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Preface
Our genetic makeup and the conditions of our lives have become incongruent. As the
human genome developed through the process of natural selection, daily physical exertion
was obligatory. Our biochemistry and physiology evolved to function optimally under such
circumstances. However, today’s mechanized, technologically oriented conditions promote
and sometimes force us to have an unprecedentedly sedentary lifestyle: Most people now
spend the majority of their waking hours sitting.
It is now understood and accepted among scientists, health practitioners, and the lay
public that a lack of physical activity (too little exercise) has major adverse health
consequences and that adopting physical activity has significant preventive benefits.
However, recent evidence suggests strongly that too much sitting poses an additional and
widespread health risk.
Prolonged periods of time spent sitting are now ubiquitous in the workplace, in
automobile commuting, and at home, whether viewing television or using computers and
electronic entertainment technologies. In this context, the newly emerging science of
sedentary behavior has made impressive initial progress in identifying prolonged sitting as a
health risk that appears to be distinct from a lack of physical activity or exercise and points
to novel opportunities for innovative initiatives in public health, occupational health, and
clinical and social policies.
Many important health problems are likely to be exacerbated by sedentary behaviors—
too much sitting—including obesity, atherosclerosis, age-related fractures, and diabetes. The
consequences of sedentary behavior on society (e.g., the high cost of health care) are also
likely to be significant. Furthermore, with rapid technological changes, opportunities for
passive work, passive recreation, and passive transport are only likely to increase. Thus, the
influence of sedentary behavior on health and society is likely to be of ongoing and
potentially growing concern.
Many new scientific, public health, and broader social questions about sedentary
behavior now need to be addressed. Why does sedentary behavior appear to be such a
mismatch with our born-to-move genes? What roles have ergonomics, design, and the
industrial and information revolutions played concerning sedentary behavior? What is the
effect of environmental changes on people’s sedentary behavior and health outcomes?
Written by a group of the finest scientists and experts in their areas, the chapters in
Sedentary Behavior and Health address these and a plethora of other questions. The
collection of 27 chapters in this book provides the latest and most comprehensive coverage
on the topic of sedentary behavior and health. This book is unique because it draws on
perspectives that go beyond the more conventional physiological, behavioral, and
epidemiological perspectives that have shaped the recent development of this field. It
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provides depth and breadth of perspective, in ways that will be informative for researchers,
practitioners, and students in kinesiology, public health, preventive medicine, physical
activity, health behavior, health promotion, sociology, and human engineering or industry.
The development of this book has been one arm of a joint. The other arm was the
conference Sedentary Behavior and Health: Measurement Issues and Research Challenges
at the University of Illinois at Urbana-Champaign in October 2015. The majority of the
chapter contributors of this book were speakers at the conference. Following the
conference, all authors were given the opportunity to review their chapters in the light of
what they learned from preparing their own presentations, feedback from other presenters,
and new perspectives that arose at the meeting. Through these synergies of the conference
and the set of chapters in this book, the new research field on sedentary behavior and health
has been further consolidated and new research opportunities and practical and policy
implications are emerging. Early indications exist that new research programs and other
initiatives for better understanding why and how to reduce sedentary behavior will be
fostered.

Broad Readership Interest
This book has several purposes: It serves as a key reference for a rapidly emerging
research area, as a textbook for courses and workshops on physical activity and inactivity or
sedentary behavior and health, and as key reading for courses and workshops on public
health and health promotion.
Because of the wide scope of the book, a broad readership interest is expected. The
primary audience for this book is traditional kinesiology and exercise science professionals
and students including those with a focus on physical activity and health, physical fitness,
and physical education, as well as professionals and students in public health, physical
therapy, occupational therapy, and ergonomics. The secondary audience is professionals and
students in public health and medicine, including those with a focus on community health,
obesity, worksite wellness, health disparity, and disability. The tertiary audience is
professionals and students in broader areas of applied behavioral science, such as transport
and urban planning, environmental health, and many other areas that address behavior
changes based on thorough environment and policy interventions, computers, and
technology.
Because sedentary behavior is quickly becoming a global issue and burden, this book
touches on many different aspects and effects of sedentary behavior. Professionals in a
diverse range of fields will also be interested in reading it. Industrial engineering,
environment design, social science, radiology and anthropology, and measurement and
statistical data analysis are just a few examples of interested fields.
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Organization of the Book
Each chapter provides learning objectives, a summary of key concepts, and a set of study
questions to direct the reader to key studies and commentaries in the specific area under
consideration.
To address its goals, the book is organized into five parts:
• Part I—Sedentary Behavior Concepts and Contexts—has six chapters providing a
perspective on contemporary developments in the sedentary behavior research field, a
thorough review of the physiology of sedentary behavior and the relationship between
modern technologies and sedentary behavior, and evolutionary and industrial
engineering and design perspectives on sitting.
• Part II—Sedentary Behavior and Health—has six chapters providing the most up-to-date
review on the relationship between sedentary behavior and several major chronic
diseases, specifically obesity, cardiovascular disease, cancer, diabetes, and lower back
pain.
• Part III—Measuring and Analyzing Sedentary Behavior—has five chapters addressing
this topic comprehensively. To properly understand sedentary behavior, we must be able
to measure it accurately and analyze the relevant data appropriately. Both conventional
approaches in measuring sedentary behavior and future possibilities are covered by
leading researchers in the field.
• Part IV—Sedentary Behavior and Subpopulations—has four chapters on issues specific
to sedentary behavior in children, in working adults, in older adults, and in minorities. To
design effective interventions for reducing or eliminating sedentary behavior, a good
understanding of characteristics of subpopulations’ sedentary behavior is an absolute
must.
• Part V—Changing Sedentary Behavior—has six chapters covering mainstream
intervention methods based on both behavioral theories and psychological models, plus
broader perspectives in which environmental, social, community, worksite, and
technology-based interventions are considered.
Finally, in the Epilogue, the editors provide their overall conclusions about the state of
this new field, identifying promising key research topics, strategies, and future directions
and suggesting future public health and broader social implications.

A Consolidated, Broadly Based Overview
Now is an ideal time for a consolidated and broadly based scientific and critical overview
of what is known from the rapidly emerging body of research about sedentary behavior and
health, where important new opportunities are emerging for reducing the health risks
associated with too much sitting. This book contains the evidence required for pursuing
well-informed, wide-reaching initiatives.
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Sedentary behavior, although presently mismatched with many aspects of our genetic
makeup, is quickly emerging as a primary human behavior as well as a likely new public
health threat. Studying sedentary behavior and health to design effective interventions will
be a hot field in the coming decades. We are confident that Sedentary Behavior and Health:
Concepts, Assessment and Intervention will serve as a rich learning resource and reference
for this emerging field.
\qqGD: insert regular ebook icon.xqq\
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Part I
Sedentary Behavior Concepts
and Context
Part I has six chapters dealing with the key concepts and scientific underpinnings of
sedentary behavior. These chapters set the scene for what follows in the other four parts of
the book. Here, the focus is on background issues, mechanisms, and the broad context of
sedentary behavior and health. Chapter 1 deals with the more recent and immediate
background of research on sedentary behavior and health. Over the past 15 years, there has
been a rapid accumulation of research studies addressing the health consequences of
sedentary behavior, particularly from the point of view of chronic disease prevention. In
chapter 1, Neville Owen provides a perspective of research and practical and policy
concerns about sedentary behavior and chronic disease risk. He reviews some key aspects
of the epidemiological, behavioral, and experimental research that has emerged, puts
forward concepts from behavioral epidemiology and ecological models of health behavior
as organizing principles, and proposes directions for future research.
In chapter 2—Gravity, Sitting, and Health—Joan Vernikos provides important context
and background. She does so in depth and focus, illustrating the significant and highly
informative precursors for the new sedentary behavior and health field that are apparent in
research associated with the U.S. and international space programs. Chapter 3 then focuses
on a stream of experimental research that has begun to identify the metabolic and other
biological consequences of reducing and breaking up prolonged sitting time. David Dunstan
and colleagues address key aspects of study design and other methods required for
conducting human experimental research on sedentary behavior and health. They highlight
several new research findings and provide some compelling hints about the mechanisms by
which sedentary behavior exerts adverse influences on health outcomes.
Chapters 4, 5, and 6 provide a provocative and informative perspective on determinants
of sitting, which can be both more and less difficult to change. In chapter 4, sociologist and
designer Galen Cranz provides a novel and engaging perspective on the history of the chair,
its many manifestations, and its role in making prolonged sitting such a ubiquitous
contemporary attribute of human life. In chapter 5, Jorge Banda and Thomas Robinson
address the particular effects on children of another major environmental determinant of
sedentary behavior—the screen. Chapter 6 takes a broader perspective as Kenneth Glover
and Weimo Zhu address how sitting has become the default option in many contexts and
why it is in many circumstances inextricably and unavoidably embedded in daily life.
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Together, these six chapters provide the broad context for the rest of the book. The
editors, however, must confess to a sin of omission—not addressing the role of the
automobile as a major source of sedentary behavior in modern life. Several recent studies
have identified time spent sitting in cars as a significant source of sedentary behavior, with
unique adverse health outcomes. We nevertheless are confident that the reader will come
away from part I of the book with many new insights into sitting, its health consequences,
and contexts and will gain a broader perspective on which to build a more-detailed
understanding of sedentary behavior and health.
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Chapter 1
Emergence of Research on
Sedentary Behavior and
Health
Neville Owen, PhD
\qqBegin special element\
The reader will gain an overview of the scientific background and context of sedentary
behavior research and its potential to inform future chronic disease prevention initiatives.
By the end of this chapter, the reader should be able to do the following:
• Understand how too much sitting may be defined as a behavioral attribute that is distinct
from physical inactivity or too little exercise
• Describe some key characteristics of the rapidly evolving body of contemporary research
evidence on sedentary behavior and health
• Provide a brief historical perspective and concepts to guide the development of research
on sedentary behavior and health
• Outline research priorities for sedentary behavior and health within a behavioral
epidemiology framework
\qqEnd special element\
What is sedentary behavior? Put simply, sedentary behavior may be characterized as too
much sitting, as distinct from too little exercise. There is a rapidly emerging body of
evidence on sedentary behavior and health that links back to a strong science base in spaceflight and bed-rest studies (Vernikos 2004; Vernikos 2011; see also chapter 2). The term
sedentary behavior requires some clarification, given that the term sedentary has been used
previously to describe those who do little or no physical activity or who do not meet
physical activity and health guidelines (see as an example Owen and Bauman 1992). Now,
the recommendation is to use the term sedentary to characterize behaviors involving
prolonged sitting and the term inactive in the context of doing little physical activity or not
meeting activity guidelines (Owen, Healy, et al. 2010; Owen 2012; Pate et al. 2008).
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To be more specific, sedentary behaviors typically involve sitting or reclining in the
energy-expenditure range of 1.0 to 1.5 METs (metabolic equivalents; multiples of the basal
metabolic rate). By contrast, physical activity (moderate- to vigorous-intensity physical
activity [MVPA]; exercising) such as brisk walking or running typically requires an energy
expenditure of 3 to 8 METs. Those with no participation at this level have in the past been
described as sedentary (Pate et al. 2008). Now, especially since a focus on reducing
sedentary behavior has been proposed as a potential new element of physical activity
recommendations (Garber et al. 2011), the term inactive is preferable for describing those
who do not engage in MVPA (Owen, Healy, et al. 2010).
A helpful definition comes from the Sedentary Behaviour Research Network:
Any behavior during waking hours that is characterized
by energy expenditure greater than or equal to 1.5 METs,
while in a sitting or reclining posture; the term “inactive”
should thus be used to describe those who are performing
insufficient amounts of MVPA (i.e., not meeting specified
physical activity guidelines) (2012, page 540).
An energy-expenditure perspective highlights how sitting time is important to consider in
the context of physical activity and health. The objective measurement of all movement
during every minute of waking hours is highly informative in this context. Studies using
accelerometers with large population samples have shown that typical adults in the United
States and Australia, for example, on average engage in only 20 to 30 minutes of MVPA, sit
up to 10 hours of each day, and spend the balance of their waking hours in light-intensity
activity (Healy, Clark, et al. 2011; Healy, Matthews, et al. 2011; Owen, Sparling, et al.
2010).
Reducing sitting time has emerged as a potential new strategy for physical activity and
chronic disease prevention initiatives. Sitting time reflects the accumulated hours spent
each day in the numerous sedentary behaviors during commuting and leisure time, and at
school, in the workplace, and in the domestic environment. Even those who meet the public
health recommendation (for adults, 30 min of MVPA on most days each week; for children
and youth, 60 min daily) can be exposed each day to the deleterious metabolic
consequences of 7 to 10 hours of sitting (Healy, Matthews, et al. 2011; Salmon et al. 2011).
Figure 1.1 shows objective-measurement findings from the 2003-2006 U.S. National Health
and Nutrition Examination Survey (CDC 2011). It illustrates how adults, youth, and

27

children in the United States allocate their time, based on accelerometer-derived time spent
sedentary activities, in light-intensity activity, and in MVPA.

Figure 1.1 How U.S. adults (a), youth (b), and children (c) allocate their time,
based on average population values for sedentary time, light-intensity physical
activity, and moderate- to vigorous-intensity physical activity.
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Data from the 2003-2006 NHANES survey (CDC 2011).
The proportions shown in figure 1.1 are compelling. They illustrate that the majority of
the day is spent in sedentary activity or in light-intensity physical activity. Although MVPA
represents less than 3% (approximately) of waking hours, it has been the main focus of
public health efforts to promote physical activity to date. Substantial opportunities exist for
reducing sitting time throughout the day among children, youth, and adults.
Time spent sitting displaces time spent in higher-intensity activities, thereby contributing
to a reduction in overall energy expenditure. So, substituting 2 hours of this high volume of
sitting time with light-intensity activity (2 hr * (2.5 METs − 1.5 METs) = 2.0 MET-hr)
would significantly increase energy expenditure. This would be greater than the additional
energy expenditure associated with 30 minutes of walking, which we would assume to
displace either sitting time (0.5 hr * (3.5 METs − 1.5 METs) = 1.0 MET-hr) or lightintensity time (0.5 hr * (3.5 METs − 2.5 METs) = 0.5 MET-hr). Thus, 2 additional hours of
sitting each day, in simple energy-expenditure terms, would negate what is achieved by
meeting the basic physical activity and health recommendation through walking.
Prolonged sitting is now understood to be a significant and distinct behavioral attribute
that is manifested in multiple life contexts. Identifying sedentary behavior as a novel term
within the physical activity and health equation does not, however, contradict or negate
what is well understood about the health benefits of participation in moderate-intensity and
vigorous-intensity physical activity. Rather, understanding sedentary behavior in this
context broadens our perspective on the health benefits of physical activity and identifies
novel targets for health promotion and disease prevention initiatives.
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Contemporary Sedentary Behavior Research and
Concepts
Sedentary behavior has its recent historical roots in the physical activity and health field.
Research on physical activity and health gained much of its early impetus from
epidemiological studies with members of active and inactive occupations in the UK (Morris
et al. 1953) and the United States (Paffenbarger et al. 1997). Early studies were conducted
with British civil servants—bus drivers and desk-bound workers—who primarily sat at
work, compared to their occupational counterparts—bus conductors and mail delivery
workers—who were on their feet for most of their working days. Morris and colleagues
(1953) demonstrated significantly reduced cardiovascular disease risk in those who were
more active, interpreting the findings as showing the beneficial effects of physical activity.
However, an alternative perspective is that these early physical activity epidemiology
studies showed deleterious health consequences of prolonged occupational sitting. Brown
and colleagues (2009) argued that with burgeoning research attention on sedentary
behavior, the physical activity and health field is now revisiting some of its fundamental
epidemiological bases within the new sedentary behavior perspective.
Understanding the broader conceptual and scientific background to the current interest in
sedentary behavior research is helpful. Research on sedentary behavior can be traced back
to the history of behaviorist underpinnings, particularly in relation to the social and
environmental determinants of behavioral choice shaped by thinking in the subdisciplines
of behavioral economics and behavioral epidemiology. A focus on environmental
determinants of sitting time emphasizes the limitations on individual initiative for many
health-related behaviors (Owen et al. 2000; Sallis, Owen, and Fisher 2008). This is an
important consideration in the context of physical activity and health research, where the
concept of individual responsibility for exercising or otherwise choosing to be physically
active has been the dominant paradigm (Sallis and Owen 1999).

Ecological Model
An ecological model of sedentary behavior (Owen et al. 2011; Sallis and Owen, 2015)
proposes that environmental contexts are significant determinants of sedentary behaviors. It
seems probable that sedentary behaviors will be determined more strongly by the situations
people are in than by their individual characteristics. Behavior settings (Barker 1968) are
the social and physical situations in which behaviors take place, and ecological models
open the possibility of intervening on these environments. “The importance of behavior
settings is they restrict the range of behavior by promoting and sometimes demanding
certain actions and by discouraging or prohibiting others” (Wicker 1979, 4). Environmental
contexts can shape or constrain individual-level initiative—for example, prolonged sitting
may be unavoidable in most office, classroom, and transportation settings.
Factors at the intrapersonal level—particularly psychological factors, individual skills,
and motivation—are one component within the multiple levels of influence on behavior.
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Figure 1.2 provides a simplified schematic for an ecological model of health behaviors.
Strategies based on individual responsibility—persuading and encouraging people to pull
themselves up by their personal-motivational bootstraps—are unlikely to be an effective
public health approach to reducing sedentary behavior.

Figure 1.2 Simplified schematic for an ecological model of sedentary behavior
(Owen et al. 2011) emphasizing the breadth of relevant influences on behavior.

Behavioral Choice Theory
The behavioral epidemiology framework (Owen, Healy, et al. 2010; Owen et al. 2000;
Owen et al. 2011) that we have proposed for understanding and influencing sedentary
behaviors has been strongly flavored by the seminal work of Len Epstein (1998), who drew
from behavioral economics to analyze the determinants of choices made between
participating in sedentary and physically active behaviors. Identifying factors associated
with the choice to participate in either physical activity or in sedentary behaviors can
inform the development of relevant intervention strategies. Behavioral choice theory (BCT)
explicitly incorporates environmental influences (Rachlin et al. 1980). Epstein integrated
BCT with the behavioral economics model in studies conducted in controlled laboratory
settings (Epstein et al. 1991; Epstein 1998). Applications of BCT may have significant
unrealized potential for informing public health strategy by providing a better
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understanding of the personal and environmental factors that can influence how adults in
the general population choose to allocate time between physically active and sedentary
behaviors (Epstein 1998).
Research on physical activity has predominantly been focused on individual-level and
social influences (Sallis and Owen 1999; Trost et al. 2002). The constructs employed in
BCT, however, have the potential to provide insights of greater public health relevance into
the environmental determinants of sitting time in populations, particularly how behaviors
may be determined by the simple availability of amenities such as chairs, but also on other
environmental factors such constraints on and ease of access (Lappalainen and Epstein
1990; Rachlin et al. 1980). Thus, individually focused interventions for reducing extremely
common sedentary behavior in the natural environment may simply lead to substitution of
these behaviors for other less preferred sedentary behaviors. These may be significant as
determinants of the low rates of physical activity and the high rates of participation in
sedentary behavior in the adult populations of industrialized countries (Salmon et al. 2003).

Sedentary Behavior and Health
The significance for health of too much sitting is now being acknowledged within the
sports medicine and public health constituencies as a concern that is additional to the
deleterious health consequences of insufficient physical activity.
In the United States, for example, the recent Quantity and Quality of Exercise for
Developing and Maintaining Cardiorespiratory, Musculoskeletal, and Neuromotor Fitness
in Apparently Healthy Adults: Guidance for Prescribing Exercise position stand of the
American College of Sports Medicine acknowledged that “in addition to exercising
regularly, there are health benefits in concurrently reducing total time spent in sedentary
pursuits and also by interspersing frequent, short bouts of standing and physical activity
between periods of sedentary activity, even in physically active adults” (Garber et al. 2011,
page 1334).
In the United Kingdom, the Start Active, Stay Active document addressed the volume,
duration, frequency, and type of physical activity across the life course needed for achieving
broad-based health benefits. This national document makes the case for the importance of
reducing sedentary behavior, albeit with a quite general message intended to be applied
across the various age groups from children to older adults on the importance of minimizing
extended periods of time spent being sedentary (sitting) (Davies et al. 2011).
Notably, such recommendations are at this point rather broad, endorsing the importance
of reducing sitting time. These documents do not identify what might be an unsafe or
detrimental amount of overall daily sitting time, nor do they specify how frequently sitting
time should be broken up or the type and intensity of activity that would be desirable in
doing so.
With the growing interest in sedentary behavior and health, it is clear that there are new
research agendas to be addressed, particularly in identifying dose–response relationships
and the mechanisms through which prolonged sitting can result in adverse health outcomes.
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Sedentary Research Agenda
The behavioral epidemiology (Sallis and Owen 1999; Sallis et al. 2000) research agenda
on too much sitting also includes conducting measurement studies, understanding the
relevant determinants of sedentary behavior, developing effective interventions, and
evaluating the outcomes of environmental and policy initiatives. The strategic and
conceptual basis for this research agenda has been articulated for sedentary behavior
(Owen, Healy, et al. 2010) and includes an ecological model of behavioral determinants
(Owen et al. 2011).
• Associating sedentary behaviors with biomarkers and health outcomes; identifying dose–
response relationships and mechanisms
• Developing measurements (device based and self-report) for sedentary behaviors
• Characterizing population prevalence, trends, and variations in sedentary behaviors
• Identifying the relevant determinants of sedentary behaviors in multiple contexts
• Conducting laboratory and field-based intervention trials on sedentary behavior change
• Informing and evaluating large-scale innovations and policy initiatives
Emerging evidence and implications of the behavioral epidemiology framework as it may
be applied to understanding and influencing sedentary behavior are described in detail
elsewhere (Owen 2012; Owen, Healy, et al. 2010).

Observational Studies and Experimental Findings
The AusDiab studies (which examine obesity, diabetes, and risk factors with a large
national sample of adults) have shown a ubiquitous leisure-time sedentary behavior—TV
viewing time—to be associated with the metabolic syndrome and its components (Dunstan
et al. 2005; Thorp et al. 2010), disordered insulin and glucose metabolism (Dunstan et al.
2007; Dunstan et al. 2004), and adverse retinal vascular indices (Anuradha et al. 2011).
Related Australian studies have also identified prospective relationships of TV viewing
time with weight gain (Ding, Sugiyama, and Owen 2012), declines in MVPA (Lakerveld et
al. 2011), risk biomarker changes (Wijndaele et al. 2010), and premature cardiovascular
mortality (Dunstan et al. 2010). It was also estimated that for every hour of TV time
watched after age 25 years, Australian adults can expect a 22-minute reduction in their life
expectancy (Veerman et al. 2012). It is now reasonable to conclude that sedentary behavior
is associated with adverse biomarker profiles and the risk of developing major chronic
diseases (Hamilton et al. 2008; Hamilton and Owen 2012; Owen, Healy, et al. 2010; Thorp
et al. 2011).
The relevant epidemiological evidence includes findings from a population-based sample
of 222,497 middle-aged and older Australian adults (the 45 and Up Study). High levels of
overall daily sitting time were found to be related to all-cause mortality risk (Van Der Ploeg
et al. 2012). From the United States, findings from a follow-up of more than 240,000 adults
initially aged 50 to 71 years (from National Institutes of Health-American Association of
Retired Persons Diet and Health study) showed that adults who watched television for 7 or
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more hours per day and also reported high levels of MVPA (more than 7 hr/week) during
leisure time had a 50% greater risk of death from all causes and twice the risk of death from
cardiovascular disease compared to those who undertook the same amount of physical
activity but watched television for less than 1 hour per day (Matthews et al. 2012).
Participation in physical activity may not therefore necessarily be protective for those
who spend large amounts of time in sedentary behaviors. Recent studies have identified that
dietary interactions with sedentary time in relation to biomarkers for cardiometabolic risk—
poor diet quality (Reeves et al. 2013) and higher levels of snack-food consumption (Thorp
et al. 2013)—together with higher television viewing time can be associated with more
adverse biomarker profiles. Further research is needed on sedentary behavior–diet
interactions, particularly to identify potential synergistic risk and protective exposures. The
deleterious health effects of sitting may be strongly influenced by concurrent dietary
practices.
Cross-sectional studies using accelerator-based measurement of sedentary time (Healy,
Dunstan, et al. 2008; Healy, Matthews, et al. 2011; Healy, Wijndaele, et al. 2008) are also
providing new insights. For example, in the U.S. National Health and Nutrition
Examination Survey (NHANES), those in the lowest quartile of breaking up sedentary time
had a more than 4 cm (1.6 in.) greater waist circumference than those in the highest quartile
of breaks (Healy, Matthews, et al. 2011). Further analyses of the accelerometer data from
NHANES have shown high levels of sedentary behavior in cancer survivors (Lynch et al.
2010; Lynch, Dunstan, et al. 2011; Lynch, Friedenreich, et al. 2011) and also relationships
between sedentary time and measures of depression (Vallance et al. 2011).
This body of evidence from observational studies has generated hypotheses that have
been tested in an experimental study with middle-aged and older overweight adults
(Dunstan, Kingwell, et al. 2012). The effects of prolonged uninterrupted sitting on plasma
glucose and serum insulin were compared with those of sitting interrupted by short 2minute bouts of activity (treadmill walking) in overweight middle-aged adults. Compared to
results from uninterrupted sitting, blood glucose was reduced after both activity-break
conditions (light: 24%; moderate: 30%) and insulin was reduced by 23%. No statistically
significant differences were found between the two activity conditions, suggesting that brief
interruptions to sitting can lead to significant reductions in glucose and insulin. This may be
independent of activity intensity. Further analyses of the blood and tissue samples from
participants showed effects of these activity-break conditions on hemostatic markers
(Howard et al. 2013) and systematic relationships with gene expression in skeletal muscle
(Latouche et al. 2013).

Measurement-Development Research
Measurement development is a key element of the sedentary behavior and health
research agenda (Clark, Thorp, et al. 2011; Clark et al. 2009; Gardiner, Clark, et al. 2011;
Winkler et al. 2011). For example, an initial study using multiple self-report measures
suggested that TV time may be a marker of overall sedentary time (Sugiyama et al. 2008);
however, accelerometer-assessed sedentary time was subsequently shown to be positively
but only weakly related to television viewing time (Clark, Healy, et al. 2011). Although
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device-based measurement is leading to significant progress, self-report methods
nevertheless remain essential elements of population-prevalence studies (Healy, Clark, et al.
2011; Troiano et al. 2012). Using the iPAQ instrument, wide international variations in the
prevalence of prolonged sitting have been identified (Bauman et al. 2011). The employment
of appropriate self-report methods in context-specific studies is crucial for documenting the
prevalence and variations in sedentary behavior and developing and evaluating the
outcomes of specific initiatives for behavioral change (Chau et al. 2011; Chau et al.
2012\qqAU: Chau et al. 2012 doesn’t appear in the references. Should this be 2011? If
this is a new source, please make sure to add this to the references.xqqME\; Clark,
Healy, et al. 2011; Marshall et al. 2010; Oliver et al. 2010).

Environmental Determinants of Sedentary Behavior
The ecological model of sedentary behavior described previously has set a strong
environmental-determinants agenda that has the potential to inform environmental and
policy initiatives. Evidence is emerging from cross-sectional studies in multiple countries
on the environmental correlates of sedentary behavior, using self-report (Kozo et al. 2012;
Van Dyck et al. 2011) and device-based measurement (Van Dyck et al. 2010). Much of this
evidence has come from cross-sectional studies, so our understanding to date tells us more
about the correlates than about the determinants of sedentary behavior (Bauman et al.
2002). Intriguingly, relationships of neighborhood walkability attributes with devicemeasured sedentary time have emerged that are the inverse of what has been observed for
self-reported sedentary behaviors. For Belgian adults, accelerometer-measured sedentary
time was higher in highly walkable neighborhoods (Van Dyck et al. 2010). Among
Australian adults living in lower-walkability neighborhoods, TV time was initially higher
(Sugiyama et al. 2008) than in high-walkability neighborhoods and it increased more over 4
years (Ding et al. 2012).
A review of the relevant evidence published up to late 2014 identified 17 studies where
89 instances of such relationships were examined (Koohsari et al. 2015). Significant
associations were found in 28% of instances and nonsignificant associations were found in
56%. Lower levels of sedentary behavior among residents of urban compared to regional
areas were most consistently observed. It was concluded that a modest and mixed pattern of
findings was available on associations of urban environmental attributes with adults’
sedentary behaviors. That review describes a research agenda involving focusing efforts
toward measurement and concept development, gathering international evidence to provide
a wide range of environmental exposures, and strengthening the logical inferences that can
be made through gathering data from prospective studies.

Controlled Intervention Studies of Behavioral Change
Studies gathering experimental evidence and findings from real-world intervention trials
are crucial elements of the sedentary behavior research agenda. Further human
experimental studies are needed (Dunstan, Kingwell, et al. 2012), particularly on dose–
response relationships and underlying mechanisms, the feasibility of changing prolonged
sitting in workplaces and other contexts (Alkhajah et al. 2012; Gardiner, Eakin, et al. 2011;
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Healy et al. 2013; Neuhaus et al. 2014), and how to best promote maintenance of the
relevant sedentary behavior changes as well as the health benefits of doing so. These initial
studies, with the exception of the trial by Gardiner and colleagues (2011) that used an
informational-motivational intervention, have used height-adjustable workstations and
demonstrated reductions of an hour or more in workplace sitting time. They have also
provided evidence that additional reductions in sedentary time can be brought about
through the use of behavioral coaching in combination with these simple workplace
environmental changes (Healy et al. 2013; Neuhaus et al. 2014).

Sedentary Behavior Research Priorities
We have previously proposed 11 research questions (see sidebar) for a population-health
science of sedentary behavior (Owen et al. 2010).
\qqBegin special element\

Questions for Sedentary Behavior Research
1. Can further prospective studies examining incident disease outcomes confirm the
initial sedentary behavior and mortality findings?
2. Can sedentary behavior and disease relationships be identified through reanalysis of
established prospective epidemiological data sets, by treating sitting time as a distinct
exposure variable?
3. What are the most valid and reliable self-report and objective measures of sitting time
for epidemiological, genetic, behavioral, and population-health studies?
4. Are the TV time–biomarker relationships for women pointing to important biological
or behavioral gender differences?
5. What amounts and intensities of activity might be protective in the context of
prolonged sitting time?
6. What genetic variations might underlie predispositions to sitting and greater
susceptibility to the adverse metabolic correlates?
7. What is the feasibility of reducing or breaking up prolonged sitting time for different
groups (older, younger) in different settings (workplace, domestic, transit)?
8. If intervention trials show significant changes in sitting time, are there improvements
in the relevant biomarkers?
9. What are the environmental determinants of prolonged sitting time in different
contexts (neighborhood, workplace, at home)?
10. What can be learned from the sitting time and sedentary time indices in builtenvironment and physical activity studies?
11. Can evidence on behavioral, adiposity, and other biomarker changes be gathered from
natural experiments (for example, the introduction of height-adjustable workstations
or new community transportation infrastructure)?
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\qqEnd special element\
Evidence addressing several of these questions can now be found in the research
literature. Nevertheless, further research findings are needed to better understand the
relationships of sedentary behavior with health outcomes. Also needed are questions on
measurement, the determinants of sedentary behavior, and the effectiveness and benefits of
interventions for addressing changing sedentary behaviors in multiple contexts. New
evidence arising out of device-based measurement studies will provide further perspectives
on the health consequences of different patterns of movement and posture (Healy, Clark, et
al. 2011). This research is delivering novel insights into the ubiquitous nature of prolonged
sitting time and its determinants. Research to develop evidence-based methods for changing
sedentary behavior is at an early stage, but is progressing rapidly.
However, much remains to be understood about sedentary behavior and health. Evidence
from future mechanistic and dose–response studies might point to harmful or beneficial
aspects of sedentary time that are not yet anticipated. If the relevant confirmatory evidence
does continue to accumulate, there is a challenging research-translation agenda to be
pursued (Dunstan, Howard, et al. 2012). Emerging evidence on the social and
environmental determinants of prolonged sitting will inform future intervention trials,
which will deliver invaluable evidence and insights. It seems likely that we will see many
future public health initiatives, environmental and policy changes, and clinical guidelines
being informed by sedentary behavior and health research.

Summary
This chapter starts with a definition of sedentary behavior and clarification of the
distinction between being sedentary and physically inactive. The basic idea is that too much
sitting is distinct from too little exercise. Highlights of the rapidly growing interest in
sedentary behavior research are presented, together with compelling population-based
findings derived from large-scale use of objective measurement devices. These findings
show the large proportions of waking hours that adults and children spend primarily sitting
—contrasting the daily average of 10 hours of sitting time with around 20 minutes of
MVPA is striking. A perspective on sedentary behavior research in epidemiology and
public health is provided, with some conceptual background showing how ecological
models and behavioral choice theory can guide research on the social and environmental
determinants of sitting time. Recent findings and research priorities are reviewed,
emphasizing the need for further evidence on health consequences, the crucial role of
measurement development (both device based and self-report), the importance of building a
body of evidence on the determinants of sedentary behavior, and the contributions of
experimental studies and real-world intervention trials in developing the evidence base on
the feasibility and benefits of changing sitting time.
\qqBegin special element\
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Key Concepts
• Behavior settings: Within an ecological model of sedentary behavior, the primary
determinants of whether or not people sit or engage in physical activity are the attributes
of the settings in which they spend time (for example, office-based work typically
mandates sitting, as does driving in a car).
• Behavioral epidemiology: The systematic study of health-related behaviors addressing
evidence on health benefits, measurement, determinants of behavior, interventionderived evidence, and implications for public-health policy.
• Correlates and determinants of sedentary behavior: Identifying what needs to be
changed in interventions in order to reduce or break up sedentary time in different
contexts is the key aspect of the current research agenda. However, much of the
observational-study research conducted to date has used cross-sectional designs, which
allow inferences about correlates. Prospective study designs provide stronger grounds
from which to infer that certain factors will determine sedentary behavior.
• Experimental studies: A small number of recent laboratory-based studies with humans
have systematically manipulated sedentary time and breaks from sedentary time,
providing some initial experimental confirmation of the hypotheses generated about
sedentary behavior and health through the use of observational study methodologies.
• Field-based intervention trials: A small number of real-world intervention studies have
demonstrated the feasibility of reducing time spent sitting, particularly in workplaces.
Evidence from larger-scale trials is now needed to demonstrate the broader feasibility of
initiatives for reducing sitting time, particularly through the more widespread use of
height-adjustable workstations.
• Observational study designs: Strong clues to the importance of sedentary behavior for
health outcomes have come from both cross-sectional and prospective observational
studies. These studies typically involve large groups of people, either measured at one
point in time or measured at multiple time points. Cross-sectional studies can identify
associations and generate hypotheses. Examining prospective relationships of sedentary
behavior with subsequent development of disease or cause-specific mortality allows
stronger inferences to be made about the likely causal relationship between sedentary
behaviors and poor health outcomes.
• Sedentary behavior: The Sedentary Behaviour Research Network (2012) defines this as
any behavior during waking hours that is characterized by energy expenditure less than
or equal to 1.5 METs while in a sitting or reclining posture. The term inactive should
thus be used to describe those who are performing insufficient amounts of MVPA (i.e.,
not meeting specified physical activity guidelines).
• Self-report and device-based measurement: Epidemiological and behavior-change
research on physical activity—and more recently on sedentary behavior—has largely
relied on self-report measures of the key exposure and outcome variables. Self-report
inevitably has been influenced by social desirability and other forms of recall bias, but
nevertheless provides valuable contextually anchored information. Device-based
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measurement, typically using accelerometers or inclinometers, provides objective data
but little information on contexts and other variables. The concurrent use of self-report
and device-derived measures is desirable in most sedentary behavior research.

Study Questions
1. Why should people who spend long periods of time sitting not necessarily be
described as physically inactive?
2. List (separately for children and adults) the settings in which sitting is either
mandated or so strongly encouraged that alternative more active behaviors are
unlikely.
3. Devise two questions that could be asked specifically of an office worker that would
identify the average amount of time spent sitting each day.
4. Devise three questions that could be asked specifically of drivers of delivery trucks
that would identify the number, volume of time, and physical activity level of breaks
taken from driving.
5. Separately for children, working adults, and retired older adults, list the following
factors in order of their likely strength as determinants of sedentary behavior: physical
characteristics of the environment, the habitual behaviors of others, social norms,
knowledge of health risks, and motivation to change.
6. For a laboratory-based experimental study to identify the possible benefits of
breaking up prolonged sitting time, what would you prescribe that people do during
their breaks from sitting?
7. List the reasons for and against using individual-motivational strategies to persuade
people to reduce the time they spend sitting at home and at work. Do a similar forand-against listing in relation to the use of environmental-change strategies.
8. In a real-world experiment in a workplace, what would be the three most effective
elements to include in an intervention for reducing and breaking up prolonged sitting
time?
9. In the future, if strong evidence on the adverse health outcomes of prolonged sitting
continues to accumulate, what changes would you expect in the design of office-work
and school environments?
\qqEnd special element\
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Chapter 2
Gravity, Sitting, and Health
Joan Vernikos, PhD
The reader will gain an appreciation of the role of gravity as a fundamental physiological
stimulus in maintaining overall health, and in how exposure to lower gravity conditions,
such as in space or sedentary behavior on Earth, lead to similar adverse consequences with
common mechanisms that can lead to specific effective solutions. By the end of this
chapter, the reader should be able to do the following:
• Discuss the history of the associations among space, reduced gravity, sitting, and health
• Understand gravity as a universal stimulus, as well as its relationship to physiology,
form, and function
• Show how using ground analogs of space, such as bed rest, developed the context for
understanding the responses to sitting
• Discuss the reasons for the limited effectiveness of current exercise or activity
approaches in treating sitting
• Define and describe gravity deprivation syndrome (GDS)
• Explain the mechanisms by which GDS and the effects of sitting are regulated by
gravity-perceiving central and peripheral systems
• Discuss the differences between activities that enrich gravity perceiving systems and
exercise
• Outline paths for solutions through the development of research and technology
\qqEnd special element\
Because we live on planet Earth, development, growth, and span of life are influenced by
our environment. Gravity (G) and light, two major forces of the universe, have emerged as
crucial determinants of behavior and health. Less is known about the influence of magnetic
fields and energy, the other two forces of the universe, because they have been harder to
study. Gravity and light influence how we have evolved, as well as how we develop, grow,
look, and function. As the Earth rotates around the sun, day–night cycles are roughly 24
hours. When it is dark, we lie down to sleep. As daylight awakes us, we get up, stand, sit,
and move about the business of living until the cycle repeats itself. Integral to this day and
night, light and dark, awake and asleep daily routine is the experience of various intensities
and exposures to Earth’s gravity vector.
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When we stand up, gravity is experienced in the head-to-toe direction (Gz); less Gz is felt
during sitting because the body’s vertical column aligned with gravity is shorter and
supported. When we lie down, we minimize Gz. Gravity now pulls across the chest (Gx),
with minimal physiological influence that we know of.
As a function of light, we change our posture relative to the gravity vector (Gz), moving
throughout the day until it is time again to lie down at night. The unidirectional downward
gravity force does not change. However, we vary the influence of this gravity vector on our
body throughout the day by virtue of what we do and how we move. In this way, we use Gz
as an intermittent stimulus to keep our body systems primed and tuned so that they can be
reflexively responsive to any demands.
Until the invention of the electric bulb, these 24-hour cycles of day and night, light and
dark, activity and sleep, and +Gz versus Gx were maintained fairly universally.
Industrialization, shift work, and more recently a flood of electric conveniences, appliances,
transportation, and electronic devices have diverted the need to move during daylight hours.
Today’s sedentary working society, on the road as well as at home, no longer needs to move
for essential activities, thus our bodies have become out of tune with nature. Health issues
of metabolic syndromes followed, including type 2 diabetes, obesity, cardiovascular
disease, cancer, and immune disorders, as well as sleep, emotional, and cognitive issues.
Whether sitting causes some or all of these disorders is not unequivocally proven.
Nevertheless, now ample evidence exists that a sedentary lifestyle exacerbates all disorders.
Though attempts to compensate for this daily movement deficit have focused on
replacing it with structured exercise, usually once a day for 3 to 5 days per week, this
approach alone appears to be inadequate. Doing movement of all kinds, mostly of low
intensity, throughout the day, every day including weekends, appears best with G-aligned
posture. Frequent change in posture is a crucial factor. In space as in bed rest, exercise
without the change in posture signal is inadequate.
By going into space, astronauts showed how sitting makes us sick and ages us faster. We
learned that gravity is a universal stimulus, there to be used. Living in and using gravity on
Earth helps us grow, develop, and stay healthy, mobile, and youthful throughout life.
This chapter discusses how taking it easy with continuous sitting works through benign
neglect—reducing the input to the central nervous system that moving in gravity provides.
When the G-perceiving system goes silent or is damaged, the rest of the body atrophies and
prepares metabolically to shut down. It is a kind of total or partial vestibular and
proprioceptive deafferentation. It is not that too much sitting, too little standing, or too little
exercise are bad. Inadequate use of gravity by uninterrupted sitting is the cause of today’s
health problems.

Gravity and Spaceflight
Gravity is the force that keeps us rooted on Earth. It keeps the stars in their courses and
the planets in their orbits. The gravitational pull of the moon, nearly 386,243 km (240,000
mi) away from Earth, causes the regular ebb and flow of the tides. Gravity is measured in
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units known as Gs, and the force that normally operates on Earth is designated as 1 G. For a
rocket to break free from Earth’s gravitational field, it has to reach a speed of more than
40,000 km per hour (25,000 mph). There is no such thing as zero gravity. We come near to
it in space as the spacecraft free-falls around the Earth’s orbit; gravity is then reduced to
microgravity levels, approximately 10-5. This gravity level is considered below the
threshold of human perception, as evidenced by the familiar images of astronauts appearing
to float in space—they still have mass but no weight. Equally, pictures of unstable Apollo
astronauts hopping on the moon’s 0.16th gravity surface are below G-threshold, whereas
the 0.33 G on Mars may be getting closer to the gravity threshold.
Although extensive work with plants on Earth had established the significant influence of
gravity on their growth and development, little was known about other biological systems.
To understand gravity’s role, we had to go into space as far away from Earth’s 1 G as we
could. The Space Race made it possible for the first time to explore what happens to the
human body living in the microgravity of space. The answers led to an astonishing insight
for those of us living down here on Earth, one that established the fascinating link between
gravity and aging (Vernikos and Schneider 2010).
Movement in the presence of gravity imposes a physical stress that results in increased
energy exchange, evidenced by a dramatic increase in oxygen uptake, respiration, heart rate,
stroke volume, cardiac output, and sweating. Muscles required to perform various physical
activities, such as moving one’s body, lifting, or throwing objects, depend on the level of
gravity opposing these actions. Gravity has therefore traditionally been considered the
primary constant stress factor determining adaptation and maintaining health on Earth.
The very first clue to what and how human health would be affected to shifting to below
G-threshold came from the immediate nausea with some vomiting (resulting from sensory
conflict between visual and vestibular input) and diuresis, followed by drastically reduced
blood volume. These initial responses focused attention on the brain’s G-perceiving balance
center and on fluid balance as key players in the physiological changes that followed.
Long before humans ever went into space, clinical observations of loss of calcium and
bone in polio victims (Dietrick et al. 1948) led to the question of whether the bone loss was
the result of the infectious disease or of the immobilization due to the paralysis. To answer
this, studies in healthy students immobilized in lower body casts in bed confirmed that lying
in bed for 30 days in the horizontal position caused severe calcium and bone loss. Since
sending humans to space was being discussed, it was therefore hypothesized that astronauts
would show similar calcium and bone loss in microgravity, where they would become
virtually inactive. This theory was confirmed in 1964 in two astronauts on Gemini VII, the
first 14-day mission in space, bringing attention to the bone-loss problem (Lutwak et al.
1969) that remains unresolved to this day.
It was not till the 1970s when three sequential Skylab missions of increasing duration of
28, 54, and 84 days, with three astronauts in each, validated hypotheses and generated new
observations. Negative calcium balance: loss of bone density, muscle mass, and strength;
fluid shifts; cardiovascular, hematological, metabolic, and endocrine changes; and disturbed
sleep were some of these.
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Other factors include shifts in hydrostatic pressure on the cardiovascular system,
decreased weight load on muscles and bones (requiring lower energy needs or output), the
removal of the sense of direction and acceleration, and the absence of the change in position
and posture mediated on Earth by the vestibular system (Vernikos 1996).
Returning to Earth after adaptation to microgravity in space was in turn characterized by
maladaptive responses to Earth’s gravity—orthostatic hypotension (OH) on first standing
up, reduced heart size and volume (which impaired cardiac output, stroke volume, and
aerobic capacity), atrophy and weakness of supporting postural muscles and bones, back
pain from vertebral compression, visual acuity problems during walking,
immunodeficiency, viral reactivation, consequences of disturbed biological rhythms such as
nocturnal diuresis, and balance and coordination issues (Vernikos 1996). Animal space
research documented an alarming reduction in vascular endothelium within a few days in
space (Delp 2007).
Medical observers commented that astronauts must be growing old faster in space since
their symptoms were similar to those seen in the elderly. This unpopular conclusion was
swiftly dismissed as soon as it was clear that astronauts recovered when they returned to
Earth.

Head-Down Bed Rest Studies
Before the 19th century, sick people took to bed only when they were too weak to sit or
stand. Primarily, this was because working people were afraid of losing income critical to
survival as well as the superstition that if you went to bed, you would never get up again.
How right they were! All this changed in 1863 when Hilton hypothesized that if
immobilization could heal a broken leg, it should help in treating other problems as well.
This was so heartily adopted by the physicians of the time that they often prescribed bed
rest for almost anything to patients who often would have been much better off up and
about. Not infrequently, bed rest was prescribed until patients died.
About 70 years ago, a few physicians began to question the accepted practices of 4 to 6
weeks in bed after surgery or treatment of myocardial infarction and pointed out the risks of
prolonged bed rest (Asher 1947). World War II experience confirmed these findings when
men who by necessity got out of bed and moved about had fewer problems than those who
rested in bed for extended periods (Browse 1965). Yet because all observations were made
in sick people whose basic illness was the cause of going to bed, the direct link between
their sedentary status and the observed findings took time to be recognized.
The advent of the space program necessitated the study in healthy volunteers during
ground simulation of the features of living in space, mainly inactivity and the reduction of
the physiological influence of gravity. These methods to simulate reduced gravity on Earth
included water immersion and bed or chair rest. Immersion in water soon proved
impractical. A few earlier studies had used chair-sitting for up to 3 days to study the adverse
cardiovascular effects of military jobs that required too much sitting. For practical reasons,
healthy volunteers lying continuously in bed became the model of choice. In the late 1960s,
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cosmonauts returning from longer missions complained that on their return from space, they
had a hard time sleeping because they felt as if they were sliding off the foot of the bed.
They corrected this by raising the foot of the bed until it felt horizontal and they could get
back to sleep. Every night they lowered the bed a little until lying horizontal felt normal
again. Russian researchers took note of this observation, surmising that perhaps lying head
down approximated what it felt like to sleep in space. The Soviets tested −15°, −10°, or −5°
for comfort and acceptability. Head-down bed rest (HDBR) at −6° became the model of
choice for studies of longer duration and evaluations of countermeasures.
Ground research in space analogs, mainly HDBR, provided the justification and the
resources for studying the time course and the mechanisms of the reduced influence of the
Gz vector in large numbers and controlled conditions of otherwise completely normal men
and women confined to bed for prolonged periods. Results showed that all physiological
systems of the body change with continuous lying in bed. The onset and the severity of the
changes depend on how long the individual stays on bed rest. This body of data reinforced
the clinical observations of the early 20th century: that the weeks of bed rest practiced
postsurgery, post childbirth, and for the recovery from illness in general were
counterproductive to health.
For a period of roughly 40 years, shorter bed-rest recovery and rehabilitation after
surgery or illness in the clinical setting resulted in increased health benefits. However, with
the advent of modern technological inventions in the Space Age, the changing office and
home environments have taken their toll. Entertainment and appliances designed to make
life easier and communication technology have further encouraged sedentary habits among
otherwise healthy young people. The result of this new, overwhelmingly sedentary lifestyle
saw a reappearance of disability and an exacerbation of the diseases of the 19th and early
20th centuries. However, the prescribed clinical bed rest practice has been replaced by
palliative short-term solutions, including medicinal, surgical, dietary, or a variety of intense
once-a-day exercise approaches. These solutions have had limited or short-term success and
led to an abundance of injuries.
Physiological changes in space and its analog HDBR are remarkably similar in the
changes they induce (Pavy-LeTraon et al. 2007). They are very similar to sitting, though
sitting is less severe. HDBR induces a headward shift of fluids, relieves the body from its
usual head-to-toe Gz and weight-bearing position, and precludes changes in posture,
leading to unloading and possibly inactivity as well (Vernikos 1996; Weinert and Timiras
2003). By inducing many of the changes observed in spaceflight, HDBR affords a means of
mapping the time course of these changes, exploring the mechanisms under controlled
conditions and evaluating means of preventing or reducing the adverse side effects of
prolonged space flight. Equally, data from HDBR studies as well as space-related ground
and flight animal research were considered relevant to the relatively new field of sedentary
physiology.

Space, HDBR, and Aging
Initially dismissed as coincidental, the intriguing observation that space, HDBR, and
aging share similar symptoms has been gaining ground. It was argued at first that although

49

astronauts in space (or volunteers in HDBR) and the elderly showed similar changes, these
were not the same because astronauts and bed-rest volunteers recover once they return back
to Earth or reambulate. It was presumed that one does not recover from aging. Nevertheless,
as spaceflight exposures increased to 6 months, recovery of astronauts seems slower and
less complete.
After HDBR, just as after spaceflight, people must again adapt to an erect body posture
and to moving in Earth’s gravity. This is not as readily achieved as is the rate of change in
response to going into space or when first lying in bed during HDBR. Why some people
readapt more readily than others is not clear. So far all volunteers and astronauts have
eventually recovered, yet the return of various physiological systems to normal is variable
and may require days, weeks, or even years. For example, changes in the case of bone such
as its density may appear restored within 2 years, though its architecture is not restored
(Lang et al. 2004).
Similarly, aging and deconditioning in space or HDBR or in sedentary people cause a
range of changes, such as hypovolemia, reduced aerobic capacity ( O2max), and
baroreflex sensitivity (Convertino et al. 1990; 1991), as well as metabolic, cardiovascular,
musculoskeletal, and balance and coordination problems. Ben Levine’s group at
Southwestern University College of Medicine (McGavock et al. 2009) showed that the
decrease in cardiovascular functional capacity at the end of 3 weeks of HDBR as measured
by O2max and cardiac output was equivalent to that seen in the same subjects 30 years
later. These findings suggested that 3 weeks of HDBR in 30-year-olds results in
cardiovascular changes equal to 30 years of aging.
Spaceflight and to a less dramatic extent HDBR accelerate the onset and the rate of
identical changes observed on Earth over decades of aging. Uncorrected, these changes not
only hasten aging, but are often associated with chronic diseases. Whereas on Earth we
expect to lose about 1% bone density a year from age 20 on, a 4-year study on the longterm effects of microgravity on ISS astronauts showed that on average they lost 11% (range
0–24%) of their total hip bone mass over the course of 4 to 6 months (Vernikos and
Schneider 2010).
Newer techniques and longer durations in space are revealing that contrary to what was
previously thought, living in microgravity accelerates 10- to 20-fold the normal rate of bone
loss that happens with aging, enough to raise concern about the ability of astronauts to
recover (Keyak et al. 2009). Furthermore, this rate of loss does not level off after 6 months.
Such rapid and sustained changes could be explained by the acute and maintained near-total
withdrawal of the Gz signal in space or in HDBR.
The less dramatic change in bone loss with age on Earth must reflect a gradual reduction
of the use of gravity, by sitting more over decades. Older generations are now living longer,
perhaps because they are not the ones who were exposed to the dramatic increase in
sedentary behavior in their early and mid-life years. The active lifestyle habits of the longer
living generation have generally persisted in spite of modern lifestyle, since older people
have been less consumed by the electronic age. However, the increasingly sedentary
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lifestyle of coming generations may in fact reduce life span or at the very least increase
incapacitation in older years.

Relationship Between Exercise and Inactivity
It has generally been assumed that the primary common variable to space, bed rest,
HDBR, and sitting was inactivity (Sandler and Vernikos 1986). And though activity in the
form of exercise is doubtless a significant factor, in spite of 55 years of research using a
variety of extensive and intense exercise approaches, the broad spectrum of physiological
changes in space persist. Similarly, inadequate prevention of the effects of bed rest with
similar exercise regimes has been tested. In addition, the postexercise sequence of changes
in response to exercise usually observed on Earth is not experienced during recovery in
space. Astronaut Steve Hawley described his amazement at this absolute lack of
postexercise carryover after exercising in space as hard as he could. This observation, if
pursued, could offer useful insights.
However, some forms of activity are effective in HDBR. After 16 days in bed, a single
maximal, but not a submaximal, bout of exercise restored plasma volume and baroreflex
sensitivity and prevented OH, but this benefit lasted only 24 hours (Engelke et al. 1995).
Reasons for the failure of preventive or corrective approaches to yield effective solutions
are likely due to targeting specific body systems and functions, overlooking integrated
approaches, as well as ignoring the consequences of other variables on the experimental
outcomes.
Approaches to transposing to a low-gravity environment have been found to be effective
in Earth’s gravity. Once-a-day exercise may be effective in maintaining good health in an
otherwise active person, but appears to be inadequate both in space and HDBR (Vernikos et
al. 1996), and even with people who exercise daily but are sedentary the rest of the time.
At least four factors are removed by hours of sitting: inactivity, a reduced gravity column
and use of gravity, lack of postural change, and usually poor sitting posture or slouching,
which has been found to influence cognitive function as well as strength (Peper et al. 2014).
By focusing on sitting as tantamount to inactivity and its metabolic consequences,
researchers ignore the participation or significance of other variables to the health outcomes
and assume that exercise is the sole solution.
A Swedish study of sitting time and physical activity reported that a generally active
daily life was, regardless of exercising regularly, more beneficial on reducing waist
circumference, HDL, cholesterol, and triglycerides in both sexes, with lower insulin,
glucose, and fibrinogen (clotting factor) levels in men. Nonexercise activity was associated
with a lower risk of a first cardiovascular event and lower all-cause mortality (Ekblom-Bak
et al. 2014).
With respect to health in general, sedentary behavior may reflect an exchange of
sedentary activity for moderate to vigorous activity. Sedentary behavior may also be a
separate risk factor altogether. In a U.S. study of 2,286 adults aged over 60 who sat an
average of 9 hours per day, Dunlop and colleagues (2015) found 46% greater disability in
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coping with normal daily activities of living for each daily hour spent sitting. This was
independent of time spent in moderate or vigorous activity.
Two factors emerge worthy of note in resolving this issue. First, is once-a-day vigorous
exercise less effective than an equal duration and intensity of activity distributed over the
entire day or at least part of the day? Second, since sitting not only results in reduced
activity but also eliminates postural change, does interrupting sitting with a change in
posture at critical frequencies with or without activity prevent the deleterious effects of
continuous sitting?
In a randomized crossover study, we (Vernikos et al. 1996) questioned whether exercise
spread throughout the day might be more effective than the once-a-day exercise we had
used to prevent the effects of being in HDBR the rest of the 24 hours. Since standing up
provides the G-related stimulus with negligible energy expenditure and is inherent to
normal upright exercising, we compared standing up with and without exercise every hour
or every other hour throughout each day in the same nine subjects at monthly intervals in 4day HDBR studies. Surprisingly, standing up 16 times per day was more effective than
walking on a treadmill at 5 km (3 mi) per hour for an equivalent duration. It was more
effective in preventing the post-bed-rest OH as well as the decrease in blood volume and
O2max. In other words, the gravitational stimulus of standing up was even more effective
than standing up with walking exercise in these parameters. On the other hand, walking was
more effective than standing in preventing calcium loss. Since the time course of the
response in circulating hormones such as norepinephrine, angiotensin, cortisol, and
vasopressin to standing lasts only 20 to 30 minutes, it was tempting to speculate that the
posture stimulus would be most effective administered every 20 to 30 minutes instead of
hourly. We recommended this self-directed activity of standing up every 30 minutes to six
people with limited mobility (five men and one woman, aged 78-92 years of age). Five
years later, all had regained considerable mobility (from wheelchair to standing upright to
using a walker).
Dunstan and colleagues (2012) were the first to show that distributing activity at intervals
during the day was more effective on plasma glucose, insulin, and lipids. This was followed
by Peddie and others (2013), who showed that as little as 1 minute 40 seconds of activity
with each posture change in both preprandial situations or in response to a meal or OGTT
was more effective than once-a-day exercise. Duvivier and colleagues (2013) similarly
confirmed in sitting studies that once-a-day short exercise activity was less effective than
walking at intervals throughout the day. However, none of these studies included a posture
change control without activity. In studying the relationship of exercise and gravity,
Kolegard and colleagues (2013) investigated whether exercise training for 6 months would
improve tolerance to G-acceleration. Neither endurance nor strength training had any effect
on gravity tolerance, though the expected pressor responses to the exercise remained.
Exercise appeared to have little effect on the sensitivity of the G-sensing system. The type
of activity relevant to addressing the sitting dilemma may be different from the exercise we
are accustomed to (Ekblom-Bak et al., 2014). The results of these few pertinent studies are
encouraging but incomplete, and more targeted research along these lines is needed in this
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crucial area, taking into account all aspects of exercise, energy expenditure, as well as a
change in posture signal.

Gravity Deprivation Syndrome
Although we are surrounded by gravity on Earth, we can nevertheless deprive ourselves
of its benefits. These are evident in a growing child as she intuitively experiences gravity
for the first time or in an astronaut returning from space who must relearn how to use
gravity in order to recover from the microgravity experience. Gravity deprivation syndrome
(GDS) conditions fall on a continuum of reduced gravity exposure as well as compromised
physiological integrity that would prevent full gravity benefit. Such conditions could range
from sitting to inactive lifestyles, such as lying in bed because of sickness, surgery, or injury
and the limited mobility of aging. They could also be secondary to congenital birth defects,
injury, or chronic disease. The extreme state would be characterized by sarcopenia and
frailty.
Adverse consequences of GDS are the opposite of gravity’s benefits. They affect all
physiological systems and act through common pathways and mechanisms across
conditions ranging from space to aging, cerebral or spinal injury to unloading, and
sedentary lifestyles, as well as conditions that deprive sensory and postural stimulation
signals involved in maintaining resilient health. This composite of consequences forms the
GDS.
Excessive sitting where gravity is used inadequately also induces a cascade of changes
similar to those of aging. Body composition, metabolism, wasting of the musculoskeletal
system and connective tissue, and balance and coordination problems are only some of
these. Both in space and in HDBR, bone and muscle not only atrophy, but they do so much
faster than in ambulatory people on Earth.
When astronauts return from space, they have to relearn to live, move, and balance in
gravity. Between these extremes, other conditions that use gravity less have become evident
at an increasingly younger age as our modern lifestyle has become more sedentary. In
today’s modern life, we may inevitably spend part of the day lying in bed reading, watching
TV, sitting at the office or at home in front of the computer or with a tablet in our lap, or
driving or riding in a car. Yet in the process of adapting to modern conveniences designed
to make life easier, hardly realizing it, we are aging faster and becoming unhealthier. In fact,
from peak development on, our health declines. This decline is only accelerated by sitting
and lying in bed. The common denominator among these conditions is the virtual absence
of gravity in space, or from peak development on, or of using gravity increasingly less over
decades as we age. Alexandre Kalache of the World Health Organization (WHO) presented
a hypothetical chart to depict this concept that I later adapted (Vernikos 2011) (see figure
2.1).

Figure 2.1 Conceptual model of effects (e.g. on bone growth) during
development and from peak development on of using gravity increasingly less
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or more over decades as we age. The Risk Zone here would represent
decreased bone density with greater risk of fracture.

MOCK-Adapted with permission from a presentation by Alexandre Kalache, WHO 2000.
Take any example, for instance, bone loss or poor balance. The downward slope in health
or deconditioning usually begins at peak development around age 20, and will cross a risk
zone characterized by falls or fractures. The acceleration of this decline in space or in poorG users (sedentary people) on Earth suggests that this risk zone may be crossed at age 50,
well ahead of today’s normal aging. Equally, high-G users could put off reaching this risk
zone to well beyond 100, and therefore extend their life.
Thus, sitting, lying down, aging, and spending time in space form a continuum of gravity
deprivation that shares the same characteristic composite of disorders and disabilities. This
downward slope is the reverse of what a child goes through as he plays, grows, and
flourishes, intuitively using gravity to its fullest until development peaks. If children are Gdeprived during childhood, then development and later health will be expected to be
compromised. The image of today’s children stooped over an electronic text-messaging
device is cause for alarm.
Strong evidence exists that sedentary habits lead to reductions in the ability to develop
and maintain dynamic muscle forces, bone strength, cardiovascular function, balance and
coordination integrity, as well as the rest of the known consequences discussed previously
from living with reduced availability or use of gravity. There may be others not yet
identified.
GDS is potentially the 21st century’s greatest health problem, its main contributing factor
being too much sitting and poor postural use of gravity in general. The epidemiological data
are there to support it. More directed research is needed. Yet by addressing the cause of the
problem and identifying the basic mechanisms involved, solutions and technologies can be
found. The challenge is to find ways of building G-use back into daily living habits.
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Health Consequences of Prolonged Sitting and
Gravity
Lack of gravity or reduction of the influence of gravity (unloading with ineffective
activity, reduced cardiovascular need for work, and lack of postural change signals) more
than likely affects all physiological systems, with broad consequences.
What was seen in space, HDBR, and as we age has also been seen (or should be expected
to be seen) from sitting as well. These changes are generally characterized by the rapid
onset of an overall metabolic disorder characterized by loss of blood volume and red cell
mass, fluid and electrolyte shifts, and a reduction in endothelium lining affecting the
integrity of blood vessels, bone, and other systems that depend on the nitric oxide (NO)
generated by shear forces, which are seriously reduced in GDS.
Central among these metabolic changes are insulin resistance, hyperlipidemia, decreased
fat oxidation, a shift in substrate use toward glucose, reduced protein synthesis, loss of
collagen, muscle atrophy with a shift in muscle-fiber type from slow to fast, ectopic fat
storage with fatty infiltration of the liver and bone marrow with a consequent form of
anemia, and reduced anabolic neuroendocrine secretions such as growth hormone,
testosterone, and leptin. Rapid bone loss with possible ectopic calcium deposits round off
the metabolic picture. Reduced sensitivity of sensory systems and reflexes, with decreased
sensitivity of central and peripheral balance and coordination systems, is a prime feature of
reduced gravity consequences as well. In addition, viral reactivation, immune deficiency
with resistance to antibiotics, inflammation, and a reduction in telomere length and
telomerase activity have all been observed.

Metabolism
Muscle, the chemical factory of the body, produces energy for the body’s needs. With
loss of muscle tissue, there is a negative protein balance; in HDBR studies of 7 to 14 days,
this begins with an acute decrease in protein synthesis followed by increased breakdown
(Leblanc et al. 2000). Body composition shifts as fat stores increase and infiltrate muscle
(Biolo et al. 2004; Krebs et al. 1990). Although humans obviously do not become obese in
space or during bed rest, energy requirements are reduced to the basal metabolic rate plus a
small percentage of calories needed for small residual movements and thermogenesis.
Prediabetic conditions with insulin resistance appear almost immediately with the onset
of bed rest or sitting. Reduced glucose tolerance and hyperinsulinemia in response to a
carbohydrate load and insulin resistance became evident within 3 days of bed rest
(Smorawinski et al. 2000; Yanagibori et al. 1994). This hyperinsulinemia and insulin
resistance probably occurs much sooner since it is seen within a few hours of sitting.
Duvivier and colleagues’ (2013) data show significant insulin resistance 30 minutes after a
glucose meal in subjects after 14 hours of sitting.
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Deprived of the daily challenge of gravity, metabolism is changed. The oxidation of fatty
acids is reduced as are enzymes needed for fatty acid metabolism, indicating a decreased
capacity to use fat for energy. Lipoprotein lipase (Bey and Hamilton 2003) and high-density
lipoproteins (HDL) decrease, whereas low-density lipoproteins (LDL) increase
(Bergouignan et al. 2011). Increased C-reactive protein blood levels and decreased glucose
transporter protein in gastrocnemius muscle biopsies have been measured in HDBR after as
few as 6 days of bed rest (Mikines et al. 1991). One possibility for the rapid onset of insulin
resistance with inactivity may result from liver disturbances or endothelial dysfunction.
Alternatively, increased inflammation and oxidative stress arising during bed rest or
inactivity could induce insulin resistance (Gratas-Delamarche et al. 2014).
Moving about in gravity has a major influence on the secretion of the anabolic growth
hormone (GH) that is so important in keeping up muscle mass. GH is reduced in space, in
HDBR, during prolonged inactivity, and with aging. GH that increases normally in response
to exercise is not increased by exercise during spaceflight nor during HDBR of 14 days’
duration. This response is still absent for at least 4 days after return to Earth or when
reambulating after bed rest.

Cardiovascular System, Fluid Shifts, Electrolyte Balance,
and Aerobic Capacity
Immediately on transitioning to microgravity in space or when lying down in HDBR, the
shift in hydrostatic pressure gradients within the cardiovascular system causes a
redistribution of body fluids, with increased perfusion in the upper regions and decreased
perfusion in the lower body. Increased filling of the heart and central circulation trigger
volume receptors and neuroendocrine, fluid, and electrolyte-regulating mechanisms
(inhibition of vasopressin and renin-angiotensin-aldosterone systems) resulting in diuresis
and natriuresis (Vernikos et al. 1993). Within 48 hours, plasma volume is reduced,
hematocrit is increased, and erythropoietin is inhibited, inducing a gradual decrease in red
cell mass and a resetting of blood volume by a 10% to 15% reduction (Dallman et al. 1984).
This results in decreased cardiac filling and cardiac mass that progresses to significant
change in heart shape and heart muscle atrophy (Levine et al. 1997).
Without the dynamic stimulation of the baroreceptors induced by changes in posture on
Earth, their sensitivity is compromised (Convertino et al. 1990). With greater venous
compliance of the lower extremities, which diverts blood away from the brain and heart,
peripheral vascular constriction is compromised, often leading to OH, an inability to
maintain blood pressure on standing or on return to Earth (Cooke and Convertino 2002).
Arteries no longer see the shear forces that stimulate arterial walls. Experiments in rats
deconditioned by aging or hind-limb suspension, the rat analog of HDBR and microgravity,
respond to reduced volume with diminished microvascular endothelial function. Rapid and
dramatic thinning, weakening, and stiffening of arteriolar walls appear when shear forces
and the resulting NO chemical signals that keep them responsive are reduced (Delp 2007;
Muller-Delp et al. 2002).
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In contrast, the same team found that chronic cephalic fluid shifts increased basal tone
and vasoconstriction of the middle cerebral arteries through activation of the eNOS
(endothelial nitric oxide synthase) signaling mechanism (Wilkerson et al. 2005). The
potential functional consequence of these vascular alterations with head-down tilt in rats is
regional elevation in cerebrovascular resistance and corresponding reductions in cerebral
perfusion. This is consistent with measurements of decreased cerebral blood flow in the
middle cerebral artery measured in humans with transcranial Doppler during HDBR (Sun et
al. 2005)
Astronauts returning from space, or volunteers after as little as 4 days of HDBR,
experience more than a 25% reduction in their maximal oxygen uptake ( O2max, aerobic
capacity). This reduction can be explained entirely by a decrease in cardiac filling and
stroke volume associated with lower circulating blood volume. The cardiovascular effect of
the reduction of the O2max on returning to 1 Gz is highlighted depending on posture
when tested with higher heart rates and lower stroke volumes measured when exercising
upright rather than supine.

Anemia
Reduced red cell mass and erythropoietin were one of the earliest observations in
spaceflight. Since then, an anemia sometimes called anemia of immobility has been
described in spinal cord injury or other lower-limb unloading causes in elderly people with
limited mobility, astronauts, and bed rest volunteers. It is characterized as low-grade,
chronic, normocytic, normochromic anemia with no obvious etiology other than
accumulation of fat in the bone marrow or a chronic inflammatory condition, both of which
can limit erythrocyte generation (Payne et al. 2007).

Musculoskeletal System
The sedentary lifestyle that comes beyond age 20, in space, or lying in bed result in the
deterioration of muscle quantity, quality, and metabolic function. Muscle strength, energy
balance, and bone health affect the ability to perform the daily tasks of living. Sedentary
lifestyle, even in healthy people, rapidly results in a setback in mobility and independence
that normally would come only with advancing age (Vernikos 2004). The frailty that comes
from steady bone loss that frequently leads to a greater incidence of fractures caused by
falls from loss of balance, muscle weakness, or torqued motions may lead to a downhill
health spiral compounded by additional immobilization.

Bone
Bone’s major role is to support the mechanical needs of the body to move. During
development, it grows by increasing in length. The size and shape of the mature skeleton is
influenced by the forces applied to it by moving within the 1 G environment. After
development peaks, the epiphyses close, youthful energy and activity begin to wane, and
bone is steadily lost until the appearance later in life of fragility, structural reorganization,
or osteoporosis (Schild and Heller 1982). Bone responds to loading in the Gz vector as well
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as to the tension that muscles, tendons, and ligaments apply with contracting muscles.
Blood flow, neuromuscular messages, contracting muscle, and endocrine and nutritional
factors all contribute to healthy and strong bones (Leblanc et al. 2000).
Bone formation is inhibited and bone resorption is increased in HDBR as well as in
space, primarily in the legs and spine. The absorption of calcium from the gut is also
reduced in HDBR as is the synthesis of vitamin D3 that is crucial to this absorption.
Intercellular signaling is an important physiological phenomenon involved in maintaining
homeostasis. In bone as in other tissues responsive to reduced gravity signals, intercellular
communication through chemical signals like NO plays a critical role in bone remodeling
(Bacabac et al. 2004). Under normal conditions, gravity loads bones mechanically and fluid
flows through minute channels in the bone matrix, resulting in shear stresses on the cell
membrane that activate the osteocyte. Activated osteocytes modulate both bone-forming
and bone-resorbing cell activity through NO-controlling bone mass and structure.
Therefore, here too the removal of shear forces and reduced NO production result in
impaired bone structure and remodeling (Klein-Nulend et al. 2014).
The observations of calcium and bone loss in astronauts in the early 1960s provided
motivation and funding to the understanding of the importance of gravity for bone health.
Even more significant was the impetus provided to the development of improved
measurement technology tools. Computer tomography used to measure bone mineral
density (BMD) in four cosmonauts who spent up to 7 months on the Russian space station
Mir showed that all had lost BMD, mainly from the posterior vertebra; dual X-ray photon
absorptiometry showed loss in the spine, femoral neck, trochanter, and pelvis of about 1%
to 1.6% per month and 0.3% to 0.4% per month in the legs and whole body, but no loss at
all in the forearm in 1- to 6-month missions (Sibonga et al. 2007).
A 4-year study on astronauts on the ISS (Keyak et al. 2009; Lang et al. 2004) showed
that on average they lost 11% (0–24%) of their total hip bone mass over the course of 4 to 6
months. Thus, better techniques and longer stays in microgravity are showing that unlike
what was previously thought, living in space accelerates 20-fold the normal rate of bone
loss that happens on Earth, for instance, with aging. In trying to assess the severity of such
BMD loss in these astronauts, what ultimately matters is how bone structure is affected.
They lost both trabecular (spongy layer) and cortical (outer layer) bone in the hip. A
gradient of mineral loss appears to begin at the lumbar spine and increase in the hip,
underlining the role of gravity in this pattern.
Studies have found remarkably similar losses in bone during bed rest as in space
(LeBlanc et al. 1990; Vico et al. 1987). Bone mineral content loss in the tibia of healthy
males after 90 days of bed rest largely recovered within 1 year and was estimated to be fully
recovered within 2 years with a structured, supervised exercise protocol. The initial
reaccrual rate of bone was remarkably high, as compared to that during the development
growth spurt, suggesting that the adult skeleton is capable of responding and readapting to
gravity (Rittweger and Felsenberg 2009).
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Muscle
In the microgravity of space, blood supply to the legs is reduced with reduced capillaryto-fiber ratio and reduced cross-sectional areas of both slow- and fast-twitch muscle fibers
of the vastus lateralis. The overall decrease in limb circumference has been used as a gross
index of atrophy.
Neuromuscular innervation to the legs is minimally activated because there is no
requirement for the legs to contract, leading the muscles to atrophy. Disuse of muscles and
unloading that comes from HDBR or increased sitting results in muscle atrophy and loss of
strength of skeletal muscles—a 13% reduction in calf muscle volume, particularly those
like the soleus (15% reduction over 6 months compared to 10% reduction in the
gastrocnemius) involved in supporting the body’s weight and erect posture, as well as
muscles in the spinal cord and neck, which are both chronically bent forward during sitting
and aging (Trappe et al. 2009; Vernikos 2004).
Across the velocity spectrum, force-velocity characteristics were reduced by 20% to 29%
in space as well as in HDBR. A shift in the myosin-heavy chain (MHC) fiber type of 12%
to 17% in both the soleus and the gastrocnemius, with a decrease in MHC I and
redistribution among faster phenotypes, indicated that together with the decrease in muscle
mass and performance, there was a shift from slow- to fast-twitch fiber type in both
muscles. This is a characteristic adaptation associated with unloading of any kind in
humans.
In a 90-day HDBR study, knee extensor and plantar flexor muscle volume decreased by
18% and 29%, respectively. Torque or force and power decreased by 31% to 60% (knee
extension) and 37% to 56% (plantar flexion); EMG activity decreased 31% to 38% and
28% to 35%, respectively (Alkner and Tesch 2004a; 2004b). Equally similar but smaller
changes in the back muscle groups were noted in a 17-week HDBR study (LeBlanc et al.
1992). These and similar studies collectively showed that antigravity extensors of the knee
and the ankle are the most affected.
Although no significant changes occur in anaerobic, glycolytic enzyme activities in
muscles after space flight, enzymes associated with aerobic metabolic pathways (succinate
dehydrogenase, citrate synthase, b-hydroxyacyl-CoA dehydrogenase) and the use of oxygen
are reduced in both slow- and fast-twitch muscle fibers.
The atrophy and fatigue of postural muscles can limit the ability to function during
simple standing. This significant loss of muscle structure and function can predispose
people to serious injury (Narici et al. 2003; Prisby et al. 2004) during physical activities.
The changes might render people incapable of carrying out routine tasks required for
normal living, such as standing, stair climbing, or simply getting out of bed.

Rhythms and Sleep
In space, one day and night are compressed into 14 90-minute cycles. The only time
continuous monitoring of body temperature (BT) was done in space in humans was with
astronaut Jerry Linenger aboard the Russian space station Mir. Even though in the
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spacecraft, the light–dark cycle is regulated at 24 hours daily, Linenger’s BT and alertness
rhythms, though normal for the first 90 days, thereafter (days 110 to 120) were considerably
weaker, with consequent disruption in sleep (Monk et al. 2001). These changes suggested
that gravity and light cycles work together to reinforce the signal needed to synchronize
sleep. Rhythm desynchronization, particularly internal uncoupling of rhythms such as BT
with heart rate (HR), has been seen in bed rest of 56 days (Winget et al. 1972) and usually
becomes evident after 20 days.

Balance and Coordination
In the microgravity of space, there is no up or down. Coordination of movement and
sensory organization of postural control are affected by this absence or reduction in
information from the inner ear and the proprioceptors, the cells and nerve endings in the
muscles, tendons, and joints that normally tell the body where it is relative to its
surroundings. Initial exposure results in conflicting information until the astronaut learns in
a couple of days how to move in space. Greater reliance on other senses, like vision and
hearing, take over until it is time to return to Earth.
Once back in Earth’s gravity, it is more difficult to maintain a steady gaze, measured by a
visual acuity test taken while walking on a treadmill. Peripheral vision is reduced. After
HDBR, stance and gait are also affected and resemble a 1-year-old’s—feet placed wide
apart to maintain balance, short, wide, often shuffling steps. Depth perception is affected,
and people have problems judging how to negotiate a corner. Rats flown for 14 days first
walk back on Earth by dragging the upper side of each foot before picking it up to place it
down. Posturography, which involves standing on a sway platform with eyes open or shut,
has proven a sensitive diagnostic test for the extent of balance issues (Paloski et al. 1993).
Healthy volunteers who spent 30 days of HDBR also show decreased stability, stand with
their feet wide apart, take small steps, walk with a careful wide gait, experience trouble
with corners, and have tender foot soles, just like astronauts.
\qqBegin special element\

Need for Gravity Challenges in Balance Control
The extent of this postural disability and the role living in microgravity plays was evident
even after 7 days in space on SLS-2 in 1993. Then-pilot Rick Searfoss was being tested post
flight on the platform for balance. With eyes shut, he fell forward without putting his arms
out and without, as he told us, experiencing any sensation of falling. Fortunately, his fall
was stopped. This reaction has been observed consistently since then. It underlines the
rapidity with which the lack of gravity reduces the sensitivity of G-sensing mechanisms in
the inner ear, proprioceptor systems, and associated brain pathways, as well as their
restoration. It also reinforces the need in daily life of challenging gravity continuously as a
basic requirement for maintaining the integrity of responses.
When Senator John Glenn took part in the 1998 flight on STS-95, he and the other much
younger astronauts (aged 38-42) took the platform test three times before and four times
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after the flight (Paloski et al. 2004). Before the flight, the ability of the 78-year-old Glenn to
control his posture in this test was well above average for his age group. After landing, his
postural stability was seriously compromised, but no worse than any of the others. They all
recovered by the fourth day after return.
\qqEnd special element\

Perceiving Gravity
A fine-tuned nervous system determines the body’s ability to respond. Achieving this
requires frequent stimulation, that is, a series of challenges with time allowed between them
for recovery. The frequency, intensity, and the pattern of the stimulus determine how
effective it will be in keeping all systems sharp. Such tuning keeps blood pressure sensors
sensitive and memory and reaction time sharp. Hormone and immune systems must be
responsive and balance and coordination of movement primed, ready to prevent a fall. Body
systems have evolved to use gravity as that stimulus. In space, this stimulus is absent or
below threshold, in bed rest minimized, and during sitting muted, though it is optimized
during development.
The human body perceives gravity in at least four ways. It is likely that all these
mechanisms are involved and interact in keeping the body tuned, responsive, and resilient
to changes in its relationship to the environment, direction, and acceleration (Vernikos
2004). Though these mechanisms interact, they may be affected differently among people
based on their history and characteristics of muscle strength, athletic ability, adaptability,
intact senses, prior experience, and the demands placed on them.

Hydrostatic Pressure
Fluids in the body shift with changes in relation to the direction of gravity. Fluids are
normally drawn to the feet in 1 Gz or shifted upward to the chest and head when gravity is
withdrawn. The fluid shifts contained within the closed cardiovascular system and their
consequences are discussed earlier. Proprioception is the most important sense for the
control of equilibrium since it is impossible to balance against gravity without it. The
subconscious awareness tells you where different parts of your body are located, both in
relation to one another and to the surrounding environment. It is what enables you to walk
without looking at your feet, to position yourself appropriately. A fast reaction is essential
to any sports performance.
Within the body’s complex neuromuscular system, there is two-way communication.
Proprioceptor sensors in the muscles relay information to the brain, which in turn feeds
back the awareness necessary for muscle and joint motion control. Their sensitivity is
dulled in reduced gravity in HDBR and is unused or less used in a sedentary lifestyle or in
the microgravity of space. Areas rich in proprioceptors include the palms of the hands, soles
of the feet, and the glutes. Pilots refer to “flying by the seat of their pants” as that sensation
of knowing where they are and how their plane is behaving as they take a turn “pulling Gs.”
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Increased sensitivity and tenderness of the soles of the feet is common after being in
space, in bed rest for periods as short as a week, or even after sitting for mere hours as in
care facilities. It is not uncommon in postsurgery rehabilitation. Some elderly people may
refuse to get out of their chair or bed, not because they cannot but because the soles of their
feet hurt.

Mechanotransduction
From birth, mechanical forces provided primarily by gravity are crucial to normal
development and evolution of the extracellular matrices found in connective tissue or its
loss (Silver et al. 2003). As body mass and its weight—a function of the gravity we live in
—increases, musculoskeletal tissues and other extracellular matrixes adapt their size to
meet increasing mechanical demands. Integrity theory and research (Ingber 2008) provide
the framework for understanding how external (push and pull) and internal mechanical
forces influence biological control at the molecular and cellular level. Molecules, cells,
tissues, organs, and our entire body use tensegrity architecture to mechanically stabilize
their shape and seamlessly integrate structure and function to all size scales. This explains
how, at a mechanistic level, intermittent mechanical forces applied externally, such as
vibration (Rubin et al. 2002; Rubin et al. 2007), movement or exercise, centrifugation
(Vernikos 2004), and push-or-pull or intermittent tension can influence cell and tissue
growth, biochemistry, and physiology (Pietramaggiori et al. 2007).
A key element in mechanotransduction relies on fluids within cells and organs, blood
vessels (endothelium), channels (bone), and the inner ear of the vestibular system, to name
a few, that use G-dependent shear forces generated by the swishing fluid to transmit signals
for chemical production of signals such as NO required to maintain tissue integrity.

Vestibular System
The control center of the perception of gravity is the inner ear’s vestibular system, an
elegant series of fluid-filled canals strategically positioned at roughly right angles to each
other. All share a common type of cell, a hair cell that receives and transmits information to
the brain about the movement of the head, up or down, side to side toward the shoulders, or
left and right. With each head movement, fluid swishes over the hairs. Depending on the
motion—up, down, left, right, or fast forward rotation—this makes them bend. This
bending sends signals to the brain’s vestibular nucleus and nerve fibers about the nature of
the motion, resulting in an internal representation of the position of the head relative to
gravity during the movement (see figure 2.2). The brain uses this information along with
messages from the other senses (sight, hearing, and touch proprioceptors) to tell muscles
what to do in order to maintain balance and stay upright. These representations, sometimes
referred to as brain maps, were once thought to be developed during development to last for
life. Astronauts showed us that these maps are G-dependent. They are erased in as little as
10 days in space and are rebuilt on return to normal locomotion on return to Earth. HDBR
has the same effect. Too much sitting or illness or injury that results in reduced mobility
would be expected to produce similar changes in the viability of these brain maps. It would
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therefore appear imperative for optimal mobility at any age to continually reinforce these
maps throughout life.

Figure 2.2 Fluid swishes over the hairs of the inner ear, which bend and send
signals to the brain through nerve fibers, resulting in an internal representation
of the position of the head relative to gravity during movement. This is
illustrated for (a) angular acceleration and (b) linear acceleration.

It was once thought that the main role of the vestibular system was strictly for balance
and coordination of gait, direction and acceleration of movement, as well as perception and
coordination with vision and the other senses. It is now clear that its control is much
broader.
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The vestibular system is crucial to the regulation of blood pressure and blood supply to
the brain in response to postural change and OH after space or HDBR. The sympathetic and
parasympathetic nerves are stimulated, leading to constriction or relaxation of blood vessels
for the purpose of maintaining blood pressure, speeding up or slowing down the heart, and
maintaining adequate perfusion of the brain to prevent fainting. Yates (2000) has elegantly
shown that in response to tilting, the vestibular system activates autonomic nervous system
pathways through vagal stimulation, bradycardia, and OH as well as muscle sympathetic
nerve stimulation to increase BP through noradrenergic mechanisms that maintain blood
pressure. Hyper- or hypoactivity of one or the other pathway determines the outcome, such
as OH after spaceflight or HDBR.
More recently, studies have indicated that the vestibular system is also involved in other
G-sensitive systems affected by space or HDBR, such as bone and muscle. Vestibular
lesions in rats resulted in significant bone loss of weight-bearing bones with reduced bone
formation (Vigneaux 2013). The bone loss did not result from reduced locomotor activity or
metabolic changes, but was related to sympathetic outflow. Similarly, vestibulo-autonomic
mechanisms were shown to be involved in antigravitational soleus muscle atrophy in
response to neurovestibular deafferentation. These included high yields of hybrid fiber
formation and reduced NFATc1 accumulation as signs of slow-type myofiber atrophy (Luxa
et al. 2013). Prolonged but not short-term bed rest may also affect responses by attenuating
the sensitivity of the vestibular-sympathetic reflex itself (Dyckman et al. 2012).

Gravity Intervention Design and Implementation
Counteracting the consequences of GDS is literally child’s play. The simplest answer to
how best to use gravity is to mimic a child at play. Like a child, you need to move all day
long, whether you exercise once a day or not. Applying motor skills now advocated for
young children (Robieson et al. 2012)—squatting, jumping, kicking, and throwing—makes
for beneficial lifetime habits. Understanding how the system works further raises awareness
of the most effective G-interventions.
The principles and hypotheses presented here provide a basis for developing a range of
solutions to the health consequences of a sedentary lifestyle. Movement of any kind is
good. Focusing on keeping the gravity-sensing and control systems sharp and responsive is
optimal. G-tuning of this sort forms the foundation of resilience and mobility. It also leads
to obvious practical solutions. Traditional exercise for endurance and strength could and
should be added to this foundation.
Gravity stimulation, such as with gravity machines, may be directly provided by the
following:
• Centrifuge or human powered centrifuge. Centrifuges provide acceleration and gravity to
those who cannot stand up on their own. They also provide hypergravity for added
stimulation. You can lie down on a spinning wheel and get whole body weight training.
• GyroGym. This is a three-ring gimbaled device powered by the rider to control pace and
movement with slight shifts in body weight. There is no motor involved. You drive it by
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your movement. Your motion moves the rotor, which spins about its axis. Movement can
be head up, down, or at any angle. The other two axes also create a harmonic motion
alternating motion and relaxation. Most space museums or space centers (Kansas,
Houston, or Amsterdam) have one. They are also available commercially.
• Vibration. Not all vibrators are created equal. In fact, most do not provide sufficient
frequency and strain to have any effect. The Galileo, designed to help European
astronauts maintain bone strength, meets the requirements as does the HyperVibe from
Australia.
Several studies suggest that the rate of the mechanical strain is more important to bone
formation, for instance, than static Gz loading (as in standing) or the magnitude of the
strain. Bone exposed to vibration, for instance, or exercise responds better to faster stimuli.
Bone cells exposed to vibration stress over a wide range of frequencies from 5 to 100 Hz
released more NO at the highest acceleration rate (Bacabac et al. 2006; Rubin et al. 2002).
The increase in NO—the signaling molecule in osteocytes—correlated linearly to the rate
of fluid shear stress in bone cells, calyculi. This resulted through the expression of several
mechanosensitive genes such as ALP, runx2, osteomodulin, parathyroid hormone receptor
1, and osteoglycin. In vivo studies provided evidence that the rate of strain or movement is
more important to building bone than the amplitude or power required. Low magnitude
(<10 microstrains), high-frequency (10-100 Hz) loading has been found to stimulate bone
growth and decrease disuse osteoporosis (Rubin et al. 2002). Detailed discussion on gravity
machines can be found in The G-Connection: Harness Gravity and Reverse Aging
(Vernikos 2004).
Since the G-vector is unidirectional, it is the movement and orientation we make in
relationship to this vector that provide the physiological benefit. No movement equals no
stimulation. Most benefit comes from movement in relationship to gravity and challenging
Gz:
• Vertical jumping games make the most of the Gz vector. The greater the vertical
trajectory, the greater the gravity load. Moving from a squat to a full jump can generate 6
G, jumping on a trampoline 4 to 4.5 G, and skipping rope, playing hopscotch, or doing
jumping jacks could generate 2.5 to 3 G. Lower levels are attained during walking,
bending over, reaching up, dancing, doing housework, and gardening.
• In addition to the level of gravity, the benefit of vertical shifts comes from the alternating
change in posture signal that such movement around the gravity vector provides through
major shifts in blood flow to the head and limbs. Work attitudes and environments
should be changed to discourage sitting and encourage standing up often.
• Equally, moves that involve balance and coordination, acceleration, and stop-and-start
motions of low intensity but high frequency, such as skating, dancing, squatting and
standing, walking, hiking, and biking, can provide challenging and change-in-direction
motion. Daily practices such as tai chi and yoga, qigong, or foundation training can help
align with the Gz vector, improve posture, or increase vestibular system sensitivity.
• Adding an occasional G-dependent social sport, such as the rhythmic motion of riding,
tennis, golf, dancing, sprinting, skiing, sailing, in-line skating, or snowboarding, is also
beneficial.

65

Acceleration is G-dependent. It also is a fundamental source of fun, thus enhancing the
G-stimulating value. Any playground provides fun and G-stimulation. Next time you are
bored, try a swing for great vestibular stimulation. Germany and Finland have playgrounds
for seniors. Merry-go-rounds and roller coasters are great gravity machines. In-line skating,
ice skating, juggling, skiing, and snowboarding all depend on a good sense of gravity.
Today, numerous technologies are available that trigger self-awareness, including alerts
of time spent sitting, accelerometers to measure gravity value, seating that encourages good
Gz posture or core building like the Swopper chair, or variable height stand-up desks that
move up and down with you in preprogrammed intervals
Opportunities to move throughout the day are virtually unlimited, whether at home or at
work. Studies in astronauts and healthy bed-confined volunteers collectively indicated that
solutions to the sitting problem should encourage frequently interrupting sitting throughout
the day every day, rather than interrupting rest once a day every few days or weeks. It
appears that the Gz-stimulus of posture change may be crucial to the benefits of any activity
that follows. It also suggests that the response to activity or inactivity (as in GDS) may be
G-mediated. Identifying the mechanism of the consequences of uninterrupted sitting as Grelated leads to creative technological options and combinations. Virtual environments
perhaps could be enriched with vibration or motion.

Summary
Sitting for periods longer than 1 hour at a time is an independent risk for poor health and
premature aging. Long hours of uninterrupted sitting are not the opposite of continuous
standing, nor are they the same as lack of exercise once a day.
Research in reduced gravity environments or inadequate use of gravity has shown that
the body declines rapidly when G-deprived; such as in sitting excessively, lying in bed, or
living in the microgravity of space. Research shows that conditions of relative gravity
deprivation from sitting and lying down, the reduced mobility of aging and other reduced
mobility conditions, and the relative weightlessness of space are on a continuum on the
gravity scale, and respond in a uniformly similar way to gravity deprivation. This response
is characterized by a broad underlying metabolic dysfunction, as evidenced by insulin
resistance, insulin-mediated inflammation, oxidative stress, ectopic fat storage, and organ
infiltration. Disturbed substrate oxidation affects not only mobility but health in general.
A silent or reduced input to the vestibular system will not transmit normal G-mediated
stimulus directives to bone, muscle, and metabolic pathways. Instead, the response may be
an alert, triggering defenses through inflammation and shutting down peripheral systems.
Based on the pivotal role of G-sensing balance regulating systems and of the vestibular
system in particular, it is proposed that the single common pathway for GDS is centered on
or heavily involves vestibular-autonomic pathways. Effective treatment would entail lowintensity, high-frequency activities throughout the day every day, perpetual motion with
enhanced gravity use, acceleration activities, and frequent change in posture, balance, and
coordination. All of us suffer from some degree of GDS, and an assessment of GDS status
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should form part of patient history. The solution is not exercising once a day but rather
moving frequently throughout the day, every day of the week. This can be achieved only by
turning G-using movement into habits. Interrupting sitting by simply standing frequently
every 10, 20, or 30 minutes throughout the day is a powerful antidote, as well as the most
efficient way of using gravity.
\qqBegin special element\

Key Concepts
• Bed rest: Used to study the effects of reducing the influence of gravity on the body from
1 Gz (perpendicular force pulling head to toe) to Gx (pulling across the chest) in healthy
human volunteers lying in bed continuously in a horizontal position.
• Gravity deprivation syndrome: The set of physiological changes resulting from
reduced influence of gravity, either by living in reduced gravity or microgravity (as in
space) or in conditions where the effect of gravity is reduced, by changing the orientation
of the body to gravity (Gx), sitting in the buoyancy of water as in immersion, or not
using gravity by not moving against the force of gravity.
• Force of gravity: On Earth, this is attributed a 1 G value.
• Head-down bed rest: Used to study changes that are even more similar to spaceflight
than horizontal bed rest in healthy volunteers, who lie continuously in bed at a −6° headdown position.
• Microgravity: The reduced gravity experienced in Earth orbit that is approximately
10¯⁵G.

Study Questions
1. What are the clinical consequences of sitting and what is the evidence?
2. How does gravity relate to sitting?
3. How can we be deprived of gravity on Earth and what can we do about it?
4. What is gravity deprivation syndrome (GDS) and what conditions can you think of
that might produce it?
5. What are the primary physiological consequences of GDS that lead to clinical
conditions?
6. What is the relationship of gravity to health and fitness?
7. If you were to prescribe a program to counter the effects of sitting, what would you
recommend based on the concepts presented here?
8. What do you understand by body tuning? What activities would best represent what
you were trying to achieve?
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Chapter 3
Physiological Effects of
Reducing and Breaking Up
Sitting Time
David W. Dunstan, PhD; Bethany J. Howard, B Ex Sport Sci, Hons; Audrey
Bergouignan, PhD; Bronwyn A. Kingwell, PhD; and Neville Owen, PhD
\qqBegin special element\
The reader will gain an overview of the physiological implications of sedentary behavior
with a specific focus on the emergence of recent human experimental studies examining
potential causal relationships and effective solutions for mitigating the adverse health
consequences of prolonged sitting. By the end of this chapter, the reader should be able to
do the following:
• Better understand the scientific, public health, and clinical benefits of reducing sitting
time
• Identify key aspects of study design, control conditions, and methodologies required for
human experimental studies on the physiological implications of reducing sitting time
• Describe recent human experimental studies on the physiological implications of
reducing and breaking up sitting time
• Identify directions for future research on the potential biological mechanisms that
underlie sedentary behavior and health
\qqEnd special element\
The rapid accumulation of epidemiological evidence over the past decade indicating that
time spent in sedentary behavior (sitting) is a distinct risk factor for several adverse health
outcomes has stimulated broad scientific interest on sedentary behavior and health. As
highlighted in several reviews in the last 10 years (Dunstan, Howard, et al. 2012; Owen et
al. 2009; Owen et al. 2010; Thorp et al. 2011), a high priority for the sedentary behavior
and health research agenda is to generate new evidence from human experimental studies
on the benefits of reducing and breaking up sitting time and to better understand potential
biological mechanisms underlying the associations of sedentary behavior or sitting time
with adverse health outcomes. As demonstrated by the significant contributions of exercise
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physiology studies to informing public health and clinical exercise guidelines, human
experimental evidence is essential for informing and targeting prevention efforts to reduce
the deleterious health effects of this highly prevalent risk behavior.
Reviews by Hamilton and colleagues (2004; 2007) have highlighted the need for studies
to examine the potentially unique molecular, physiological, and clinical effects of engaging
in too much sitting and, alternatively, the potential effect of increases in nonexercise
movements (described as inactivity physiology), separate from the responses elicited
through structured exercise (exercise physiology). The authors proposed the concept that
some of the specific cellular and molecular processes explaining the responses during
inactivity versus adding vigorous exercise training on top of the normal level of nonexercise
activity are qualitatively different from each other and that maintaining daily low-intensity
postural and ambulatory activity may significantly mitigate the detrimental effects induced
by inactivity. To support this concept, the authors presented the emerging evidence from a
series of animal experimental models indicating that the activity of some health-related
proteins in skeletal muscle, such as lipoprotein lipase (LPL), is rapidly suppressed during
inactivity (reduced standing or low-intensity ambulation). In contrast, protein activity is
profoundly influenced by lower-intensity muscle contractile effort more than by intense
exercise training.
Additionally, significant scientific efforts have been directed at understanding the
physiological, clinical, and molecular effects of imposed or enforced physically inactive
states (e.g., bed rest, reductions in habitual stepping, space flight). Collectively, these
studies have provided unique insights into the potential causal relationship and possible
underlying mechanisms through which physical inactivity may contribute to chronic disease
development. Recent reviews have provided an extensive account of the evidence generated
so far on the many physiological responses related to imposed physical inactivity (see
Bergouignan et al. 2011 and Thyfault and Krogh-Madsen 2011), including a reduced
capacity to use fat as a substrate or produce ATP, muscle atrophy, a shift in muscle fibers
toward fast-twitch glycolytic type, muscle insulin resistance, ectopic fat storage, and
increased central and peripheral adiposity.
Our key purpose here in this chapter is to examine the effect of reducing and breaking up
sitting time and the likely influence on health of doing so. This focus is in keeping with
recently revised public health guidelines for physical activity that have highlighted the
importance of not only engaging in regular moderate- to vigorous-intensity physical
activity, but also reducing sedentary time. Specifically, the UK (Davies et al. 2011) and
Australian (Australian Government 2014) physical activity guidelines advocate minimizing
sitting for prolonged or extended periods, with the Australian guidelines further
recommending breaking up sitting time as often as possible. Within this operational
framework, we have identified three fundamental considerations for human experimental
models targeting the reduction and breaking up of sitting time, all of which will affect the
relevance of the knowledge for population health initiatives aimed at chronic disease
prevention:
1. Evidence from population studies that have employed accelerometer (and more
recently, inclinometer) assessment of active versus sedentary and sitting patterns
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indicates that time spent in sedentary behavior dominates the typical daily life of the
average adult (Healy et al. 2008) (figure 3.1). As such, there is strong rationale for
experimental studies to focus on addressing (i.e., reducing) the current behaviors of a
large proportion of the population—that is, sitting for very high volumes of time.
2. We acknowledge the nuance between experimental models comparing normal activity
to imposed or enforced physical inactivity versus those experimental models directed
at reducing and breaking up sitting time. As we illustrate in figure 3.2, a key
distinction is that the imposed or enforced physical inactivity approach is a model of
transitioning from an active state (typically young, healthy, active people) to an
inactive or less active state (e.g., bed rest, reductions in habitual stepping); this
approach is essential for understanding the physiological consequences of inactivity.
In contrast, we argue that experimental models of reducing and breaking up prolonged
sitting are more solutions focused; that is, they investigate the effects of transitioning
from an inactive (sitting) to an active (reduced or non-sitting) state. This latter model
is considered to be less extreme than previous bed rest models, and it is likely to have
high relevance to the large proportion of the population in which sitting time, not
active time, predominates.
3. For most people, a large proportion of their waking hours—following breakfast,
lunch, and the evening meal, plus between-meal snacking—coincides with the
postprandial state (i.e., after the meal) rather than the fasted state. Given that up to
three-quarters of each day can be spent in a postprandial state, examination of the
effects of prolonged sitting and reduced sitting in the postprandial state has high
relevance to the daily-life scenario for the majority of the adult population. This third
consideration is central to understanding the health risks of sedentary behavior. It is
well documented that daily ingestion of high-calorie meals—rich in processed
carbohydrate and saturated fat—can lead to transient spikes in glucose and lipids,
which promote metabolic and oxidative stress that triggers a biochemical
inflammatory cascade, endothelial dysfunction, and sympathetic hyperactivity. Since
such postprandial excursions, when repeated multiple times each day, can create a
milieu conducive to the development of cardiometabolic diseases, in a solutionsfocused research approach, it is important to investigate lifestyle modifications that
may be effective for reducing exaggerated postprandial dysmetabolism.

Figure 3.1 Objectively measured (inclinometer) distributions of sitting time,
standing time, and stepping time during waking hours in the 698 Australian
adult (36-80 years) participants from the 2011/2012 Australian Diabetes,
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Obesity and Lifestyle Study (AusDiab3) who wore the posture-based
ActivPal3 activity monitor for at least 1 day.

MOCK-Thanks to G. Healy, University of Queensland.
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Figure 3.2 Simplified schematic depicting the distinction between an
experimental model comparing normal physical activity to imposed or
enforced physical inactivity versus an experimental model focusing on
reducing and breaking up sitting time through replacing sitting with standing
or ambulation.

Methodological Considerations for Studies of
Sedentary Behavior
As for all human physiological investigations, it is important to conduct protocols under
controlled environmental conditions in order to well observe the effects induced by the
intervention free of any confounding effects. In the case of metabolic studies, control of
ambient temperature, pressure, sleeping pattern, energy input in terms of both quality and
quantity, and energy outputs are factors that need to be taken into consideration. Although
temperature, pressure, and daylight are unlikely to be altered in a laboratory facility, diet
and physical activity can vary considerably and have a huge effect on the obtained results.
In the sidebar Key Methodological Considerations, we have identified some of the
methodological considerations in relation to conducting experimental studies on reducing
and breaking up sitting time. Understanding these pertinent methodological considerations
from the studies conducted so far is essential for identifying where current gaps exist and
shaping future experimental studies in this field.
\qqBegin special element\
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Key Methodological Considerations
• Inclusion criteria consistent with active and sedentary patterns observed in populationbased surveys
• Familiarization with testing procedures prior to experimental conditions
• Standardization and control of physical activity and exercise
• Standardization and control of dietary intake
• Standardization and control of energy balance
\qqEnd special element\
In this chapter, we provide a summary synthesis of the key studies that have sought to
understand the influence of reduced states of sitting on indicators of cardiometabolic health.
Accordingly, we considered only those studies in which exposure to prolonged sitting
within the experimental condition was explicitly detailed or those studies that compared
reduced sitting to prolonged sitting. For this summary, we have concentrated only on those
studies that have examined the effects on cardiometabolic risk factors.
The studies described in this chapter have employed experimental conditions involving
short-term exposures to prolonged sitting or reduced sitting conditions (range: 2 to 24 hr),
with the exception of two studies that have investigated the effects of the experimental
conditions over repeated days (up to 5 days) (Duvivier et al. 2013; Thorp et al. 2014). Most
of the studies identified have examined participants with younger mean ages (< 30 years);
only one study was undertaken in older adults (>65 years) (Van Dijk et al. 2013). In general,
normal weight adults have been examined, although seven studies focused on overweight or
obese adults (Blankenship et al. 2014; Dunstan, Holmstrup et al. 2014; Howard et al. 2013;
Kingwell, et al. 2012; Larsen et al. 2014; Lunde et al. 2012; Thorp et al. 2014) and one
investigated overweight or obese men with type 2 diabetes (Van Dijk et al. 2013). Eleven
studied both male and female participants (Bailey and Locke 2014; Blankenship et al. 2014;
Buckley et al. 2013; Dunstan, Kingwell, et al. 2012, Duvivier et al. 2013; Holmstrup et al.
2014; Howard et al. 2013; Larsen et al. 2014; Peddie et al. 2013; Thorp et al. 2014;
Stephens et al. 2011), two studied male participants only (Miyashita et al. 2013; Van Dijk et
al. 2013), and two studied female participants only (Nygaard et al. 2009; Lunde et al. 2012).
None however studied gender differences. Most conducted the experimental conditions in a
laboratory-based setting; three studies utilized the workplace setting (Blankenship et al.
2014; Buckley et al. 2013; Nygaard et al. 2009), while another undertook the experimental
condition in the free-living condition (Duvivier et al. 2013). With one exception (Buckley et
al. 2013), all utilized a randomized crossover study design in which the experimental
conditions have been applied in a counterbalanced approach.

Methodological considerations for these key studies include the following:
• Inclusion criteria. Volunteers characterized as being insufficiently active (i.e., not
meeting minimum recommended physical activity levels) were included across all but
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two (Holmstrup et al. 2014; Stephens et al. 2011) of the studies, although a number did
not describe the pre-experiment activity levels of participants. In concordance with the
high frequency of sitting time observed in population studies, five studies specifically
targeted volunteers employed in sedentary occupations (Blankenship et al. 2014;
Dunstan, Kingwell, et al. 2012; Nygaard et al. 2009; Peddie et al. 2013; Thorp et al.
2014).
• Familiarization with testing procedures prior to experimental conditions. Several studies
(Bailey and Locke 2014; Blankenship et al. 2014; Dunstan, Kingwell, et al. 2012;
Holmstrup et al. 2014; Miyashita et al. 2013; Peddie et al. 2013; Stephens et al. 2011;
Van Dijk et al. 2013; Thorp et al. 2014) used a familiarization session as an additional
control measure in the lead-in to the experimental conditions. Typically, this involved
familiarization with the testing equipment and experimental protocols (e.g., treadmill
walking) or preliminary testing to ascertain individualized workloads at the appropriate
intensity to be applied within experimental conditions.
• Standardization and control of physical activity and exercise. All studies restricted
nonexperimental exercise within the preceding 24 to 72 hours of each trial condition.
Intensity of activity during the experimental conditions in some trials was prescribed
based on aerobic fitness testing (Blankenship et al. 2014; Miyashita et al. 2013; Peddie et
al. 2013; Van Dijk et al. 2013), leading to a relative intensity depending on the exercise
capacity of each subject (Dunstan, Kingwell, et al. 2012; Duvivier et al. 2013; Lunde et
al. 2012; Nygaard et al. 2009; Stephens et al. 2011) and resulting in a same absolute
workload for all study participants regardless of their individual fitness. To ensure
compliance and to monitor and potentially control for any activity-induced variability,
six studies incorporated objective monitoring of sedentary and physical activity patterns
during and between conditions (Blankenship et al. 2014; Dunstan, Kingwell, et al. 2012;
Duvivier et al. 2013; Miyashita et al. 2013; Stephens et al. 2011; Thorp et al. 2014).
• Standardization and control of dietary intake. Diet, including alcohol and caffeine
consumption, can induce varied metabolic responses. Any differences in the diet of
participants can mask the effect of physical activity on metabolism or induce high
interindividual variability. Diet-induced variability was minimized in four studies
through the provision of one or several standardized test meals prior to each
experimental condition (Dunstan, Kingwell, et al. 2012; Stephens et al. 2011; Thorp et
al. 2014; Van Dijk et al. 2013). In other studies, participants were instructed to replicate
their diet based on 24-hour dietary records prior to condition one (Buckley et al. 2013;
Holmstrup et al. 2014; Miyashita et al. 2013; Peddie et al. 2013) or to keep their diet as
similar as possible (Duvivier et al. 2013; Lunde et al. 2012; Nygaard et al. 2009). All but
three studies (Blankenship et al. 2014; Lunde et al. 2012; Nygaard et al. 2009) restricted
alcohol intake for at least 24 hours, while several studies also restricted caffeine intake
(Bailey and Locke 2014; Dunstan, Kingwell, et al. 2012; Holmstrup et al. 2014;
Stephens et al. 2011; Thorp et al. 2014).
During the experimental conditions, standardized test meals (Blankenship et al. 2014;
Buckley et al. 2013; Lunde et al. 2012; Miyashita et al. 2013; Nygaard et al. 2009;
Stephens et al. 2011; Van Dijk et al. 2013) or liquid meals (Bailey and Locke 2014;
Dunstan, Kingwell, et al. 2012; Holmstrup et al. 2014; Peddie et al. 2013; Thorp et al.
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2014) were provided to examine postprandial responses. Most of these respected the
macronutrient composition recommended by the World Health Organization (i.e.,
55% carbohydrate, 30% fat, and 15% protein of total energy intake). Marked
variations in the macronutrient composition can however challenge metabolism and
enhance variations in metabolic postprandial response. With this in mind, two studies
opted for a high-carbohydrate, high-fat liquid meal used as a combined oral glucose
and fat tolerance test (Bailey and Locke 2014; Dunstan, Kingwell, et al. 2012; Thorp
et al. 2014).
• Standardization and control of energy balance. In addition to food quality, the quantity
of food provided can affect metabolism and physiology. Energy balance is defined as the
relationship between energy intake and energy output. When energy intake is greater
than energy expenditure, individuals are overfed and will gain weight over the long term.
On the contrary, when energy intake is lower than the amount of energy expended, the
system is in energy deficit, which results in weight loss over time. In studies that
manipulate physical activity (i.e., one of the two sides of the energy balance equation), it
is evident that tightly controlling food intake is of great importance in data interpretation.
So far very few studies, however, have considered energy balance within their designs.
Stephens and colleagues (2011) factored in energy balance by comparing the relative
effects of 1 day of sitting with or without a concomitant reduction in energy intake
(leading to energy balance or surplus) to the day of minimal sitting. Blankenship and
others (2014) factored in energy balance by matching total daily energy expenditure
across two of the conditions (continuous walking bout and frequent long breaks ~ 300
kcal), with the third (frequent short breaks) having a lower energy expenditure. By doing
so, these studies avoided the effect of overfeeding as a confounding factor.
The early insights obtained from the human experimental studies described are
promising, showing that the various strategies that have specifically compared prolonged
sitting to reduced states of sitting and the breaking up of prolonged sitting time can elicit
favorable changes in cardiometabolic biomarkers, at least in the short term. In particular,
several studies have demonstrated a positive influence on postprandial glucose and insulin
responses, while some have demonstrated improved responses in blood pressure, lipids, and
hemostatic markers.
\qqstart marketing excerpt 1: Metabolic Effects of Reduced Sitting, include table\

Metabolic Effects of Reduced Sitting and the
Postprandial State
Several studies have investigated the effects on cardiometabolic biomarkers of short
episodes (2- to 9-hr, single-day experiment) of prolonged uninterrupted sitting versus
various manipulations of reduced sitting during the postprandial period. Although the
findings from the experimental studies that have specifically addressed the cardiometabolic
consequences of prolonged sitting and reduced sitting are promising, there is still a clear
need for the development of further high-quality research evidence. In addition to
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examining the effect of longer-term exposures (i.e., weeks or months), the various
perturbations in the frequency (high versus low), length (short versus long), and type
(ambulation versus standing) of activity interruptions to prolonged sitting and interactions
with moderate- to vigorous-intensity physical activity, dietary intake, and meal patterns
need to be examined.
Furthermore, there are likely to be effects of reducing and breaking up sitting time on
multiple body tissues, organs, and systems (e.g., vascular and hemodynamic mechanisms,
cognitive function, musculoskeletal adaptations). Establishing the dose–response
relationships among interrupting sitting, risk markers, and physiological adaptations also
has the potential to inform further work in specific disease groups—for example, among
patients with hypertension, peripheral artery disease, osteoarthritis, overweight and obesity,
metabolic syndrome and diabetes, and cognitive impairment, and among those with
elevated thrombotic risk.

Prolonged Slow Walking Post Meal
Within the work-office setting, a randomized crossover trial by Nygaard and colleagues
(2009) investigated the capillary (finger-prick) blood glucose response to a carbohydraterich meal over a 2-hour period (see table 3.1). The study compared, in healthy women aged
>50 years, uninterrupted sitting to reduced sitting achieved through initial 15- and 40minute bouts of slow, very light walking followed by sitting. The 40-minute walking
condition, but not the 15-minute walking condition, induced a significant decrease in the 2hour incremental glucose area under the curve (AUC), leading the authors to suggest that a
dose response between the duration of slow walking (and the resultant increase in energy
expenditure) and reductions in postprandial glycemia may exist. However, a subsequent
study by Lunde and others (2012) using a similar study design and methodologies in female
Pakistani immigrants (most of whom had abnormal glucose tolerance) demonstrated
reductions in the 2-hour incremental area under the curve for both the 20-minute (by
30.6%) and 40-minute (by 39.0%) walking conditions relative to the control day. A
significant reduction in systolic blood pressure was also observed after the 40-minute
walking condition. The discrepancies between these results in these two studies suggest that
a greater workload in terms of duration of the bout of activity or in terms of energy
expenditure is required in metabolically unhealthy people. An interaction between extrinsic
factors (i.e., physical activity) and genetic background (Caucasians versus Asians) may also
influence the dose–response relationship between physical activity and metabolic health.

Table 3.1 Reduced Sitting Through Prolonged Slow Walking Post Meal
Experimental conditions
<tsp>Nygaard 2009

Findings
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<tnl>1. Seated office work: 120 min

x

2. Slow walking: 15 min walk, 105 min sit

VS condition 1
↑ time to peak glucose

3. Slow walking: 40 min walk, 80 min sit

VS condition 1
↓ 2 hr glucose iAUC by 31.2%
↑ time to peak glucose

<tsp>Lunde 2012
<tnl>1. Sit: 120 min

x

2. Slow walking: 20 min, 100 min sit

VS condition 1
↑ time to peak glucose
↓ 2 hr glucose iAUC by 31%

3. Slow walking: 40 min, 80 min sit

VS condition 1
↓ 2 hr glucose iAUC by 39%
↑ time to peak glucose
↓ postprandial glucose peak
↓ 2 hr systolic BP
VS condition 2
↓ postprandial glucose peak

iAUC = incremental area under the curve, BP = blood pressure, VS = versus (i.e., control
condition 2 versus control condition 1)
\qqend marketing excerpt 1\

High-Frequency Brief Activity Bouts
Building on the observational-study findings showing beneficial health associations with
breaking up sedentary time, Dunstan, Kingwell, and colleagues (2012) conducted an
experimental study with overweight middle-aged adults (see table 3.2). In a randomized
crossover trial, they examined the effects of uninterrupted sitting compared with sitting
interrupted by short 2-minute bouts of activity (either light- or moderate-intensity treadmill
walking) on postprandial glucose and insulin levels (Dunstan, Kingwell, et al. 2012),
hemostatic markers (Howard et al. 2013), and blood pressure (Larsen et al. 2014). Relative
to the uninterrupted sitting condition, significant reductions of a similar magnitude were
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observed in the 5-hour incremental glucose and insulin area under the curve and systolic
and diastolic blood pressure in both of the activity break conditions. The significant
increase in plasma fibrinogen with prolonged sitting was attenuated only in the lightactivity break condition. Notably, no statistically significant differences between the two
activity conditions were observed, supporting the hypothesis that brief interruptions to
sitting time with a minimum of light-intensity physical activity can attenuate acute
postprandial glucose and insulin and blood pressure responses during prolonged sitting.
This suggests that many of the benefits of breaking up sitting time occur at a relatively low
threshold in terms of activity intensity. These insights into the possible benefits of activity
behaviors considered to be at the lower end of the physical activity spectrum (i.e., breaking
up of sitting time via light-intensity physical activity) provided the initial foundation for
future physiological research endeavors that are distinct from the traditional approaches
employed within exercise physiology–type studies.

Table 3.2 Reduced Sitting Through High-Frequency Brief Activity Bouts
Experimental conditions

Findings

<tsp>Dunstan, Kingwell, et al. 2012, Howard 2013, Larsen 2014
<tnl>1. Uninterrupted sit: 300 x
min
2. Sit + light-intensity activity VS condition 1
breaks: 14 × 2 min light walk, ↓ 5 hr glucose iAUC by 24%
272 min sit
↓ 5 hr insulin iAUC by 23%
↓ plasma fibrinogen
↓ hematocrit, hemoglobin, and red blood cell count
↑ plasma volume
↓ systolic BP by 3 mmHg
↓ diastolic BP by 3 mmHg
3. Sit + moderate-intensity
activity breaks: 14 × 2 min
moderate walk, 272 min sit

VS condition 1
↓ 5 hr glucose iAUC by 30%
↓ 5 hr insulin iAUC by 23%
↓ 2 hr insulin by 37 pmol/L
↓ hematocrit, hemoglobin, and red blood cell count
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↑ plasma volume, mean platelet volume, and white cell
count
↓ systolic BP by 2 mmHg
↓ diastolic BP by 2 mmHg
VS condition 2
No significant effects
iAUC = incremental area under the curve, BP = blood pressure, VS = versus (i.e., control
condition 2 versus control condition 1)

Continuous Post-Meal Exercise Bout or Brief Activity
Bouts
In the largest experimental study on prolonged sitting undertaken to date, Peddie and
colleagues (2013) investigated the effects of regularly breaking up prolonged sitting with
activity over a 9-hour period in 70 healthy younger adults of normal weight (see table 3.3).
A meal-replacement beverage was provided at 1 hour, 4 hours, and 7 hours. In a novel
approach, the effects of interrupting prolonged sitting with frequent short bouts of brisk
treadmill walking every 30 minutes over the 9-hour period were also compared to a
condition whereby participants walked briskly for 30 minutes and then sat continuously for
the remainder of the condition. Of note, these two conditions were isocaloric (i.e., a similar
amount of energy was expended), since participants worked out for a total duration of 30
minutes at an exact same intensity. Consistent with the findings from Dunstan, Kingwell,
and colleagues (2012) in overweight adults, the regular brief interruptions to prolonged
sitting lowered 9-hour postprandial plasma glucose and insulin concentration relative to
prolonged sitting. Notably, the regular activity breaks condition was shown to be more
effective than sitting preceded by a continuous bout of physical activity at lowering both
postprandial glucose and insulin; in contrast, the 9-hour triglyceride postprandial
concentration was higher with the activity breaks condition relative to the continuous
physical activity bout condition. Further studies are required to elucidate the differential
effects of breaking up sitting time and continuous moderate- to vigorous-intensity physical
activity on the relative consumption of glucose and fat throughout the day.

Table 3.3 Reduced Sitting Through Continuous Post-Meal Exercise Bout or
Brief Activity Bouts
Experimental conditions

Findings

<tsp>Dunstan, Kingwell, et al. 2012, Howard 2013, Larsen 2014
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<tnl>1. Uninterrupted sit: 300 min

x

2. Sit + light-intensity activity
breaks: 14 × 2 min light walk, 272
min sit

VS condition 1
↓ 5 hr glucose iAUC by 24%
↓ 5 hr insulin iAUC by 23%
↓ plasma fibrinogen
↓ hematocrit, hemoglobin, and red blood cell count
↑ plasma volume
↓ systolic BP by 3 mmHg
↓ diastolic BP by 3 mmHg

3. Sit + moderate-intensity activity VS condition 1
breaks: 14 × 2 min moderate walk, ↓ 5 hr glucose iAUC by 30%
272 min sit
↓ 5 hr insulin iAUC by 23%
↓ 2 hr insulin by 37 pmol/L
↓ hematocrit, hemoglobin, and red blood cell count
↑ plasma volume, mean platelet volume, and white
cell count
↓ systolic BP by 2 mmHg
↓ diastolic BP by 2 mmHg
VS condition 2
No significant effects
<tsp>Peddie 2013
<tnl>1. Uninterrupted sit: 540 min

x

2. Sit + one continuous physical ac- VS condition 1
tivity bout: 510 min sit, 30 min
No significant effects
walk
3. Sit + regular activity breaks: 18 VS condition 1
× 15 min sitting initially followed ↓ 9 hr glucose iAUC by 39%
by 100 sec moderate walk (510 min
↓ 9 hr insulin iAUC by 26%
sit, 30 min walk)
VS condition 2
↓ 9 hr glucose iAUC by 37%
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↓ 9 hr insulin iAUC by 18%
↓ 9 hr triglyceride iAUC by 31%
<tsp>Van Dijk 2013
<tnl>1. Uninterrupted sit: 650 min

x

2. Sit + ADL bouts: 3 × 15 min
slow-paced strolling (605 min sit,
45 min walk)

VS condition 1

3. Sit + exercise bout: 1 × 45 min
moderate-intensity cycling (605
min sit, 45 min cycle)

VS condition 1

↓ 10.5 hr glucose iAUC by 19%
↓ 10.5 hr insulin positive iAUC by 14%

↓ 24 hr prevalence of hyperglycemia by 30%
↓ 10.5 hr glucose iAUC by 36%
↓ 10.5 hr insulin positive iAUC by 32%
VS condition 2
↓ insulin positive iAUC

iAUC = incremental area under the curve, BP = blood pressure, VS = versus (i.e., control
condition 2 versus control condition 1)
In another randomized crossover trial, Van Dijk and others (2013) compared the effects
of prolonged sitting to reduced sitting states achieved through the introduction of less
frequent (three in total over the 10.5 hr) but longer duration (15 min) bouts of slow-paced
strolling in older adults with type 2 diabetes. Additionally, another condition examined the
effects of an initial 45-minute continuous bout of moderate-intensity exercise followed by
prolonged sitting. Significant reductions were observed in the 10.5-hour postprandial
glucose and insulin responses following both activity conditions, with the magnitude of
change for glucose (36% vs. 19%) and insulin (32% vs. 14) greater with the continuous
exercise bout condition, likely because of the greater effect on intensity of the exercise and
on the amount of energy expended. No significant effects were seen for total cholesterol
and blood pressure.

Increased Standing
Two studies have examined the single-day effects of reducing sitting time through
increased standing. In a repeated measures study undertaken in a real office environment
using height-adjustable workstations in 10 desk-based office workers, Buckley and
colleagues (2013) reported significantly attenuated blood glucose excursions (assessed by
using a continuous monitoring device) following one afternoon of standing work compared
to an afternoon of seated work (see table 3.4). A randomized crossover trial undertaken by
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Bailey and Locke (2014) in 10 healthy young participants compared the effects of reducing
sitting time through frequent 2-minute bouts of light-intensity walking over 20-minute
intervals and, separately, the effects of a similar frequency of short stationary standing
breaks for 2 minutes every 20 minutes over the 5-hour observation period. Although no
significant effects were observed for total cholesterol, HDL-C, or blood pressure, a
reduction in sitting time induced through the incorporation of frequent light-intensity
walking breaks led to significantly lower postprandial glucose response relative to the
uninterrupted sitting and the standing breaks conditions. The findings suggest that the
magnitude of skeletal muscle activation that occurs during the break condition may
influence the subsequent metabolic response, since interrupting sitting time with frequent
light-intensity activity imparted beneficial postprandial glucose responses, but interrupting
sitting with frequent standing (characterized by its diminished relative skeletal muscle
activity) did not.

Table 3.4 Reduced Sitting Through Increased Standing
Experimental conditions

Findings

<tsp>Buckley 2014
<tnl>1. Seated desk work: 185 min

x

2. Standing desk work: 185 min

VS condition 1
↓ 185 min in glucose AUC by 43%

<tsp>Bailey and Locke 2014
1. Uninterrupted sit: 300 min

x

2. Sit + light-intensity activity breaks: 300 min (14 × VS condition 1
2 min bouts of light walking at 20 min intervals)
↓ 5 hr blood glucose iAUC by 15.9%
3. Sit + standing breaks: 300 min (14 × 2 min bouts VS condition 1
of standing still at 20 min intervals)
No significant effects
VS condition 2
↓ 5 hr blood glucose iAUC by 16.7%
iAUC = incremental area under the curve, VS = versus (i.e., control condition 2 versus
control condition 1)
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Cardiometabolic Effects Following Exposure to
Reduced Sitting
To investigate the acute (1 day) effects of prolonged sitting on glucose and insulin
metabolism on the day following exposure to experimental conditions, Stephens and others
(2011) compared the effects of 1 day of predominately sitting (16.9 hr sitting) to 1 day of
minimal sitting (5.8 hr sitting) in 14 active, normal-weight young adults (see table 3.5). In
one condition, they replaced the energy expended during the extra physically active time to
place subjects in stable energy balance conditions. In a second condition, they did not match
energy intake for energy expenditure, inducing an energy deficit in participants. When
increased physical activity was not compensated for by food intake, minimal sitting
improved insulin action compared to prolonged sitting. When calories expended during the
physical activity were replaced, the decline in insulin action observed following prolonged
sitting (approximately 17 hr, measured objectively) was significantly attenuated by breaks
but was not completely prevented. These results indicate that the magnitude of the benefits
of breaking up sitting time are dependent on energy balance, with greater benefit achieved
when food intake is less.

Table 3.5 Cardiometabolic Effects Following Exposure to Reduced Sitting
Experimental conditions

Findings

<tsp>Stephens 2011
<tnl>1. Prolonged sit: 16.9 hr sit, 0.2 hr stand,
0.1 hr step

x

2. Active condition with reduced sit: 5.8 hr sit, VS condition 1
9.8 hr stand, 2.2 hr step
↓ insulin action by 39%
3. Prolonged sit + reduced energy intake: 16.8
hr sit, 0.3 hr stand, 0.1 hr step

VS condition 2
↓ insulin action by 18%

<tsp>Miyashita 2013
<tnl>1. Uninterrupted sit: 7.5 hr

x

2. Sit + standing: 6 × 45 min stand, 3 hr sit (3.5 VS condition 1
hr stand, 3 hr sit)
No significant effects
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3. Sit + 1 continuous walking bout: 7 hr sit, 30 VS condition 1
min walk
↓ 6 hr serum triacylglycerol total AUC by
18%
↓ 6 hr total glucose AUC by 7%
VS condition 2
↓ 6 hr serum triacylglycerol total AUC by
18%
<tsp>Blankenship 2014
<tnl>1. One continuous walking bout (30 min) x
+ sit: 8 hr
2. Sit + frequent long breaks: 8 hr (uninterrupt- VS condition 1
ed sit limited to <20 min, interruptions of
↓ glycemic variability (all measures)
standing or walking ~300 kcal)
↓ nocturnal elevated glycemia
3. Sit + frequent short breaks: 8 hr (uninterrupted sit limited to <20 min, interruptions of
standing or walking, equal number but shorter
breaks condition 2)

VS condition 1
↓ glycemic variability (CONGA)
↓ glucose AUC for evening meal (CGM)
VS condition 2
↓ glycemic variability (SD)
↓ elevated glucose (CGM)

CGM = continuous glucose monitoring; CONGA = continuous overlapping net glycemic
action; SD = standard deviation
In 18 young participants, Miyashita and colleagues (2013) used a 2-day experimental
design to compare the effects of prior (total: 7.5 hr) exposure to uninterrupted sitting versus
reduced sitting through intermittent 45-minute bouts of standing or the inclusion of a 30minute brisk walk immediately before the bout of sitting. Participants returned the
following day to undertake postprandial blood measurements (in response to a standardized
test meal). Significant effects were observed only following the walking condition, with a
reduction in the 6-hour postprandial glucose response compared to uninterrupted sitting and
reductions in the 6-hour triglycerides area under the curve relative to the uninterrupted
sitting and the standing breaks conditions, respectively. Either the energy expended during
the multiple bouts of standing was not sufficient or the beneficial effects of standing last for
a shorter amount of time than those of a more intense physical activity. Determining the
period of action of bouts of activity according to their nature, volume, intensity, and
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duration will be of great importance in developing future recommendations and establishing
the minimum amount of time allowed between two sets of activity.
To compare the effects of adding exercise as opposed to reducing sitting, but maintaining
a constant energy expenditure, Blankenship and others (2014) examined 10 sedentary
overweight or obese office workers who were exposed to three experimental conditions
within the office setting. The examination was administered in a randomized order across
an 8-hour workday followed by a mixed meal tolerance test performed in the laboratory at
the end of the workday. Glycemic variability (using continuous glucose monitoring) and
postprandial glucose and insulin responses were examined after a day spent taking either
frequent long breaks (FLB) from sitting (incorporating standing or stepping) versus taking
fewer breaks (walking as per activity guidelines; AWG), with total energy expenditure
matched between conditions. The third condition containing the same number of breaks as
FLB but lower energy expenditure (frequent short breaks [FSB] involving standing and
stepping) was included to examine whether energy expenditure or simply altering body
position frequently mediated the responses. Although no differences were observed
between all conditions for the evening post-meal glucose and insulin responses, glycemic
variability was more effectively lessened in the breaks conditions compared to the AWG
condition; nocturnal duration of elevated glucose was also shorter after the FLB (2.5 min)
than the AGW (32.7 min) or FSB (45.6 min) conditions. In the presence of equivalent
effects from breaks in sitting and the moderate-intensity exercise bout on post-meal glucose
and insulin responses, yet more effectively constrained glycemic variability from the breaks
despite their matched energy expenditure, it was interpreted that frequent breaks in sitting
of sufficient duration may be more effective in reducing glycemic variability than one bout
of exercise in sedentary people. Additionally, since glycemic variability was highest in the
AGW condition, it was suggested that, at least in the short term, structured exercise may not
completely negate the effects of sedentary behavior on cardiometabolic health.

Cardiometabolic Effects of Repeated-Day
Exposure to Reduced Sitting
A randomized crossover study undertaken by Duvivier and colleagues (2013) compared
the effects of 4 consecutive days of sitting with two separate reduced sitting conditions
under free-living conditions in 20 healthy university students (see table 3.6). In the sitting
condition, across all 4 days, subjects were instructed to sit for 14 hours, walk for 1 hour,
stand for 1 hour, and to spend 8 hours per day sleeping or supine. In the exercise condition,
on each day, 1 hour of sitting was replaced by 1 hour of vigorous supervised cycling, with
the rest of the day spent in a similar manner to the sitting condition. In the minimalintensity physical activity condition, subjects were instructed to replace 6 hours of sitting
with 4 hours of walking at a leisurely pace and with 2 hours of standing on each of the 4
days. During the 4 days of each condition, participants wore an inclinometer continuously
for 24 hours to quantify daily physical activity and postural allocation. Laboratory
measurements were undertaken on day 5 after each condition. Relative to the sitting
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condition, significant reductions were observed following the minimal-intensity physical
activity condition for the 2-hour insulin area under the curve, fasting plasma triglycerides,
non-HDL-cholesterol and Apo B (cardiometabolic biomarkers). Although a significant
reduction in the post-meal insulin concentration was observed following the exercise
condition relative to the sitting condition, it was reported that greater reductions in the
insulin area under the curve, fasting plasma triglycerides, and fasting plasma non-HDL
cholesterol, and as well as an increase in the insulin sensitivity index, were evident for the
minimal-intensity physical activity versus the exercise condition.

Table 3.6 Cardiometabolic Effects of Repeated-Day Exposure to Reduced
Sitting
Experimental conditions

Findings

<tsp>Duvivier 2013
<tnl>1. Sit: sit 14 hr/day, walk 1 hr/day, 8
hr/day sleeping or supine

x

2. Exercise: replaced 1 hr sit w/1 hr vigorous supervised cycling

VS condition 1

3. Minimal intensity PA: replaced 6 hr of
sit w/4 hr of light walking and 2 hr stand

VS condition 1

↓ 2 hr insulin total AUC by 7%

↓ 2 hr insulin total AUC by 13.2%
↓ fasting plasma triglyceride by 22%
↓ fasting plasma non-HDL cholesterol by 10%
↓ fasting plasma Apo B by 8%
VS condition 2
↓ 2 hr insulin total AUC by 19%
↑ insulin sensitivity index (ISI) by 15%
↓ fasting plasma triglyceride by 17.6%
↓ fasting plasma non-HDL cholesterol by
6.7%

<tsp>Thorp 2014
<tnl>1. Seated only work: 560 min

x

90

2. Seated and standing work. height-adjustable workstation, interchanging every
30 min (240 min sit, 240 min standing)

VS condition 1
↓ 4 hr glucose total AUC by 11.1%

AUC = area under the curve, ISI = insulin sensitivity index; HDL = high-density
lipoprotein
In a simulated office environment within the laboratory setting, Thorp and others (2014)
compared the effects of repeated days (5 days) of prolonged seated work (8 hr/day) to a
similar period of alternating between standing and seated work, using a height-adjustable
workstation every 30 minutes (4 hr standing, 4 hr sitting) in 23 office workers. Using a
randomized crossover design, laboratory measurements were performed on day 1 and day 5
of each condition. The introduction of 30-minute bouts of standing work each hour resulted
in a significant attenuation in the postprandial blood glucose response (incremental area
under the curve) relative to the seated condition. No such attenuations were observed for
insulin or triglycerides.

Public Health and Clinical Guidelines
The emerging evidence from experimental studies is supportive of recent calls for
practitioners and public health experts to expand their thinking beyond just purposeful
health-enhancing exercise and give serious consideration to advocating reductions in sitting
time. Already, some leading health agencies have taken a proactive stance on this issue
through the release of new advice within physical activity recommendations on the likely
importance of reducing sedentary behavior.
The 2011 United Kingdom Start Active, Stay Active document (Davies et al. 2011) and
the 2014 Australian Physical Activity and Sedentary Behavior guidelines (Australian
Government 2014) present recommendations on the volume, duration, frequency, and type
of physical activity required across the life span to achieve general health benefits. In
addition, attention is also directed at reducing sedentary behavior across all age groups,
with the nonspecific and sufficiently broad message to minimize the amount of time spent
being sedentary (sitting) for extended periods and break up long periods of sitting as often
as possible applied across the various age groups from the early to later years.
From the United States, the 2011 Quantity and Quality of Exercise for Developing and
Maintaining Cardiorespiratory, Musculoskeletal, and Neuromotor Fitness in Apparently
Healthy Adults: Guidance for Prescribing Exercise position stand of the American College
of Sports Medicine acknowledges that
In addition to exercising regularly, there are health benefits in concurrently reducing total
time spent in sedentary pursuits and also by interspersing frequent, short bouts of standing
and physical activity between periods of sedentary activity, even in physically active adults.
(Garber et al. 2011, page 1334).
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The UK Start Active, Stay Active document, the 2014 Australian Physical Activity and
Sedentary Behavior guidelines, and the American College of Sports Medicine position
stand do, however, indicate that in the absence of an extensive body of experimental
evidence allowing stronger causal inferences about the health effects of too much sitting,
such recommendations relating to sitting will continue to remain general and tentative.
Furthermore, the 2010 Global Recommendations on Physical Activity for Health document
from the World Health Organization is explicit about the potential importance for health
outcomes of too much sitting, yet stops short of making specific recommendations around
sitting.
Reducing and breaking up sitting time is a new approach to enhancing daily physical
movement, and relatively little is known regarding the mechanisms of benefit. In the
absence of such evidence, public health guidelines for reducing sitting time and acceptable
upper limits of accumulated or sustained sitting time will continue to remain nonspecific.
Rigorously designed human experimental research is therefore crucial for developing
specific recommendations on sitting that are needed in future clinical and public health
guidelines and informing a range of related initiatives.
Summary
Within this chapter, we have highlighted several study design features and
methodological elements that will be relevant for future research endeavors directed at
understanding the physiological implications of sedentary behavior. Notwithstanding the
importance of employing strict and population-relevant study entry criteria, strategic
decisions relating to the nature of the physical activity substitute for achieving a reduced
state of sitting (likely to be contingent on the physiological and metabolic outcomes to be
assessed) and the methods for obtaining strict control of dietary and physical activity
patterns and energy balance will be paramount for all researchers in this field.
The emerging evidence arising from the human experimental studies targeting reducing
and breaking up sitting time is supportive of the observational study evidence linking sitting
time and breaks in sitting time with significant compromises in cardiometabolic health. Yet,
despite the promising findings, it is still too early to generate definitive recommendations
on how long people should sit or how often people should break up their sitting time and
how this should be achieved. Additional evidence, particularly from longer-term
intervention studies (i.e., chronic trials), is needed to reliably inform specific guidelines and
advice that can be given to patients and the general population. Nevertheless, at this stage—
on the basis of observational study findings and the early-stage human experimental
evidence—broad advice can be given with reasonable confidence. There are likely to be
beneficial effects and no harm done if adults create opportunities to limit their sitting time
while at home, at work, and during transportation in addition to breaking up prolonged
periods of sitting through frequent transitions from sitting to standing or ambulating
throughout the day. A simple message that could be put forward is, Stand up, sit less, move
more, move more often. However, the specifics of such messages remained to be delineated
by future experimental studies.
\qqBegin special element\
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Key Concepts
Area under the curve (AUC): The integrated expression of the cumulative area under
the plasma or serum concentration curve of a selected biomarker (e.g., glucose, insulin).
Frequently used to assess the responsiveness to a stimulus (e.g., glucose load, meal),
expressed as incremental area under the curve, which takes into account area below
baseline (fasting or premeal) levels.
Blood glucose: Also known as blood sugar, glucose is a fuel source that is absorbed into
the blood stream following consumption of carbohydrate.
Crossover trial: Study design in which the participants are their own control. Each
participant completes all conditions, usually in a random order separated by a washout
period. This design therefore allows for the comparison of both within- and between-group
effects (Mills et al. 2009).
Insulin: A hormone made by the pancreatic beta cells that is secreted into the
bloodstream after eating. Insulin aids in glucose uptake into liver, adipose, and muscle cells
for energy (ATP) production or storage as glycogen.
Postprandial state: The American Diabetes Association (2001) defines this as the time
after a meal. The postprandial state is often related to the plasma glucose profile after
eating. Typically, plasma glucose rises 10 minutes after a meal and peaks around 60 minutes
after, returning to premeal levels within 3 hours.
Study Questions
Why are experimental models of reducing and breaking up sitting time considered to be
more solutions focused than other experimental models?
For a laboratory-based experimental study to identify the possible benefits of breaking up
prolonged sitting time, what could you prescribe that people do during their breaks from
sitting?
What are the key methodological or design considerations of human experimental studies
on the physiological implications of sedentary behavior?
Why is it important to control for food intake and food quality within experimental
studies on the physiological implications of sedentary behavior?
What findings from human experimental studies would be most informative in helping to
provide more specific public health recommendations and clinical guidelines on too much
sitting?
\qqEnd special element\
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Chapter 4
Rethinking the Chair and
Sitting
Galen Cranz, PhD
\qqBegin special element\
The reader will gain an overview of why right-angle chair sitting is intrinsically
problematic and why designing for movement and diverse postures is preferable. By the
end of this chapter, the reader should be able to do the following:
•
•
•
•

Summarize the history of the chair
Outline the biomechanical and ergonomic problems of chair sitting
Appreciate how chair designers have tried to solve the ergonomic problems
Understand how right-angle chair designs move problems around the body but never
eliminate them
• Use alternatives to the classic right-angle chair (the lounge, the perch, sit-to-stand
solutions, adjustability, continuous movement, job redesign, and postural education)
\qqEnd special element\
Westerners are now worrying that we are too sedentary, so let us consider the material
artifact that allows us to sit so much: the chair. Before considering the anatomical and
physiological problems associated with chair sitting, let’s glance backwards to see where
the chair came from and why we have come to rely on it.

History of the Chair
We may never know the exact origin of the chair, although we do know that chairs are
older than most furniture histories indicate. Most scholars start with Egyptian pharaohs or
possibly kings from the Mesopotamian Fertile Crescent, which would make chairs about
5,000 years old. An archeological find from the former Yugoslavia offers evidence of a
much longer history (Cranz 1998). Kiln-fired models of women seated on chairs from the
Neolithic era (7,500 BCE) have been found in graves. This means that chairs are at least
10,000 years old and possibly even older. The primary material record from the Paleolithic
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era (about 40,000 years ago) is cave art, which shows mostly animals, only occasionally a
human, less often a tool, and never a chair (Cranz 1998), so exact dating of the first chair
seems unlikely.
This earliest evidence of chair sitting from the Neolithic era suggests that chairs were
associated with role differentiation and social status; they remain so today. In classical
Greece, the klismos chair was developed for domestic life, but in the Roman Empire, social
life was conducted on flat platforms, beds, and triclinia. The triclinium was a specialized
three-sided U-shaped platform for upper-class banquet dining while semi-recumbent. The
Last Supper would have taken place on a triclinium, not at tables and chairs. During the socalled Dark Ages, furniture was uncommon, but reinvented during the Renaissance, first
with simple three-legged stools, then chairs with backs, and finally in the 18th century with
the refined works of Chippendale, Sheraton, and others. Furniture historians (Giedion 1948;
Lucie-Smith 1990) consider the 18th century the apex of chair design for its aesthetic
integration of physical comfort and cultural symbolism. Up until this point, chairs were
relatively expensive handmade objects and therefore relatively rare compared to today,
when industrial manufacturing has made them cheap and plentiful. With industrialization
came the first spring coil upholstery, despised by Modernists who want to see structure, not
have it hidden by deep cushioning and fabric. Industrialization also made possible bent
wood chairs, which Modernists like because the structure becomes the decoration. Giedion
(1948) blamed the World Exposition of 1893 for the split between chairs as high art and the
chairs for work settings that dominated most of the 20th century. Modernist chairs do not
use ergonomic criteria, and no one would put an office chair in their living room or even in
the lobby of their corporate headquarters. The 20th century was a time of artistic
experimentation with new processes of assembly and new materials, like steel and plastic;
however, aesthetically speaking, the body was left out of the picture. Yet dimensions for
chair designs were standardized mid-century, and ergonomics with applications for seating
emerged as a special field after World War II.
The economic shift to office work has meant that a larger and larger portion of the
population sits in chairs. Before the days of repetitive strain injuries, the average work chair
was not particularly ergonomic. That is, adjustable chairs were considered expensive, so
most workers made do with the chair they were given. These chairs were possibly on
wheels, but not likely to be scaled to a worker’s physique. Computers and lawsuits have
changed all that. Now companies do not think twice about investing in $1,000 (USD) chairs
for their employees. Suddenly $1,000 seems cheap compared to the medical costs of
rehabilitation caused by the anatomical and physiological problems associated with chair
sitting.

Problems With Sitting in Chairs
To start, sitting is hard work; it puts 30% more pressure on the intervertebral discs than
standing (Andersson 1980, 1981, 1985; Andersson, Ortengren, and Nachemson 1982;
Andersson et al. 1974; “Sitting down on the job” 1981; Zacharkow 1988). It strains the
spinal column, back muscles, lower back nerves, and diaphragm. Those who squat report
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less compression of the spine than Europeans who sit (Hettinger 1985) and lower rates of
disc degeneration (Gross 1990).
A team of Swiss researchers were the first to show that sitting at video display terminals
and full-time typing were associated with physical impairment of hands, arms, shoulders,
and neck (Hunting, Laubli, and Grandjean 1981). Chairs are designed for a stable upright
posture with legs at right angles to the torso. Holding still is a strain in itself; in particular
the right-angle posture between the thighs and torso strains the pelvis and lumbar spine.
Distortion to the diaphragm and intestines creates a variety of breathing and digestion
problems. Sometimes people experience sciatic nerve pain down the legs, which is best
relieved by standing, walking, or lying down, but not by sitting. Varicose veins occur in
chair-sitting cultures, not commonly in cultures where people sit on the ground. Chair seats
that are too high for a person press the muscles under the thighs, reducing circulation of
blood and lymph (possibly a contributing cause to cellulite). Overly padded chairs also
press on muscles, and give them a load-bearing function they cannot sustain; weight is best
transferred down through bones. Sitting still means that one usually does not pump the
ankles; as a result blood pools, impeding venous return. Eventually, pressure builds up to
force the blood back up the veins with such a strong force as to damage the valves that keep
blood from falling back down to the feet. This has been linked to deep vein thrombosis
(Levine 2007).
If these biomechanical problems were not enough, recent research on the adverse
metabolic consequences and premature mortality associated with too much sitting means
the chair is virtually a coffin. Saunders (2011) commented in Scientific American on
research studies with large samples around the world about correlations with the absolute
number of hours seated and mortality from stroke, heart attack, and cancer. Others have
argued that sitting can be more dangerous than smoking (Ravn 2013). The plethora of
adverse health consequences from too much sitting is addressed in several other chapters in
this book.

Chair Designer Response
Chair designers have chased physical problems through the body but have never been
able to eliminate them completely. Solving one problem has created problems elsewhere.

Height
When we sit on chairs that are too tall, the musculature on the back of the thighs is
pressed, and even gouges the popliteal region (sometimes referred to colloquially as the
knee pit). If a tall person sits on a chair that is too short, (usually) the knees are positioned
higher than the hip joints; the pelvis tips backwards, rounding the spine and losing the
lumbar curve that allows all of us to sit upright. The global average height for women is
160 cm (5′3″) and 175 cm (5′9″) for men, so the average person could be said to be 168 cm
(5′6″). Most chair seats in the United States are 46 cm (18 in.) from the floor, which is too
tall for most people who are 168 cm tall (in other words, for more than half of all adults).
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One of the earliest chair researchers, Akerblom, argued in 1948 that chair height should be
lowered to 41 cm (16 in.), but his advice has been ignored, possibly because designers have
been responding to the taller male rather than the shorter female part of the population.
Height was one of the basic adjustments in the evolution of chair design, because a good
height for some is problematic for others. Making early office chairs adjustable was an
advance, but eventually the furniture industry learned that few users bother to make
adjustments, especially if they have to get out of the chair to make them. Consequently,
levers that adjust height while the user is seated in the chair became the norm. Still, the
industry observed that users do not often make adjustments, so height remained
problematic. In response, some designers engineered chairs that adjust the relationship
between seat and back automatically with the sitter’s movements. Some have added
footrests, including treadle-like ones that involve movement, to help shorten the distance to
the floor for many in the office workforce. Despite these adaptations, each sitter personally
has to attend to the issue of seat height. If the seat is too low, one’s knees are higher than the
hips, which tips the pelvis back and reverses the lumbar curve. More commonly, if the seat
is too high, the musculature and blood vessels on the back of the thighs are compressed,
which creates circulation problems.
At first, ergonomic chairs were not considered beautiful, but eventually designers tried to
give the mechanisms of adjustability aesthetic properties. Ambasz and Piretti used
accordion-like tubing that visually expressed the idea of adjustability in their Vertebra chair
of 1976. The Aeron chair’s mesh fabric largely accounts for its enormous market success; it
fit in with the zeitgeist of the 1990s—spare, taut, sheer, black.

Seat Tilt
In order to stop the forward slide intrinsic to leaning back in a chair, some designers have
canted the seat pan up in front. However, this runs the danger of increasing pressure on the
underside of the thighs. Further, it reduces the angle between thigh and trunk to less than
90°, which rounds the lumbar spine even more than the right angle chair already does. In
response some designers tilted the back backward to open the angle to greater than 90°, but
this creates problems for the shape of the spine, neck, and head. Some designers favor a flat
seat. Yet others, who have become aware of how the top of the pelvis rolls backward in the
classic right-angle seated posture, choose to create a slight forward tilt to the seat pan. This
runs the risk of making the sitter slide off the seat, so the angle cannot be very great (less
than 10.5° for a slight person, possibly steeper for a heavier person) and the surface needs
to provide enough friction to deter sliding forward. Using the legs to stop sliding forward
can be a strain, or activating leg muscles could be a benefit if doing so stimulates the
pancreas to produce the key enzyme lipase needed by the liver for fat metabolism.
Activating leg muscles without straining them requires attention to the variation in human
size and proportions, possibly different seat heights, and different degrees of seat tilt.
Solving the problem of the retroverted pelvis and rounded lumbar spine by tilting the seat
can create other problems.
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Back
Designers pursue markedly different strategies regarding the height and shape of the
chair back, and the amount of lumbar support it provides. Earlier ergonomics researchers
(Grandjean 1980) observed that the right-angle seated posture tends to round the lower
back, so they recommended lumbar support: a curve in the seat back that would mimic the
shape of the spine’s lumbar curve. They lamented that people do not often sit far enough
back into a chair to make contact with the lumbar curve in the seat back. At first they
recommended instructions, but eventually came to recommend mechanisms that
synchronize the movement of the seat and back. The right-angle seated posture is what
rounds the lumbar spine, so opening the angle between the thigh and trunk is more efficient
than trying to get people to push their lumbar curve back into shape mechanically with the
chair’s so-called lumbar support. In 1999, designers at Steelcase told me that what I was
saying about the folly of lumbar support was correct, but that the market wasn’t ready to
give it up.. They said that people still expect lumbar support in a chair considered
ergonomic.
Another problem with chair back design is that if the sitter brings his or her back all the
way to the seat back, this posture pushes the large gluteus maximus muscles (buttocks)
forward, further flattening the pelvis and lumbar spine. Hence, in the better designs the back
does not meet the seat back; rather, they create space for the buttocks. Back support actually
weakens the torso, which means that in the long run, most sitters would be better off on
stools. However, if we do want back support, it would be best to maintain the balance
between the lumbar and thoracic curves. Accordingly, some chair designers use only a bar
or circle at the transition midback between the spine’s concave and convex curves.

Arms
Little weight (4%) is transferred to the ground through arm support and few office tasks
require arm support, so arm features have been optional in chair design. Sometimes chair
arms get in the way of movement, especially in task chairs, but sometimes they contribute
to the symbolism of comfort and ease, and can even serve as side tables for a drink. In
office settings, the increase in carpal tunnel problems has directed attention to the support
of hands and wrists more than arms and elbows. To move wrists into their most neutral
position, some ergonomic specialists advocate reshaping the keyboard into two parts and
lowering and slightly rotating both halves, which may require rethinking the issue of arm
and elbow support.

Perch
Sitting on seats tall enough to create an obtuse angle between the thighs and trunk
automatically preserves the lumbar curve, but few designers have been willing to think
outside the right-angle paradigm until quite recently. Cranz (1998) termed this position the
perch position; F.M. Alexander (1918) called it the position of mechanical advantage, and
National Aeronautics and Space Administration (NASA) called it neutral body posture.
This position requires raising the height of our work surfaces from 70 cm (27 in.) to closer
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to 90 cm (36 in.), which has met cultural resistance. Few customers have been willing to
invest in new tables and desks, as well as new chairs. Manufacturers and retailers have not
yet figured out how to get customers to change everything, demonstrating how conservative
culture can be.
For this reason, Norwegian architect and furniture designer Peter Opsvik designed the
Balans chair (known in the United States as the kneeling chair) to take advantage of the
obtuse angle between the torso and thighs while lowering the body in space enough to slide
under existing table and desktops. This meant folding the legs at the knees so that one
kneels on pads. Kneeling can be stressful to knees, and losing proprioceptive feedback from
the soles of the feet is not ideal (see figure 4.1). Opsvik went on to design chairs to support
the perch posture, namely the Capisco, manufactured by HAG. The Danish surgeon A.C.
Mandal designed school furniture for the perch position with an elevated forward-slanted
work surface to bring the head and neck into a neutral rather than drooped position.

Figure 4.1 Balans chair by Peter Opsvik.

Courtesy of Peter Opsvik, designer; Tollefsen, photographer.
Footwear designer Martin Keen went on to design a moveable seat for the perch position
with an appropriately raised forward-sloping work surface, called the Focal Upright, which
was marketed in 2012 (see figure 4.2). This combination fulfills the criteria from my
research and writing about chairs. Specifically, it allows people to: keep their feet on the
floor and their knees significantly lower than the hips; sit without their pelvis rolling
backward; hold their spines upright while retaining both its lumbar and thoracic curves;
keep their chests open; balance their heads actively on the top of their spines without
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moving the head back and down; and, see the work surface without having to bend the neck
forward.

Figure 4.2 Focal Upright workstation.

MOCK—to come.

Lounge
The perch position, when rotated in space, turns into a lounge position. This changes the
way gravity works on the spine, and allows one to rest while still keeping the head and eyes
upright enough to read, use a keyboard in front of a computer monitor, and maintain social
contact with others (see figure 4.3). Cheap lounge chairs raise the torso, but support the legs
extended out straight, rather than flexed, which is unfortunate because straight legs pull the
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pelvis backward and flatten the lumbar curve. The Corbusier and Perriand chaise longue
(Corb lounge) of 1925 and contemporary folding deck chairs by Lafuma and Caravan
Canopy both offer the support for flexed knees that make this position so comfortable. Even
in a comparatively hard material like wood the lounge configuration is surprisingly
comfortable, which I demonstrated in a chair of my own design. Opsvik designed the
Gravity lounge chair manufactured by Stokke that has four positions: conventional right
angle, kneeling, and lounging in two angles of recline. The only problem with the lounge
position is that it distributes gravitational force so evenly through the entire skeleton that it
may not stimulate bone formation, thereby leading to osteoporosis, but this negative
possibility has not been measured.

Figure 4.3 Optimal lounge chair design.

MOCK—to come.

Standing Workstations
Designers have created high stools and adjustable work surfaces for sit-to-stand
workstations. Ten years ago, this was still a fringe option associated with the brilliant
eccentricities of Churchill and Hemingway. Today the recent research on the adverse health
outcomes of prolonged sitting has galvanized the thinking of designers and customers to
consider stand-up workstations. When we stand, gravity loads the bones and activates the
muscles that stimulate the pancreas to produce the key enzyme lipase, needed for the liver
to process fat. Without lipase, undigested fats enter the bloodstream, thereby leading to
premature mortality from causes including heart attack, stroke, and cancer. Standing solves
the back problems of chair sitting, but it is tiring to the legs. There is no perfect posture.
Humans are designed for movement, so changing postures is ideal.

Adjustability
Adjustability appears to be a transition between the search for the right posture, on the
one hand, and the recognition that humans are designed for ongoing movement, on the
other. Adjustability allows users to change the height of their chair or desk, the relationship
between depth of the seat and the chair back, and the position of the arms. In some cases,
adjustability has also meant being able to change the location and shape of the lumbar curve
in the seat back. Peter Opsvik (1997) has quipped, “The best posture is the next posture.”
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Accordingly, his office chair, the Capisco by HAG, accommodates different postures and
movements. The chair swivels and its seat goes up and down; the sitter’s thighs are free to
assume several different positions because the cutaways at the corners of the seat pan allow
the thighs to fall away from the torso and bring the pelvis forward, creating a lumbar curve
without requiring to the sitter to lean back into a molded curve in the chair back. For
conventional right-angle seating, Opsvik argued that conventional sitting could be improved
through movement. Thus, his Flysit chair has springs at the bottom of the legs that invite
rocking backward and forward, and the Actulum has a faceted rocker. He designed a table
with cross bars on the legs so that sitters can reach out with their feet and push against the
bars to activate the movement potential built into these two dining room and conference
table chairs. The Focal Upright by Keen is also adjustable in the height of the seat, work
surface, and degree of slant. The Finnish designer Vessi Jalkanen also has created active
seating, the Salli chair-stool, with two separate seat pans—one for each pelvic half—that
allow the pelvis to constantly make micro-movements. These solutions are the best to date
because they challenge the ideal of sitting still.
Although production is limited, readers are directed to the designers’ websites to view
these designs:
• www.opsvik.no/works/industrial-design
• www.focaluprightfurniture.com
• www.salli.com

Continuous Motion
Because no single posture is the perfect for any length of time, designing for movement
is even more advanced than designing adjustable chairs. Several options have emerged
recently. Activity balls (or physioballs) have been appropriated as seating by those who
appreciate the advantages of needing to use the legs and fine spinal muscles to keep balance
while working. June Ekman, a teacher of the Alexander Technique—a mind–body system
focusing on posture and movement—and others have designed chairs around balls to
stabilize them in order to reduce the amount of active balancing needed for the legs while
still taking advantage of fine movement in the spine. The designer of the ErgoErgo thought
activity balls were ugly and so created a more articulated and stylized form that still took
advantage of the movement of a ball (see figure 4.4). The German Swopper has a rounded
top in suede that promotes forward tilt of the pelvis but provides enough friction to stop
slipping off the seat; the pedestal stem of the chair flexes side to side and front to back, and
the height can be adjusted (see www.swopper.com). These options include movement, but
the chair may be too demanding those not used to using their legs or might seem too
unusual for those who want a conventional look. The Pony by Haworth is a backless seat
that one straddles; it rocks back and forth to allow continuous motion. Many people like
this chair-stool because it makes sitting up straight easy, but some are not used to spreading
their legs and using them actively. Over a decade ago, only an eccentric few might work at
a computer while walking on a treadmill, but now that many have learned about the mortal
dangers of sitting, the biggest U.S. office furniture provider, Steelcase, markets a treadmill
workstation. Similarly, inexpensive bike racks can be used to convert commuting bicycles
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into desk chairs at raised desks. Thus, a bike formerly used to get to work serves as a
machine for moving while working at a desk, thus fusing the ecology movement regarding
transit at a city scale with the fitness movement at the individual scale.

Figure 4.4 ErgoErgo chair design.

\QQ missing asset; callout: \INSERT Photo E6212_UICA_shetland_9-12
(3), F 04.04, ID: 544861, here\ xQQ\
MOCK—to come.
Designing a slow-motion continuous-movement chair and table combination would be
ideal, but this design has yet to be produced. Although Keen’s Focal Upright may be the
best product on the market to date, we are waiting to see a continuously moving, slow
motion desk and screen combination that engages the feet in a lounge position. In such a
device, joints, muscles, and organs would have the simultaneous benefit of movement and
rest, while legs and skeleton would have the benefit of gravitational loading to promote
bone building.
\qqBegin special element\

Job Redesign
Equipment and furniture can be improved, but underlying the need for comfort and
movement is the need to design the rhythm of the workday so that no one is expected to
perform the same activity repeatedly for many hours. This becomes a question of
managerial style and policy, not physical design. This in turn suggests that management
should recognize that people’s needs vary and that employees are the ultimate source of
authority regarding their needs. Locating authority in the employee rather than a supervisor
or boss may require a change in organizational culture.
\qqEnd special element\

Postural Education
Rather than redesign the chair, a different solution to the backaches and other problems
associated with chair sitting is to educate the sitter. A century ago, the movement educator
F.M. Alexander (1918, page 2) disparaged chair design in favor of education about how to
use one’s body: <ext>“Let us waste no valuable time, thought or invention in designing
furniture, when by a smaller expenditure of those three gifts we may train the child to win
its own conscious control, and rise superior to any probable limitations imposed by ordinary
school fittings.” <tx>His dismissal of the importance of design did not anticipate the
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increasing number of hours spent in chairs over the last century. In fact, people are hurt by
sitting in chairs for as long as we do today. Nor could he appreciate the ensuing scholarship
about the power of the silent language of design and the built world; because a designer’s
consciousness is communicated nonverbally, below the level of conscious awareness, it can
be especially persuasive (Cranz 1998).
Alexander was correct that education is important. Today most movement and fitness
systems pay attention to how to sit. Now instructors of the Alexander Technique (along
with those who teach yoga, Gyrotonics and Gyrokinesis, and the Feldenkrais Method) teach
people to sit directly on and over the sit bones (ischial tuberosities) instead of on either the
tailbone (slumping the spine) or the pubic arch (arching the spine). Typically, movement
education systems deliberately develop the student’s awareness of the subtle differences
between sitting on the back edge, middle, or front edge of the ischial tuberosities. Some
difference of opinion about the use of the sit bones does exist. Many assume that one sits
centered on the sit bones, but others differ. For example, some teachers of Eutony, a
century-old system from Danish-German teacher Gerda Alexander, recommend sitting far
forward all the way to the pubic ramus so that the top of the pelvis tilts forward and the
lumbar curve is correspondingly arched. Similarly, today in Palo Alto, California, Jean
Couch teaches modern sitters to model themselves after native people who sit with the top
of their pelvis tipped forward and the sit bones pointing backward into the chair seat. In the
same vein, Esther Gokhale teaches people to sit with a J-shaped spine, with the tail of the J
going back into the chair seat and the spine stacking on top of that. The Swiss movement
educator Benita Cantieni also advocates sending the sit bones back in order to keep the
front of the torso upright. In these cases, the sit bones point backward as much as transfer
weight downward, which may or may not be problematic. What is certain is that whether
balanced on the centers of the sit bones or rocked further forward, all of these systems share
the idea that being educated to use the body on any surface encountered is more efficient
and important than the design of that surface.
Educating the body presumes that humans do not automatically know what feels best
physically. We cannot always rely on our felt experience to show us what is best for us. Our
nervous systems get used to inefficient movements and postures so that efficient ones do
not always feel right at first. Alexander teachers call this distortion in perception “faulty
sensory awareness” and Alexander himself called it debauched kinesthesia” (Alexander,
1923). There is a paradox here if we simultaneously affirm that people should have personal
control over their work environment and also that people do not always sense what is
physically most healthful.
Thus, the body is not an infallible touchstone from which to evaluate alternative
environments. Instead of relying on unconscious habit or the illusion of pure sensation, we
need a normative ideal rooted in anatomy and physiology. This ideal emerges from
interplay among cognition, perception, and sensation. Hence, education is still needed.
Design alone does not guarantee healthy sitting behavior.
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Summary
We cannot design our way out of the problems associated with chair sitting by making
better chairs. Admittedly, it is possible to improve chairs, and some chairs are emphatically
better than others. Nevertheless, structural and consequently health strains are intrinsic to
the right-angle seated posture. The cultural idealization and naturalization of this posture is
a problem.
Further, being still is a deadly problem, no matter what posture we hold. A new seating
paradigm that includes sitting, standing, perching, and lounging is preferable to the
conventional right-angle seated posture. Even more desirable is rethinking workplace and
job design to include movement. Such a change is likely to shift authority from external to
internal, that is, from institution to individual. Reconceiving work routines will require
education in sensory awareness. Physical redesign, public education, and new policies are
all needed to address the problems associated with sedentary behavior.
\qqBegin special element\

Key Concepts
• Adjustability: The ability to change the ratios of elements of seats or work surfaces,
either mechanically with cranks or pegs, or with motorized controls.
• Continuous motion: Changing angles between seat, back, and work surfaces so that the
body has to follow and thereby gets exercise without thinking about exercise as a
separate activity.
• Ergonomic: The study of how the human body interacts with the machines in the near
environment, especially in work settings (hence, the literal meaning of ergo as work).
• Job redesign: Analyzing the postures needed to accomplish the work of an enterprise
and distributing tasks throughout the workday so that no one holds the same posture all
day.
• Lounge: A seat design that accommodates the human body in a semi-reclined position
with an obtuse angle between the torso and thighs, with bent knees, and with head up
high enough to read and have eye contact with others. The entire back reclines.
• Perch: Any seat design that accommodates the human body in a vertical position
halfway between sitting and standing, with an obtuse angle between the torso and thighs.
The spine is upright without back support, and weight is more evenly distributed
between sit bones and feet than in right-angle sitting.
• Postural education: Learning about physiologically and anatomically beneficial
postures and movements; for example, the Alexander Technique, Cantienica.
Feldenkrais, GyroKinesis Pilates, tai chi, and yoga.
• Right-angle chair: The classical chair design with the body arranged so that the lower
leg and thigh are at a right angle to one another and the torso is at a right angle to the
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thigh. About 60% of weight is transferred to the seat through the sit bones and another
40% is transferred to the feet.
• Sit-to-stand workstations: A work surface and seat support that adjust so a person can
choose to sit in the right-angle position, or stand, or perch anywhere between the two
extremes.

Study Questions
1. What was the purpose of chairs in ancient history?
2. List the biomechanical and ergonomic problems of chair sitting.
3. How have chair designers tried to solve the ergonomic problems?
4. How has each design solution produced another ergonomic problem.
5. How does each of the following solve the ergonomic problems of the right-angle
chair: the lounge, the perch, sit-to-stand, adjustability, continuous movement, job
redesign, and postural education.
\qqEnd special element\
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Chapter 5
Children and Screen Time
Jorge A. Banda, PhD; and Thomas N. Robinson, MD, MPH
\qqBegin special element\
The reader will gain an overview of the effects of screen time exposure, including
television, video game, and computer use, on child health. By the end of this chapter, the
reader should be able to do the following:
• Describe U.S. children’s screen media use
• Identify the effects of recent technological advances in personal media on children’s
screen media use
• Understand epidemiological research on screen time, obesity, and cardiometabolic health
• Discuss hypothesized mechanisms linking screen time to obesity and other
cardiometabolic risk factors
• Better understand randomized controlled trials examining the effects of reducing screen
time on obesity and health
\qqEnd special element\
The relationship between children’s use of screen media, such as televisions, computers,
and video games, and their health is complex. Screen media can have a positive influence
on children’s health by increasing knowledge and awareness of health information,
fostering social connectedness, and teaching prosocial attitudes, such as empathy, tolerance,
and respect toward others (Strasburger, Jordan, and Donnerstein 2010). However, screen
media can also negatively affect children’s health in terms of aggression, sexual behavior,
substance use, consumerism, academic performance, obesity, and other health outcomes
(Strasburger, Jordan, and Donnerstein 2010). The full potential of screen media to
positively affect child and adolescent health has not been substantially realized; therefore,
public health strategies have been primarily focused on limiting children’s screen media use
(Strasburger, Jordan, and Donnerstein 2010).

Screen Time Exposure
The American Academy of Pediatrics advises parents to limit children’s total
entertainment screen time to less than 2 hours per day, to discourage screen media exposure
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for children less than 2 years of age, and to avoid placing televisions and Internet-connected
devices in children’s bedrooms (Council on Communications and Media 2013). Healthy
People 2020 highlights the importance of reducing screen time in children by setting
objectives to increase the proportion of children and adolescents aged 2 to 18 years who
1. view television and videos or play video games for no more than 2 hours per day and
2. use a computer or play computer games outside of school (for non-school work) for
no more than 2 hours per day (U.S. Department of Health and Human Services n.d.).
Despite these recommendations, average children in the United States spend more than a
quarter of their waking lives, from age 2 to 18 years, watching screen media (Rideout 2015;
Rideout, Foehr, and Roberts 2010; Robinson 2001).
In the 2013 Common Sense Media (CSM) Study, involving a nationally representative
sample of parents of children aged 8 years and younger in the United States, young children
spent an average of 1.85 hours per day viewing television content, using computers, and
playing video games, accounting for 70% of total media exposure (Rideout 2013). In the
2015 Common Sense Census (CSC) Study, involving a nationally representative sample of
8- to 18-year-olds in the United States, 8- to 12-year-olds reported an average of 4.6 hours
per day viewing screen media (accounting for 78% of total media exposure), while 13- to
18-year-olds reported an average of 6.67 hours per day viewing screen media (accounting
for 75% of total media exposure) (Rideout 2015). In the 2015 CSC Study, media exposure
included watching television, movies, and videos; playing video, computer, and mobile
games; listening to music; using social media; reading; and using digital devices for
entertainment purposes (e.g., browsing websites, video chatting, or creating digital art or
music), while screen media exposure included time spent in visual media activities on
screen devices, including watching television or videos, playing games, video chatting,
searching the Internet, and reading or writing on a computer, tablet, or smartphone for
entertainment purposes (does not include time spent listening to music through screen
devices) (Rideout 2015).
Prevalence data demonstrate that racial/ethnic minority and low socioeconomic status
children have more screen time than their white and high socioeconomic status
counterparts. Data from the 2015 CSC Study sample found that white, black, and Hispanic
8- to 12-year-olds reported an average of 4.00, 6.37, and 5.30 hours per day viewing screen
media, and that white, black, and Hispanic 13- to 18-year-olds reported an average of 6.30,
8.43, and 6.48 hours per day viewing screen media (Rideout 2015). Consistent with these
results, data from the 2009 Kaiser Family Foundation (KFF) Study, involving a nationally
representative sample of 8- to 18-year-olds in the United States, found that white, black,
and Hispanic 8- to 18-year-olds spent an average of 5.82, 8.72, and 8.75 hours per day
viewing television content, using computers, and playing video games (Rideout, Foehr, and
Roberts 2010).
Data from the 2015 CSC Study sample found that 8- to 12-year-olds from families with
lower, middle, and higher family incomes reported an average of 5.53, 4.53, and 3.77 hours
per day viewing screen media, while 13- to 18-year-olds from families with lower, middle,
and higher family incomes reported an average of 8.12, 6.52, and 5.70 hours per day
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viewing screen media (Rideout 2015). Data from the 2004 Youth Media Campaign
Longitudinal (YMCL) Survey, involving a nationally representative sample of 9- to 15year-olds in the United States, found the odds of exceeding 2 or more hours per day in
screen time were significantly higher for children in households with annual incomes ≤
$25,000 than for children in households with annual incomes > $75,000 (Carlson et al.
2010). In addition, the odds of exceeding 2 or more hours per day in screen time were
significantly higher for children with a household income of $25,001 to 50,000 and $50,001
to $75,000 than for children with a household income > $75,000 (Carlson et al. 2010).
Similar results were found among 2- to 15-year-olds in the 2001-2006 NHANES, which
showed that 51% of children from low- and middle-income households engaged in 2 or
more hours per day of screen time compared to 43% of children from high-income
households (Sisson et al. 2009).

Television
Television content is the largest source of media exposure among children aged 8 years
and younger in the United States (followed by reading or being read to, listening to music,
playing video games, and using computers), accounting for 55% of total media exposure
and 78% of total screen media exposure among children (Rideout 2013). In the 2013 CSM
Study sample, parents of children 8 years and younger reported their child spent an average
of 1.45 hours per day viewing television content, which included programming viewed on a
television set, On Demand programming, programming recorded and viewed at a later date,
DVDs, television or videos viewed on a computer, television or videos viewed on mobile
devices, and television or videos streamed (Rideout 2013).
Television content is also the largest source of media exposure among 8- to 12-year-old
children (followed by playing video games, listening to music, and reading) and among 13to 18-year-old children (followed by listening to music, playing video games, and using
social media) in the United States (Rideout 2015). In the 2015 CSC Study, television
content included programming viewed as broadcasted on a television set, programming
recorded and later viewed on a television set (e.g., recorded on a DVR, viewed On Demand,
streamed through a program such as Netflix), programming viewed online (e.g.,
downloaded or streamed to a computer, tablet, or smartphone), DVDs, and online videos
(e.g., from websites such as YouTube) (Rideout 2015).
In the 2015 CSC Study sample (Rideout 2015), 8- to 12-year-olds reported an average of
2.43 hours per day viewing television content, accounting for 41% of total media exposure
and 53% of total screen media exposure, while 13- to 18-year-olds reported an average of
2.63 hours per day viewing television content, accounting for 30% of total media exposure
and 39% of total screen media exposure. It’s important to note that these data represent the
average hours per day of television content viewing among all children, including those
who report viewing no television content. When examining television content use only
among users (85% of 8- to 12-year-olds and 81% of 13- to 18-year-olds), 8- to 12-year-olds
reported 2.85 hours per day viewing television content, and 13- to 18-year-olds reported
3.25 hours per day viewing television content.
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These recent data also demonstrate that racial/ethnic minority and low socioeconomic
status children view more television content than their white and high socioeconomic status
counterparts. In 2015, black and Hispanic 8- to 12-year-olds viewed more television content
(3.37 and 2.82 hr/day) than white 8- to 12 year-olds (2.08 hr/day), and black and Hispanic
13- to 18-year-olds viewed more television content (3.68 and 2.78 hr/day) than white 13- to
18-year-olds (2.37 hr/day). In addition, 8- to 12-year-olds from lower- and middle-income
families viewed more television content (2.85 and 2.55 hr/day) than 8- to 12-year-olds from
higher-income families (1.82 hr/day), and 13- to 18-year-olds from lower- and middleincome families viewed more television content (3.40 and 2.53 hr/day) than 13- to 18-yearolds from higher-income families (2.20 hr/day) (Rideout 2015).
A large level of background television among children in the United States (i.e., when
children are in a room with a television that is turned on, but no one is watching) is
indicative of the central role televisions play in families’ lives. Data from a 2009 nationally
representative sample of children aged 8 months through 8 years in the United States found
that younger children were exposed to an average of 3.87 hours per day of background
television (Lapierre, Piotrowski, and Linebarger 2012). In a case study that videotaped 10
subjects (8- to 10-year-olds watching television in their own homes) over 10 days,
providing an objective measure of actual viewing and background viewing, children were
not looking at the screen for a median of only 18% of the time they were in a room with the
television on (Borzekowski and Robinson 1999).
In the 2015 CSC Study sample, 34% of 8- to 12-year-olds and 37% of 13- to 18-yearolds indicated the television was on all or most of the time in their home (Rideout 2015).
Similar results were found in the 2009 KFF Study sample, with 45% of 8- to 18-year-olds
indicating the television was on most of the time even if no one was watching, and another
34% indicated the television was on some of the time even if no one was watching. As
expected, reported exposure to background television is associated with increased reported
television viewing. In that same 2009 study, 8- to 18 year-olds reporting high amounts of
background television also reported more time watching live television than children
exposed to low amounts of background television (3.28 versus 1.70 hr/day) (Rideout,
Foehr, and Roberts 2010).
Although television content accounts for the largest proportion of total screen media and
total media, it is not listed as children’s favorite media activity. Among 8- to 12-year-olds,
13% identified watching television as their favorite media activity, with playing video
games (22%) and reading (16%) being more popular choices. Among 13- to 18-year-olds,
9% identified watching television as their favorite media activity, with listening to music
(30%), playing video games (15%), reading (10%), and using social media (10%) being
more popular choices. In addition, 61% and 45% of 8- to 12-year-olds and 13- to 18-yearolds, respectively, indicated they enjoyed watching television a lot, and 46% and 45% of 8to 12-year-olds and 13- to 18-year-olds indicated they enjoyed watching online videos a lot
(Rideout 2015).
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Video Games
Video games are the second largest source of screen media among children aged 8 years
and younger, accounting for 16% of total screen media exposure. In the 2013 CSM Study
sample, children 8 years and younger spent an average of 0.30 hours per day playing video
games, which included the amount of time spent playing on a console player connected to a
television set, on a handheld gaming device, and on mobile devices, but not the amount of
time spent playing computer games (Rideout 2013).
Although television viewing is a larger source of screen media among children in the
United States, video game use accounts for 29% of total reported screen media exposure
among 8- to 12-year-olds and 20% of total reported screen media exposure among 13- to
18-year-olds. In the 2015 CSC Study, video game use included the amount of time spent
playing on a console video game player (e.g., Wii, Xbox, PlayStation), on a handheld
device (e.g., Nintendo DS, Game Boy, LeapPad), on mobile devices, and on a computer
(Rideout 2015).
In the 2015 CSC Study, 8- to 12-year-olds reported an average of 1.32 hours per day
playing video games, while 13- to 18-year-olds reported an average of 1.35 hours per day
playing video games. Again, it’s important to note that these data represent the average
hours per day playing video games across all children, including children who do not play
video games. In 2015, 66% of 8- to 12-year-olds and 56% of 13- to 18-year-olds reported
playing video games, and when examining video game use only among users, 8- to 12-yearold video game players reported an average of 2.00 hours per day playing video games and
13- to 18-year-old video game players reported 2.42 hours per day playing video games
(Rideout 2015).
In 2015, boys reported more time playing video games than girls (1.67 versus 0.95 hr/day
for 8- to 12-year-olds and 2.02 versus 0.65 hr/day for 13- to 18-year-olds). The association
between time spent playing video games and race/ethnicity is less consistent, with results
differing by age group. That same year, black and Hispanic 8- to 12-year-olds spent more
time playing video games (1.43 and 1.38 hr/day) than white 8- to 12-year-olds (1.33 hr/
day). In contrast, white 13- to 18-year-olds spent more time playing video games (1.45 hr/
day) than black and Hispanic 13- to 18-year-olds (1.32 and 1.18 hr/day) (Rideout 2015).
Similar to television viewing, low socioeconomic status children reported spending more
time playing video games than their higher socioeconomic status counterparts. In 2015, 8to 12-year-olds from lower- and middle-income families spent more time playing video
games (1.37 and 1.32 hr/day) than 8- to 12-year-olds from higher income families (1.28 hr/
day). In addition, 13- to 18-year-olds from lower-income families spent more time playing
video games (1.45 hr/day) than 13- to 18-year-olds from middle- and higher-income
families (1.32 and 1.32 hr/day) (Rideout 2015).

Computers
Computer use is a smaller source of screen media than television viewing and video
games among children aged 8 years and younger, accounting for 5% of total screen media

115

exposure. In the 2013 CSM Study sample, parents of children 8 years and younger reported
their child spent 0.10 hours per day using a computer, which included time spent using a
computer for entertainment purposes, such as viewing photos or graphics, playing games,
visiting social networking sites, and visiting other websites, but did not include time spent
using a computer for educational purposes or to watch television or videos, listen to music,
or to read (Rideout 2013).
In contrast to younger children, computer use is a large source of screen media among 8to 18-year-olds. In the 2015 CSC Study, computer use accounted for 11% of total screen
media exposure among 8- to 12-year-olds, with television sets (32%), tablets (20%), and
smartphones (17%) accounting for more screen media exposure. However, computers
accounted for 24% of total screen media exposure among 13- to 18-year-olds, behind only
smartphones (40%) as a percentage of screen media exposure (Rideout 2015).
In the 2015 CSC Study, computer use included all time spent using a computer for nonhomework purposes, including time playing computer games, watching online videos,
watching television online, browsing websites, listening to music, using social media,
making digital art or music, video chatting, writing, and reading. In these recent data, 8- to
12-year-olds reported an average of 0.52 hours per day using a computer, while 13- to 18year-olds reported an average of 1.62 hours per day using a computer. However, when
limited to the 22% of 8- to 12-year-olds and 38% of 13- to 18-year-olds who reported using
computers at all, 8- to 12-year-old computer users reported an average 2.43 hours per day
and 13- to 18-year-old computer users reported an average of 3.13 hours per day (Rideout
2015).
Playing computer games accounted for the largest proportion of computer use among 8to 12-year-olds (35%) and 13- to 18-year-olds (20%), with social media accounting for 4%
and 14% of computer use among 8- to 12-year-olds and 13- to 18-year-olds (Rideout 2015).
These reports differ from prior studies of U.S. children, demonstrating changes in the way
children interact with media. In the 2009 KFF Study, visiting social networking websites
accounted for the largest proportion of computer use among 8- to 18-year-olds (25%),
followed by playing games (19%), visiting video websites (16%), and instant messaging
(11%) (Rideout, Foehr, and Roberts 2010). Additional changes in children’s use of media
devices are discussed later in this chapter.
In contrast to television viewing, prevalence data demonstrate that in 2015, white 8- to
12-year-olds reported more time using a computer (0.57 hr/day) than black and Hispanic 8to 12-year-olds (0.40 and 0.45 hr/day). White 13- to 18-year-olds also reported more time
using a computer (1.77 hr/day) than black and Hispanic 13- to 18-year-olds (1.20 and 1.30
hr/day). The relationship between socioeconomic status and computer use is more complex,
however. In 2015, 8- to 12-year-olds from lower-income families reported about the same
or more time using a computer (0.58 hr/day) as 8- to 12-year-olds from middle- and higherincome families (0.55 and 0.42 hr/day). However, 13- to 18-year-olds from higher-income
families reported more time using a computer (1.73 hr/day) than 13- to 18-year-olds from
middle- and lower-income families (1.58 and 1.57 hr/day) (Rideout 2015).
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Social Media
Social media accounts for a large proportion of child screen media exposure, accounting
for 6% among 8- to 12-year-olds and 18% among 13- to 18-year-olds (Rideout 2015). In the
2015 CSC Study, 8- to 12-year-olds reported an average of 0.27 hours per day of social
media use, while 13- to 18-year-olds reported an average of 1.18 hours per day of social
media use, which included time spent on social networking sites and mobile apps such as
Facebook, Twitter, or Instagram (Rideout 2015). However, when limited to the 15% of 8- to
12-year-olds and 58% of 13- to 18-year-olds who report using social media, 8- to 12-yearold social media users report an average time of 1.72 hours per day and 13- to 18-year-old
social media users report an average of 2.07 hours per day.
Similar to video game playing, large differences in social media use occur by gender. In
2015, 8- to 12-year-old girls spent more time using social media (0.43 hr/day) than 8- to 12year-old boys (0.10 hr/day). Similarly, 13- to 18-year-old girls spent more time using social
media (1.53 hr/day) than 13- to 18-year-old boys (0.87 hr/day). Racial/ethnic minority
children also report using more social media than their white counterparts. In 2015, black 8to 12-year-olds reported more time using social media (0.58 hr/day) than Hispanic and
white 8- to 12-year-olds (0.40 and 0.13 hr/day), and black 13- to 18-year-olds reported
more time using social media (1.72 hr/day) than Hispanic and white 13- to 18-year-olds
(1.10 and 1.10 hr/day) (Rideout 2015).

Mobile Devices and Screen Time Changes
Large changes are occurring in the way children view television content and play video
games. From 2011 to 2013, the percentage of children 8 years and younger using mobile
devices increased substantially for viewing videos (20% versus 47%), watching television
and movies (11% versus 38%), and playing video games (33% versus 63%) (Rideout 2013).
Similar changes have occurred among older children.
Although television sets are still widely used to view screen media among children,
interactive devices such as smartphones and tablets are also commonly used among
children. Data from the 2015 CSC Study indicate that television sets account for the largest
proportion of screen time among 8- to 12-year-olds (32%), followed by tablets (20%),
smartphones (17%), and computers (11%). In contrast, smartphones account for the largest
proportion of screen time among 13- to 18-year-olds (40%), followed by computers (24%),
television sets (23%), and tablets (11%) (Rideout 2015).
In the KFF Study, live television programming (i.e., watching regularly scheduled
programming on a television set) accounted for 80%, 81%, and 59% of 8- to 18-year-olds’
television content in 1999, 2004, and 2009 (Rideout, Foehr, and Roberts 2010). However,
live television programming still accounted for 50% of 13- to 18-year-old’s television
content in the 2015 CSC Study (Rideout 2015). Although these data come from different
nationally representative samples of U.S. children, they provide evidence that large shifts
are occurring in the way children view television content.
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Data from the KFF Study show that console players that connect to television sets
accounted for 65% and 49% of video game use in 2004 and 2009 among 8- to 18-year-old
children (Rideout, Foehr, and Roberts 2010). Data from the 2015 CSC Study indicate that
these declines in console player use are continuing, since console players accounted for
36% of video game use among 8- to 12-year-olds and 39% of video game use among 13- to
18-year-olds (Rideout 2015). In line with these data, a greater proportion of video games
are being played on mobile devices. Data from the 2010 KFF Study showed that cell
phones accounted for 23% of video game use among 8- to 18-year-old children in 2009.
Data from the 2015 CSC Study indicate that mobile devices accounted for 42% of video
game use among 8- to 12-year-olds and 31% of video game use among 13- to 18-year-olds.
As more children gain access to computers and mobile devices, more content is made
available for them, screen media become more interactive, and new technologies emerge,
these trends are anticipated to continue. Therefore, it will be necessary to examine the
effects these trends and new uses of screen media have on children’s health. For example,
some families have reported replacing Lego and similar building block toys with electronic
building block games; one of these products has been downloaded more than 20 million
times (Nunneley 2013). As more children move away from television sets, desktop
computers, and video game console players toward mobile devices, there also may be
changes in the contexts of screen viewing (i.e., what, when, where, how, and with whom
they are viewing) that influence child health and development. These changes will need to
be examined.

Parental Rules and the Home Environment
Survey data demonstrate that many parents take an active role in their children’s media
use by having conversations with them on the subject. In 2015, 84% of 8- to 12-year-olds
and 66% of 13- to 18-year-olds reported that their parents had talked with them about the
types of media they can use, and 72% of 8- to 12-year-olds and 53% of 13- to 18-year-olds
reported their parents had talked with them about how long they can spend using media.
Among children who said they often or sometimes view television, 78% of 8- to 12-yearolds and 58% of 13- to 18-year-olds reported their parents knew a lot about the television
shows they watch (Rideout 2015).

Screen-Time Use Rules
Survey data demonstrate that only about half of children in the United States report that
their families have screen viewing rules and that children are more likely to have rules
limiting screen media content than screen time. In the 2009 KFF Study sample, 46% of 8to 18-year-olds reported having rules about what they were allowed to watch on television,
52% about what they were allowed to do on a computer, and 30% about which video games
they were allowed to play. In comparison, only 28% had rules about how much time they
could spend watching television, 36% about how much time they could spend using a
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computer, and 30% about how much time they could spend playing video games (Rideout,
Foehr, and Roberts 2010).
Similar to screen time viewing, there is an association between race/ethnicity and
socioeconomic status with screen viewing rules. White and high socioeconomic status
children are more likely to report screen viewing rules than their racial/ethnic minority and
low socioeconomic status counterparts. In the 2009 KFF Study sample, the proportion of
white, black, and Hispanic 8- to 18-year-olds with screen viewing rules was 29%, 26%, and
26% for television; 37%, 34%, and 33% for computers; and 31%, 27%, and 28% for video
games, respectively. In the 2004 KFF Study sample, the proportion of children with screen
viewing rules from low, middle, and high parental education households was 9%, 15%, and
16% for television; 23%, 27%, and 32% for computers; and 22%, 19%, and 26% for video
games, respectively (Roberts, Foehr, and Rideout 2005). A similar pattern but much higher
rates of rules was found in the Neighborhood Impact on Kids (NIK) Study, a longitudinal,
observational cohort of 6- to 11-year-olds in Washington and California, where 70% of
children from low and middle parental education households had rules limiting television
and video game use to less than 2 hours per day, compared to 76% of children from high
parental education households (Tandon et al. 2012). One possible explanation for the
difference in prevalence of rules between these two samples is that the KFF Study data are
from child reports while the NIK data are from parent reports.
Evidence suggests that screen time rules are inversely associated with the amount of
screen time reported by children. In the 2009 KFF Study sample, 8- to 18-year-olds who
reported having some media use rules reported less total media exposure (2.87 hr/day less)
than those with no media rules (Rideout, Foehr, and Roberts 2010). Similar results were
found in the 2004 YMCL Survey (Carlson et al. 2010), where the odds of having more than
2 hours per day of screen time were significantly lower for children who “really agreed”
their parents had rules limiting their television time than for children who “really
disagreed.” In addition, the odds of having more than 2 hours per day of screen time were
significantly lower for children who “really agreed” their parents had rules limiting their
video game time than for children who “really disagreed.” These findings suggest that
screen time rules may play an important role in limiting screen time viewing among
children.

Media Environment
The media environment can also influence children’s screen media exposure. Most
children in the United States report being surrounded by a large number of media devices in
their home. In addition, media devices have become more interactive in recent years,
leading to large changes in children’s media environment. Data from a nationally
representative sample of parents of children 8 years and younger showed large increases
from 2011 to 2013 in home ownership of smartphones (41% versus 63%), tablets (8%
versus 40%), and iPods or similar devices (21% versus 27%) (Rideout 2013).
Data from a nationally representative sample of 8- to 12-year-olds in 2015 showed home
ownership was high for television sets (94%), video game consoles (81%), tablets (80%),
smartphones (79%), laptop computers (73%), desktop computers (56%), and portable game
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players (53%). Similar results were found for 13- to 18-year-olds, where home ownership
was also high for television sets (95%), smartphones (84%), video game consoles (83%),
laptop computers (77%), tablets (73%), desktop computers (63%), and portable game
players (45%) (Rideout 2015).
Data from separate sets of nationally representative samples indicate that personal
ownership of smartphones and tablets have increased in recent years. Survey data from 12to 17-year-olds in 2012 showed that 37% owned a smartphone and 23% owned a tablet
computer (Madden et al. 2013). However, survey data from 8- to 12-year-olds in 2015
showed that 24% owned a smartphone and 53% owned a tablet, and that 67% of 13- to 18year-olds owned a smartphone and 37% owned a tablet (Rideout 2015). These ownership
data are in line with prevalence data demonstrating children’s increased use of mobile
devices to view screen media (Rideout 2015; Rideout, Foehr, and Roberts 2010).
The 2013 CSM Study found that 36% of children age 8 years and younger had a
television in their bedroom (Rideout 2013). In addition, the 2015 CSC Study found that
47% of 8- to 12-year-olds and 57% of 13- to 18-year-olds had a television in their bedroom
(Rideout 2015). These rates are dramatically counter to the American Academy of
Pediatrics recommendation to avoid placing televisions and Internet-connected devices in
children’s bedrooms (Council on Communications and Media 2011).
Similar to screen time viewing and screen viewing rules, the presence of a television in
the bedroom is associated with race/ethnicity and socioeconomic status. Data from the 2013
CSM Study sample found that among children 8 years and younger, the proportion of white,
black, and Hispanic children with a television in their bedroom was 28%, 61%, and 50%,
and the proportion from high, middle, and low parental education households with a
television in their bedrooms was 16%, 46%, and 56% (Rideout 2013). Data from the 2015
CSC Study found that among 8- to 12-year-olds, the proportion of white, black, and
Hispanic children with a television in their bedroom was 37%, 77%, and 59%, and the
proportion of white, black, and Hispanic 13- to 18-year-olds with a television in their
bedroom was 54%, 76%, and 58%. In addition, the proportion of 8- to 12-year-olds from
higher-, middle-, and lower-income families with a television in their bedroom was 29%,
47%, and 66%, and the proportion of 13- to 18-year-olds from higher-, middle-, and lowerincome families with a television in their bedroom was 46%, 57%, and 69% (Rideout
2015).
As expected, having a television in the bedroom is associated with increased screen time
among children. In the 2009 KFF Study sample, 8- to 18-year-olds with a television in their
bedroom spent more time watching live television than children without a television in their
bedroom (2.97 versus 1.90 hr/day) (Rideout, Foehr, and Roberts 2010). Similar results were
found in the 2007 National Survey of Children’s Health (Sisson and Broyles 2012) and in a
large epidemiological study of 4- to 8-year-olds in the Netherlands (de Jong et al. 2013).
These findings are consistent with the suggestion that children with greater environmental
access to media devices will spend more time using them.
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Screen Time and Body Weight
The relationship between screen media exposure and obesity is one of the most studied
areas of media and health research. Epidemiological studies have generally observed
positive associations between screen time and obesity (Chaput, Klingenberg, et al. 2011;
Council on Communications and Media 2011). For example, a 4-year longitudinal cohort
study of a nationally representative sample of 10- to 15-year-olds in the United States
observed a strong dose–response relationship between the number of hours per day children
viewed television and the prevalence of overweight; the odds of being overweight were
significantly higher for children who viewed television for more than 5 hours per day than
for children who viewed television for 2 or less hours per day. In addition, estimates of
attributable risk demonstrated that 60% or more of the overweight incidence observed in
this study sample was potentially linked to excess television viewing (Gortmaker et al.
1996). Similar results were found in a study using pooled data from four population-based
German studies of 3- to 18-year-olds, where less than 1 hour per day of television and
computer screen time was associated with an 11% lower prevalence of overweight in the
study sample (Plachta-Danielzik et al. 2012).
Long-term cohort studies have also demonstrated that increased television viewing
during childhood is a significant predictor of overweight and obesity in adulthood. Data
from the 1970 British Birth Cohort Study found that greater total hours per day of weekend
television viewing at 5 years of age predicted higher body mass index (BMI) at 30 years of
age. In addition, each additional hour of television viewed on weekends at 5 years of age
was associated with a 7% increased risk of obesity at 30 years of age (Viner and Cole
2005). Similar results were found in a longitudinal birth cohort study of New Zealand
children, where greater hours per day of weekday television viewing between 5 and 15
years of age predicted higher BMI at 26 years of age. Estimates of attributable risk in this
study indicated that up to 17% of the overweight prevalence observed at 26 years of age
was potentially linked to viewing television for more than 2 hours per day on weekdays
during childhood and adolescence (Hancox, Milne, and Poulton 2004).
In contrast to the television viewing research literature, the research examining
associations between computer use and video game playing with overweight and obesity is
more limited, and has produced inconsistent results. However, recent observational studies
indicate there may be a direct association between computer use (Russ et al. 2009) or video
game playing (Chaput, Klingenberg, et al. 2011) with overweight and obesity. It is likely
this research has been hampered by limitations in accurately measuring computer and video
game use. As a result, improving the measurement of screen media use in children will be
important for understanding whether computer and video game use influence overweight
and obesity and child health.
\qqstart marketing excerpt 2: screen time and cardiometabolic risk factors in children
\
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Screen Time and Cardiometabolic Risk Factors
In addition to the relationships with overweight and obesity, there is mounting evidence
that screen time is associated with other cardiometabolic risk factors such as hypertension,
high cholesterol levels, insulin resistance and type 2 diabetes mellitus, and metabolic
syndrome (Council on Communications and Media 2011). A study of 6- to 19-year-olds in
the 2003-2004 and 2005-2006 NHANES found that the odds of having a higher
cardiometabolic risk score (calculated from waist circumference, resting systolic blood
pressure, non-high-density lipoprotein cholesterol, and C-reactive protein) were
significantly higher for children who viewed 4 or more hours per day of television than for
children who viewed less than 1 hour per day, adjusting for demographic characteristics,
smoking, total calories from fat, total calories from saturated fat, dietary cholesterol intake,
sodium intake, and physical activity (Carson and Janssen 2011). Similar results were found
in a population-based sample of Portuguese 2- to 12-year-olds in the 2009 and 2010
Portuguese Prevalence Study of Obesity in Childhood, which found that higher television
viewing time was significantly associated with an unfavorable cardiometabolic risk score
(calculated from resting heart rate, resting diastolic blood pressure, resting systolic blood
pressure, BMI, and skinfold thickness), adjusting for age, gender, parental education,
parental BMI, perceptions of crime in the area, sleep duration, birth weight, duration of
breastfeeding, a “bad diet” score, number of fruit portions eaten per week, and physical
activity. This study also found significant positive associations between television viewing
and resting systolic blood pressure and resting diastolic blood pressure (Stamatakis et al.
2013). In addition, a cross-sectional study of overweight and obese 14- to 18-year-olds
found a significant positive association between television viewing and fasting insulin and
HOMA-IR (indicators of insulin resistance), adjusting for demographic characteristics,
waist-to-hip ratio, total caloric intake, percent of caloric intake from carbohydrate, and
physical activity (Goldfield et al. 2013).
Although more limited than the television viewing research literature, recent studies
provide some evidence for associations between computer use and video game playing with
cardiometabolic risk factors. A cross-sectional study of overweight and obese 12- to 18year-olds found a significant positive association between computer use and total
cholesterol and low-density-lipoprotein cholesterol, adjusting for age, gender, pubertal
stage, race/ethnicity, and physical activity (Altenburg et al. 2012). Another cross-sectional
study of overweight and obese 14- to 18-year-olds found a significant positive association
between video game playing and systolic blood pressure and ratio of total cholesterol to
high-density lipoprotein, adjusting for demographic characteristics, BMI, sexual maturity,
total caloric intake, percent of caloric intake from dietary fat, and physical activity
(Goldfield et al. 2011).
\qqBegin special element\
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Mechanisms Linking Screen Time and Obesity and Other
Cardiometabolic Risks
Five mechanisms have been hypothesized to explain screen media viewing’s contribution
to obesity and other cardiometabolic risk factors (Council on Communications and Media
2011; Robinson 2001):
1. Screen media viewing decreases metabolic rate.
2. Screen media viewing displaces sleep or disturbs sleep patterns.
3. Screen media viewing displaces physical activity, resulting in reduced energy
expenditure.
4. Dietary energy intake increases and dietary quality decreases during screen media
viewing.
5. Dietary energy intake increases and dietary practices worsen in response to
advertising.
Although all of these mechanisms may be playing at least some role in the development
of obesity and other cardiometabolic risk factors, limited evidence exists for the first three
mechanisms. To date, the bulk of epidemiological and experimental studies are providing
the greatest support for the fourth and fifth mechanisms.
\qqEnd special element\
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Screen Time, Physical Activity, and
Cardiorespiratory Fitness
The research literature examining the effects of screen media viewing on physical
activity has been inconsistent, with many observational studies showing that greater screen
time is associated with less physical activity, and many others finding no relationship
between screen time and physical activity (Council on Communications and Media 2011).
Because the research literature consists primarily of observational studies, and only
experimental studies can establish a causal relationship between screen time viewing and
physical activity, more experimental studies are needed to better understand the effects of
screen time viewing on physical activity.
Results from experimental studies provide limited evidence that decreasing screen time
results in increased physical activity. For example, Epstein and colleagues (2005b)
examined how experimental changes in screen media viewing (i.e., watching television or
videos, playing video games, and using a computer recreationally) might influence physical
activity. In a crossover design with three 3-week phases (baseline, increasing screen media
viewing by 25–50%, and decreasing screen media viewing by 25–50%) among 8- to 16-
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year-olds, there was a significant decrease in accelerometer-measured physical activity
when screen media viewing was increased, but no significant change in accelerometermeasured physical activity when screen media viewing was decreased. Further, children
with a greater BMI were more likely to decrease physical activity when screen media
viewing increased.
Results from screen-time-reduction interventions also provide limited evidence that
decreasing screen time results in increased physical activity. For example, a school-based
randomized controlled trial among third and fourth grade children found that although
treatment participants significantly reduced their self-reported television viewing and
computer use compared to control participants, there was no significant difference between
treatment and control participants for changes in self-reported moderate- to vigorousintensity physical activity (Robinson 1999). Similar results were found in a separate
randomized controlled trial of 4- to 7-year-olds and their families; although treatment
participants significantly reduced their self-reported television viewing and computer use
compared to control participants, there was no significant difference between treatment and
control participants for changes in accelerometer-measured physical activity (assessed as
mean counts per min) (Epstein et al. 2008).
In contrast to these findings, some studies have indicated that screen time viewing is
negatively associated with cardiorespiratory fitness independent of physical activity. The
United Kingdom’s East of England Healthy Hearts Study, a cross-sectional school-based
study of 10- to 16-year-olds, found that the odds of being physically fit (based on age- and
gender-specific cut points for the 20 m shuttle run) were significantly lower for children
who had more than 4 hours per day of screen time than for children who had less than 2
hours per day, adjusting for age, gender, socioeconomic status, race/ethnicity, BMI, and
physical activity (Sandercock and Ogunleye 2013). Further, a longitudinal study using a
subsample of children from the East of England Healthy Hearts Study (mean baseline age =
11.5 years) found that the odds of becoming physically unfit at a 2-year follow-up were
significantly higher for children who had 2 or more hours per day of screen time than for
children who had less than 2 hours per day (Aggio et al. 2012). Similar results were found
in a longitudinal sample from the HEALTHY Study, a cluster randomized controlled trial of
middle schools in the United States, where there was a significant negative association
between screen time and cardiorespiratory fitness (measured with the 20 m shuttle run test)
from ages 11 to 13 years, adjusting for household education, child BMI, and physical
activity (Mitchell, Pate, and Blair 2012). These results are important because they suggest
that the relationship between screen media viewing and cardiorespiratory fitness may be
independent of any changes in physical activity. However, experimental studies are needed
to determine whether causal relationships exist.

Screen Time and Dietary Habits
Epidemiological studies have found that increased screen media viewing in children is
associated with worse dietary habits, including less fruit and vegetable consumption and
greater consumption of energy-dense snacks, energy-dense drinks, fast food, and total

124

energy intake (Pearson and Biddle 2011). A cross-sectional study using 2003-2006
NHANES data found that compared to viewing television for 4 or more hours per day,
viewing television for less than 1 hour per day was significantly associated with a healthier
diet (i.e., higher Healthy Eating Index 2005) among 2- to 5-year-old, 6- to 11-year-old, and
12- to 18-year-old children, adjusting for demographic characteristics, BMI, physical
activity, and total energy intake (Sisson et al. 2012). Similarly, a study using data from the
2009 Health Behavior in School-Aged Children Study (Lipsky and Iannotti 2012), a
nationally representative sample of children in the 5th through 10th grades in the United
States, found that television viewing was significantly negatively associated with daily fruit
consumption and significantly positively associated with daily consumption of candy and
chocolate, soft drinks with sugar, and fast food, adjusting for demographic characteristics,
computer use, physical activity, and family affluence. In addition, computer use was
significantly positively associated with daily consumption of candy and chocolate, soft
drinks with sugar, and fast food, adjusting for demographic characteristics, television use,
physical activity, and family affluence.
A prospective observational study of children (mean age = 11.7 years) living in
Massachusetts found that a 1-hour increase in television viewing was significantly
associated with an average 106 kcal per day increase in total energy intake, adjusting for
demographic characteristics, BMI, and change variables for other behaviors (i.e., reading or
doing homework, playing video and computer games, and doing physical activity)
(Sonneville and Gortmaker 2008). Further, a 1-hour increase in video and computer game
playing was significantly associated with an average 92 kcal per day increase in total energy
intake, adjusting for demographic characteristics, BMI, and change variables for other
behaviors (i.e., reading or doing homework, watching television, and doing physical
activity). A longitudinal study of Norwegian 11- to 13-year-olds in the Health in
Adolescents intervention study also found that changes in television and DVD use over 20
months was significantly negatively associated with changes in vegetable consumption and
significantly positively associated with changes in consumption of soft drinks with sugar
and unhealthy snacks. In addition, changes in computer and game use over 20 months were
significantly negatively associated with changes in fruit and vegetable consumption and
significantly positively associated with changes in consumption of soft drinks with sugar
and unhealthy snacks (Gebremariam et al. 2013).
Experimental research has demonstrated increased energy intake in response to screen
media use. For example, in a randomized crossover design study of healthy normal-weight
adolescents (mean age = 16.7 years), ad libitum energy intake after 1 hour of video game
playing was an average of 80 kcals greater than ad libitum energy intake after 1 hour of rest
(Chaput, Visby, et al. 2011). Importantly, the increased food intake with video game playing
was observed without increased sensations of hunger and was not compensated for during
the rest of the day (Chaput, Visby, et al. 2011). In a crossover design with three 3-week
phases (baseline, increasing screen media viewing by 25–50%, and decreasing screen media
viewing by 25–50%) among 8- to 12-year-olds, there was a significant 281 kcal per day
decrease in caloric intake when screen media viewing was decreased, but no significant
change in energy intake when screen media viewing was increased (Epstein et al. 2002).
Similar results were found in a separate crossover design with three 3-week phases
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(baseline, increasing screen media viewing by 25–50%, and decreasing screen media
viewing by 25–50%) among 12- to 16-year-olds, where there was a significant 463 kcal per
day decrease in energy intake when screen media viewing was decreased, but no significant
change in energy intake when targeted screen media viewing was increased (Epstein et al.
2005a).
Screen-time-reduction interventions have also shown reductions in energy intake in
response to reductions in screen time. A randomized controlled trial of screen time
reduction among 4- to 7-year-olds and their families found that treatment participants
significantly reduced their self-reported television viewing and computer use and their selfreported energy intake compared to control participants (Epstein et al. 2008). Results from
these epidemiological and experimental studies demonstrate that decreasing screen viewing
time can reduce dietary energy intake and can be an important component of obesity
prevention interventions (Epstein et al. 2005a).

Eating While Viewing
One of the ways that screen media use may lead to increased energy consumption and
poor nutrition is from eating while viewing. Research demonstrates that children consume a
large proportion of their daily calories and meals while watching screen media. For
example, an ethnically diverse sample of third grade children and a predominately Latino
sample of fifth grade children in California consumed 18% and 26% of their total daily
calories while watching television on weekday and weekend days, respectively, and
consumed 18% to 23% and 37% to 51% of breakfast meals, 36% to 45% and 31% to 34%
of dinner meals, and 59% to 67% and 39% to 45% of snacks while watching television on
weekdays and weekends (Matheson, Killen, et al. 2004). Similarly, 8- to 10-year-old
African American girls in the Girls Health Enrichment Multisite Studies in four cities
across the United States consumed 27% to 35% of their total daily calories while watching
television and consumed 19% to 46% of breakfast meals, 40% to 50% of dinner meals, and
22% to 44% of snacks while watching television (Matheson, Wang, et al. 2004).
Some excessive eating during viewing may simply be due to the large amount of time
spent in screen media viewing and the types of foods and beverages that are easier to
consume while viewing. In addition, there is a building body of evidence that screen media
viewing may have specific effects in increasing energy consumption, with several different
mechanisms having been proposed. Screen media viewing may trigger eating independent
of hunger (e.g., prompting eating by the association of television viewing with eating),
extend the duration of eating (e.g., eating until the television show is done or the game is
over), or obscure self-monitoring of eating and awareness of satiety cues (Wansink 2004).
Watching screen media may also impair the development of satiety by interfering with the
habituation of gustatory and olfactory cues and may shift attention away from processing
food and satiety cues, slow the rate of habituation of food cues, and lead to additional eating
after habituation has occurred (Epstein et al. 1997; Temple et al. 2007). Evidence also exists
that eating may be more susceptible to distraction among obese than normal-weight people
(Rodin 1974), leading to greater overconsumption of calories while watching television or
other screen media.
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Food Advertising to Children
Food advertising is the other factor thought to explain increased energy consumption and
poor dietary practices due to screen media viewing. The Federal Trade Commission
reported that in 2009, $9.65 billion was spent marketing food in the United States. Of this
spending, $1.79 billion was spent marketing to 2- to 17-year-olds, with quick service
restaurant food and carbonated beverage marketing accounting for $1.10 billion of spending
in children. Television marketing accounted for the largest proportion of spending on
advertising to children in 2009 (35%) (Leibowitz et al. 2012). Nielsen data demonstrated
that in 2011, 2- to 11-year-olds and 12- to 17-year-olds viewed an average of 13.1 and 16.5
food, beverage, and restaurant advertisements per day on television, respectively (Dembek,
Harris, and Schwartz 2014).
The Federal Trade Commission reported that food marketing to children on new media
(e.g., mobile, online, viral marketing) accounted for 7% of total food marketing spending to
children in 2009, an increase of 50% from 2006 (Leibowitz et al. 2012). As noted
previously, children are moving away from traditional screen devices (e.g., television sets
and video game consoles) toward mobile devices and online viewing. Unfortunately, little is
known about the effects of Internet (Blades, Oates, and Li 2013) and mobile advertising on
children. As a result, examining the effects of advertising on these media on child health
will be important as more children increase their use of mobile devices and consumption of
online content.
Data from the 2002 Panel Survey of Income Dynamics, a longitudinal study of 7- to 13year-olds in the United States, found that viewing television with in-program
advertisements was significantly positively associated with BMI z-scores, adjusting for
demographic characteristics, mother BMI, and average sleep duration (Zimmerman and
Bell 2010). In contrast, viewing television without in-program commercials was not
associated with BMI z-scores (Zimmerman and Bell 2010).
The most convincing evidence that advertising has a large effect on children’s eating
behaviors and food preferences comes from experimental studies. For example, a
randomized controlled trial among 7- to 11-year-olds demonstrates the power of food
advertising to prime automatic eating behaviors (Harris, Bargh, and Brownell 2009).
Children were randomly assigned to view either a 14-minute cartoon embedded with four
30-second food commercials or a 14-minute cartoon embedded with four 30-second nonfood commercials. Children in both conditions were presented with a large bowl of cheddar
cheese goldfish crackers and a glass of water, which were not advertised to either group,
and were told they could have a snack while watching. The results showed that children
randomly assigned to the food commercial group consumed 45% more crackers than
children who saw the same cartoon without food commercials.
Another randomized controlled trial among 2- to 6-year-olds demonstrates that even a
single exposure to food commercials can influence children’s food preferences
(Borzekowski and Robinson 2001). Children were randomly assigned to view either two
13-minute animated programs embedded with a 2.5-minute education segment on sea
creatures between the programs or two 13-minute animated programs embedded with 10- to
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30-second food commercials between the programs and at the end of the programs. After
viewing the animated programs, children were asked to pick from nine pairs of photos of
similar looking brands, matched for packaging color, shape, and content, and state which
product they would like (i.e., prefer). The results show that children exposed to food
commercials were significantly more likely to choose the advertised food items than
children who saw the same program without commercials.
Finally, an experimental trial among 3- to 5-year-olds demonstrated that branding alone
can strongly influence young children’s actual taste perceptions, even beyond their
preferences. Children were asked to taste five randomly ordered, side-by-side pairs of
identical foods and beverages with McDonald’s packaging and matched but unbranded
packaging. Children were then asked to indicate whether the foods tasted the same or
whether one tasted better. The children significantly preferred the taste of foods and drinks
if they thought they were from McDonald’s, and effects of branding were significantly
greater among children with more television sets in their homes (Robinson et al. 2007).

Experimental Studies of Reducing Screen Time
Only experimental studies can establish causal relationships between screen media
viewing and health. With the average child’s screen media exposure currently at such high
levels, the question of greatest practical and public health policy significance is not whether
increased screen media use will harm health, but whether reducing screen media exposure
will lead to health and developmental benefits (Robinson 1999). There have now been a
number of experimental trials of reducing children’s screen time that start to answer this
question.
The first to address screen time exclusively was a 7-month, school-based, randomized
controlled trial among third and fourth grade children from two schools in San Jose,
California (Robinson 1999). Schools were randomized to either an assessment-only control
group or to a treatment condition consisting of an 18-lesson screen time reduction
curriculum delivered by the regular classroom teachers. The lessons included a television
turnoff that challenged children to not watch television or videotapes or play video games
for 10 days. Classroom activities focused on topics such as self-monitoring television,
videotape, and video game use to motivate children to reduce time spent in these activities;
teaching children to become “intelligent viewers” by using their viewing and video game
time selectively; and enlisting children as advocates for reducing media use. In addition,
families received an electronic television time manager to assist with screen-time budgeting
and instructional newsletters to assist them in helping their children stay within their
viewing time budgets and promote strategies for limiting television, videotape, and video
game use for the entire family. Over the 7 months of the trial, participants randomized into
the treatment condition significantly reduced their self-reported television viewing, video
game use, and number of meals eaten in front of the television and significantly slowed
their gain in BMI, triceps skinfold thickness, waist circumference, and waist-to-hip ratio
compared to controls. Additional analysis found that, compared to control participants,
participants randomized into the treatment condition also significantly decreased their
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aggressive behaviors (Robinson, Wilde, et al. 2001) and their consumeristic behaviors
(Robinson, Saphir, et al. 2001).
The longest screen-time-reduction study to date was a 2-year randomized controlled trial
among 70 4- to 7-year-olds and their families (Epstein et al. 2008). Participants were
randomized to either a control group, where they received parenting newsletters but were
allowed free access to television and computers, or to a treatment condition that involved
installing an electronic television time manager to each television and computer monitor in
the participant’s home. The treatment consisted of study staff setting weekly time budgets
for television viewing, computer use, and associated sedentary behaviors. The budget was
reduced by 10% of its baseline viewing level once a month until it was reduced to 50% of
the baseline level. In addition, parents were instructed to praise their child for reducing
television viewing and engaging in alternative behaviors. Decreases in screen time were
reinforced with the use of a star chart, in which participants were praised by study staff
during home visits on the number of stars they had earned. Once participants reached a 50%
decrease in screen time, the star chart was discontinued and changes in screen time were
supported through tailored monthly newsletters and parental praise. Compared to control
participants, participants randomized to the treatment group had significant decreases in
television viewing and computer use, BMI z-score, and caloric intake that persisted for 2
years. Mediational analysis suggested that the effects on BMI were associated with
reductions in dietary intake rather than increased physical activity.
Together, these and other experimental studies of reducing screen time as part of
multiple-component interventions (Epstein et al. 2005b; Gortmaker et al. 1999) demonstrate
the causal relationship between screen media viewing and weight gain and show that
reducing screen time results in significant reductions in BMI gain in children. There is great
promise in applying this experimental model to test the effects of reduced screen time on
other risk factors and outcomes, overcoming the many limitations of observational studies.

Summary
National survey data demonstrate that children in the United States spend a large portion
of their lives using screen media—an average of more than 7 hours per day viewing
television content, using computers, and playing video games among 8- to 18-year-old
children. These data also indicate that racial/ethnic minority and lower socioeconomic
status children spend disproportionately more time viewing screen media. Screen time has
been identified as one of the most modifiable causes of obesity and other cardiometabolic
risk factors in children. The American Academy of Pediatrics advises parents to limit total
entertainment screen time to less than 2 hours per day, discourage screen media exposure
for children less than 2 years of age, and avoid placing televisions and Internet-connected
devices in children’s bedrooms. Despite these recommendations, only about half of children
in the United States report having time use rules for screen time, and the vast majority have
televisions in their bedrooms.
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Evidence from epidemiological studies and experimental trials indicates that screen
media viewing contributes to obesity and other cardiometabolic risks. The mechanisms
appear to be primarily through increased dietary energy intake and poor dietary practices
during screen time viewing and in response to food advertising. Novel randomized
controlled trials have been successful in reducing screen time and BMI gain in children.
Additional experimental trials are needed to test the effects of reducing screen media
viewing on other child health characteristics.
An important area of uncertainty is the effects of newer and often more interactive forms
of screen media use, including online viewing, mobile phones, tablet computers, and
handheld video games. National survey data demonstrate that large changes are occurring in
the way children use media, shifting from more traditional passive viewing (e.g., television
sets, video game console players) toward interactive and mobile devices. The effects of
these new types of screen media use on child health are still unknown, and should be
prioritized in future research. In addition, the potential of using screen media, new and old,
to promote positive benefits to children’s health and behaviors has been mostly unrealized
to date and may represent an important opportunity.
\qqBegin special element\

Key Concepts
• American Academy of Pediatrics Recommendations: The American Academy of
Pediatrics advises parents to limit children’s total entertainment screen time to less than
2 hours per day, discourage screen media exposure for children less than 2 years of age,
and avoid placing televisions and Internet-connected devices in children’s bedrooms.
• Healthy People 2020 Screen Time Objectives: To increase the proportion of children
and adolescents aged 2 to 18 years who view television and videos or play video games
for no more than 2 hours per day and use a computer or play computer games outside of
school (for non-school work) for no more than 2 hours per day.
• Media exposure: Commonly described as time spent watching television, movies, and
videos; playing video, computer, or mobile games; listening to music; using social
media; reading; and using digital devices for entertainment purposes (e.g., browsing
websites, video chatting, or creating digital art or music).
• Screen media exposure: Commonly described as time spent in visual media activities
on screen devices, including watching television or videos, playing games, video
chatting, searching the Internet, and reading or writing on a computer, tablet, or
smartphone for entertainment purposes (does not include time spent listening to music
through screen devices).
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Study Questions
1. Describe positive and negative effects of screen media on child health.
2. State the American Academy of Pediatrics’ three screen time exposure
recommendations.
3. State the largest source of media exposure among children.
4. Explain why age 13 appears to be a pivotal age for greater reported screen media use.
5. Discuss changes taking place in the way children view and interact with screen media.
6. Explain how parental screen media rules may play an important role in limiting
screen time viewing among children.
7. Discuss limitations affecting the understanding of the relationship between computer
use and video games with child health, and how these limitations can be addressed in
future research.
8. State five mechanisms hypothesized to explain screen media viewing’s contribution to
obesity and other cardiometabolic risk factors.
9. State a hypothesized mechanism explaining how screen media viewing may have
specific effects on children’s increased energy consumption.
10. Explain how food advertisements prime automatic eating behaviors and influence
children’s food preferences and how branding influences children’s taste perceptions.
\qqEnd special element\
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Chapter 6
Regulated Sedentary Behavior
in Occupations
Kenneth A. Glover, MS, MBA; and Weimo Zhu, PhD
\qqBegin special element\
The reader will gain an overview of the influence of economic forces and governmental
regulation on sedentary behavior. By the end of this chapter, the reader should be able to do
the following:
•
•
•
•
•
•
•
•
•
•
•
•
•

Identify the three economic sectors
Describe how the U.S. economy has changed over time
Define deindustrialization
Discuss how economic change has influenced occupational physical activity
Describe how energy expenditure affects health risks
Identify strategies employers use to combat the health effects of physical inactivity
Discuss the U.S. government’s regulatory process
Explain how regulation promotes innovation
Discuss why regulation is imperfect
Illustrate how regulation can produce unintended social consequences
Identify methods for enhancing the regulatory decision-making process
Discuss how nudges can be used to improve physical activity
Summarize the effects of government regulation on occupational physical activity

\qqEnd special element\
This chapter defines regulated sedentary behavior as that caused by a regulation, policy,
or an involuntary environment.
Over the past century, the United States has experienced remarkable social and economic
transformations that have been attributed to technological advancements, consumer
affluence, and global competition (Kollmeyer 2009). To remain competitive, businesses
invest in technology to improve work efficiencies, reduce production costs, and increase
production outputs (Bell 1973). Unfortunately, these same technologies that make our lives
easier and promote economic growth can have important societal costs in the forms of
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reduced occupational energy expenditure and increased obesity rates (Philipson and Posner
2003).
To remain competitive in a global economy, businesses depend on the expansion of
human knowledge to innovate and create new technologies (Drucker 2001; Kuznets 1973).
The U.S. government encourages innovative growth through regulatory processes to ensure
economic competitiveness and protect social welfare (Executive Order 13563 2011).
Regrettably, the current regulatory process is imperfect, and creates unintended social
consequences (Joskow 2010; Orbach 2013; Sunstein 2002). One of the unintended social
consequences of innovation—through regulation—is the increase in sedentary occupations
that have emerged from economic restructuring.
Today, developed societies are spending more time engaged in sedentary behaviors due
to reductions in physical work, increases in labor-saving technologies, greater reliance on
motor transportation, increases in modern conveniences, and decreases in walking and
cycling (Brownson, Boehmer, and Luke 2005; Fox and Hillsdon 2007). Objective and
subjective studies have shown that today’s work environment contributes to high volumes
of time performing sedentary work, requiring prolonged periods of time spent sitting
(Clemes, O’Connell, and Edwardson 2014; Thorp et al. 2011; Tudor-Locke et al. 2011).
Sedentary work leads to negative health consequences because it elevates the risk for allcause cardiovascular mortality (Katzmarzyk et al. 2009; Morris et al. 1953).

Economic Sectors
The agricultural, manufacturing, and service industries are the three main economic
drivers in the U.S. economy (Kuznets 1973). These three productive economic sectors are
referred to as primary, secondary, and tertiary. The primary sector includes industries such
as agriculture, fisheries, mining, and timber. The secondary sector includes manufacturing
industries such as automobile, construction, utilities, pharmaceuticals, electronics, and
petroleum. The tertiary sector includes service industries such as transportation, marketing,
and retailing (Kenessey 1987; Wolfe 1955).
Profound changes to both economic and social structures occur as a country progresses
through the three economic structures and new technologies are introduced. A country’s
economic development starts with the majority of its gross domestic product (GDP) and
employment in the agricultural sector. In the next stage of economic development, the
manufacturing sector begins to rise while agricultural employment rates decrease and
production volumes increase. As technology increases, manufacturing efficiencies emerge
and employment begins to shift to the service sector (Pilat et al. 2006).

Structural Change
The transition from one sector to another creates structural change that leads to the
transformation of industries and displacement of workers (Bell 1973). Industrial
transformation often leads to the permanent removal of manufacturing jobs. As jobs are
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eliminated and workers are displaced, workers are compelled to seek other employment
opportunities (Groshen, Potter, and Sela 2004).
Today, farmers use more efficient production methods to plant, grow, and harvest crops
through mechanization and automation and take advantage of economies of scale (Dimitri,
Effland, and Conklin 2005). These efficiencies have contributed to decreases in agricultural
U.S. employment rates from 12.2% in 1950 to 2.0% in 2000 (Brownson, Boehmer, and
Luke 2005). The manufacturing industry has also experienced declines in employment as a
result of economic restructuring and technological advancements (Blakely and Shapira
1984). Between 1960 and 2008, for example, manufacturing jobs decreased from 30% to
12% of the United States’ workforce (Church et al. 2011).
With economic structural change, some sectors will grow faster than other sectors over
time. These economic structural changes are influenced by unbalanced productivity growth,
growing affluence of consumers, and economic globalization (Kollmeyer 2009). To remain
competitive, businesses seek to adapt to these changes and optimize performance by
adjusting labor needs and production levels (Clark 1957). This often results in the
offshoring of low-skilled, labor-intensive jobs to developing countries (Kollmeyer 2009).

Deindustrialization
During the 1980s, American manufacturing jobs were displaced by new technologies
resulting in industrial restructuring (Blakely and Shapira 1984). Bluestone and Harrison
(1982) define this process as deindustrialization, “a widespread, systematic shift away from
a nation’s industrial productive base” (p. 4). Shrinking employment opportunities in the
manufacturing sector make it difficult for workers with industry-specific skills to find
comparable employment in other industries (Masur and Posner 2012). Blakely and Shapira
also argue that displaced workers are forced to pursue other (lower paying) careers or
relocate to other communities. These types of economic events create serious
socioeconomic problems such as rising income inequality and severe community decline.
Social costs are particularly high in deindustrialized areas. Recognized industrial cities
like Detroit, Michigan, have experienced high unemployment rates and other failures due to
deindustrialization. In 1950, Detroit reported a population high of just over 1.8 million
people. In 2010, after declaring bankruptcy, the city’s population had declined to about
700,000 people (Bluestone 2013). Huntington, West Virginia, and a host of other industrial
cities have experienced similar social and economic effects as a result of deindustrialization
(Ermolaeva and Ross 2010; Gordus, Jarley, and Feman 1981).
The United States is not the only country experiencing significant declines in
manufacturing as a result of economic structural change and deindustrialization (Brady and
Denniston 2006). England has also been affected. Manual labor has decreased significantly
in the agricultural, manufacturing, and mining sectors as a result of growing industrial
innovations. Occupational physical activity levels have decreased, socioeconomic
inequalities have increased, and environments that promote physical activity have been
threatened in the wake of deindustrialization (Rind, Jones, and Southall 2014).
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Reduced Occupational Physical Activity and Fitness
Structural change through deindustrialization influences not only the health of the
economy, but also societal behavior norms. Researchers have demonstrated that goodsproducing industries like agriculture and manufacturing require greater amounts of physical
labor (Lakdawalla and Philipson 2009; Philipson and Posner 2003). Economic restructuring
has created shifts away from goods producing and manual labor occupations to service
sector occupations (Cerina and Mureddu 2013). These shifts have been attributed to
advancements in labor-saving technologies by way of automation, mechanization, and
computerization, each of which have improved manufacturing output (Kollmeyer 2009).
Adding to the complexity of structural change, technological advancements (i.e.,
computers, dishwashers) have increased the amount of time people spend engaged in
sedentary behaviors at work and home (Brownson, Boehmer, and Luke 2005; French, Story,
and Jeffery 2001). Changes in land-use patterns, urban design factors, and the transportation
system influence energy expenditure levels (Brownson et al. 2009). These changes in the
physical environment present challenges in the fight to increase energy expenditure.
Studies exploring long-term changes in occupational physical activity levels shed light on
how much physical behavior can change in the workforce. In just 50 years, high-activity
occupations in the United States decreased from 30% to 22.6%. In the same period, lowactivity occupations increased from 23.3% to approximately 41.0% (Brownson, Boehmer,
and Luke 2005). In a separate study, following changes in the United States from 1960 to
2008, occupations requiring moderate physical demands decreased from 48% to 20%,
whereas sedentary and low-activity jobs slowly increased during this same time frame
(Church et al. 2011). These occupational shifts have contributed to 79% of employees
working in sedentary or light-intensity jobs (Tudor-Locke et al. 2011).
Based on the number of hours spent in the workplace, occupational physical activity can
have a significant effect on total daily caloric expenditure (Church et al. 2011). Full-time
U.S. employees spend an average of 8.09 hours working each workday (U.S. Department of
Labor 2013). Workers are spending up to 71% of working hours performing sedentary tasks
(Clemes, O’Connell, and Edwardson 2014). Increasing the amount of time performing
sedentary work leads to decreased metabolic energy expenditure, resulting in a caloric
surplus.
Prolonged seated sedentary behavior (i.e., computer use) results in an energy expenditure
of ≤1.5 times resting energy expenditure. To put this into perspective, light-intensity
activities (i.e., standing) require no more than 2.9 times resting energy expenditure, while
moderate- to vigorous-intensity activities require 3 to 8 times resting energy expenditure
(Owen et al. 2000). Increased time spent performing sedentary work can lead to unintended
health consequences.
Workers in predominantly sedentary occupations are at greater risk for all-cause
cardiovascular mortality when compared with workers in more active job functions (Morris
et al. 1953; Palmer et al. 2007). The health implications associated with sedentary
occupations is of paramount concern because today’s society is spending increasing
amounts of time in environments that limit physical activity through prolonged sitting (Hill
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et al. 2003). These trends in occupational and domestic activities are likely to continue to
decline and trends in sedentary behaviors are likely to continue to increase over the coming
years (Pronk 2015; Ng and Popkin 2012) unless new systematic regulatory processes are
developed.

Economics of Inactivity
Efficiencies gained from technological enhancements have led to reductions in food
prices and physical energy expenditure in the workplace (Hill et al. 2003; Philipson and
Posner 2003). As such, the cost of consuming calories has decreased and the cost of burning
calories has increased (Philipson and Posner 2003). Reductions in energy expenditure are
evident even in occupations that have been traditionally recognized as requiring high energy
expenditure (Hill et al. 2003). This is an important issue because energy balance through
caloric intake or caloric expenditure is needed to prevent weight gain and obesity (Hill,
Wyatt, and Peters 2012).
Obesity has been referred to as an outcome of economic factors that lead to both food
consumption and physical activity decisions (Finkelstein, Ruhm, and Kosa 2005). As trends
and sedentary behaviors increase, obesity rates follow. Since 1960, obesity rates have
increased from 13.4% to 35.1% of the U.S. population (Flegal et al. 2010). Obesity is a
major health concern that has been linked to a greater prevalence of multiple comorbid
conditions (Guh et al. 2009). The incidences of type 2 diabetes, cardiovascular disease,
various cancers, musculoskeletal disorders, sleep apnea, and gallbladder disease have
increased as the disease prevalence of obesity has increased (Must et al. 1999).
As a result of these comorbidities, obese patients contribute to a large amount of the
annual health care costs, pharmacy costs, and primary care costs in the United States
(Thompson et al. 2001). This places an economic strain on health care by increasing overall
costs on a system that spends more per capita on health care than any other country
(Bodenheimer 2005). Obesity-related conditions account for roughly 20.6% of U.S. health
care expenditures (Cawley and Meyerhoefer 2012). Annual health care costs for obese
people are estimated to be between $1,429 (Finkelstein et al. 2009) and $2,741 per person
per year (Cawley and Meyerhoefer 2012).

Worksite Health Promotion
To control rising health care costs, employers are exploring comprehensive approaches to
better manage the direct (medical) as well as indirect (productivity) costs that hamper
global competitiveness (Loeppke et al. 2007). Direct health care costs for employers
continue to rise. From 2004 to 2014, U.S. health care costs increased from $11,192 to
$23,215 for a family of four (Girod et al. 2014).
Indirect costs associated with employee health can also have a profound effect on
business performance. Work quality and performance are influenced by employee physical
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activity levels (Pronk et al. 2004). Physically inactive workers have been shown to have
higher absenteeism rates than physically active workers (van Amelsvoort et al. 2006). Lack
of physical activity, be it through work or leisure, has also been associated with a higher
prevalence of lower back pain symptoms and sick leave (Hildebrandt et al. 2000). Overall
health risks are also strongly associated with lost productivity through increased
absenteeism and presenteeism (Boles, Pelletier, and Lynch 2004).
In response to these direct and indirect health care costs, many businesses are investing in
health promotion solutions to prevent and manage chronic medical conditions (Claxton et
al. 2013). Goetzel and Ozminkowski (2008) define these worksite health promotion
programs as “employer initiatives directed at improving the health and wellbeing of
workers” (page 304). These investments are based on the assumption that reducing health
risks will result in reductions in the organization’s overall health care cost (Nyce et al.
2012).
Refocusing on disease prevention rather than treatment is supported by the economic
burden associated with unhealthy behaviors. Employers have a larger financial incentive to
keep employees healthy through disease prevention as opposed to disease reduction
programs. For example, preventing a disease leads to $145 return on investment whereas
reducing a disease leads to a $105 return on investment (Nyce et al. 2012). The average
return on investment for worksite health promotion is estimated to be $3.27 saved for every
$1.00 spent (Baicker, Cutler, and Song 2010).
\qqBegin special element\

Governmental Regulation
Government agencies and regulations continue to expand to protect consumers, workers,
the environment, and other natural resources. The following are examples of three
prominent U.S. agencies and their respective social actions taken from the Federal
Regulatory Directory (2009).
• The Clean Air Act (CAA) of 1970 is enforced by the Environmental Protection Agency
(EPA). The CAA protects society from harmful air pollutants such as those emitted from
manufacturing plants and automobiles.
• The Food, Drug, and Cosmetic Act (FDCA) of 1938 is enforced by the Food and Drug
Administration (FDA). The FDCA protects society from hazardous and misrepresented
products.
• The Occupational Health and Safety Act of 1970 is enforced by the Occupational Health
and Safety Administration (OSHA). OSHA protects worker health and safety through
the enforcement of occupational health and safety standards.
Title VII of the 1964 Civil Rights Act, the 1967 Age Discrimination in Employment Act
(ADEA), and the 1990 Americans with Disabilities Act (ADA) are other regulation
examples directly related to physical aspects of the workforce. The federal guidelines,
standards, and rules derived from the 1964 Civil Rights Act and 1990 ADA regulations, for
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example, prohibit employment discrimination on the basis of race, color, religion, sex, or
national origin, including the designing and applying of pre-employment physical testing.
The disparate impact theory was used to establish discrimination under these regulations,
which usually has a three-part burden of proof, according to Jackson (2006, 317):
1. The plaintiff (employee) must establish a disparate impact on a protected group, e.g.,
the passing rate for a protected group is less than four-fifths, or 80%, of the group
with the highest passing rate;
2. The defendant (employer) must justify the business necessity, as well as selection
method and standards are job related;
3. If #2 is established, the plaintiff has to demonstrate that the employer failed to use a
selection method that is equally effective, but with less disparate impact.
In 2011, President Obama issued Executive Order 13563 to enhance the regulatory
process established by his predecessors (Carey 2013). The directive requires executive
agencies “to use the best available techniques to quantify anticipated present and future
benefits and costs as accurately as possible” and to “maximize net benefits (including
potential economic, environmental, public health and safety and other advantages;
distributive impacts; and equity)” (Executive Order 13563 2011, page 3821).
In its simplest form, Executive Order 13563 highlights the processes and systems that
should be applied by regulators to protect public health, welfare, safety, and the
environment while promoting economic growth, innovation, competitiveness, and job
creation. Executive Order 13563 provides a declaration that regulatory agencies will ensure
open exchange of information to the public, simplify rules to promote innovation, reduce
burdens, promote freedom of choice, ensure regulations are supported by science, and
conduct retrospective analyses of existing regulations.
\qqEnd special element\

Regulation and Innovation
Historically, industry, economic, and policy leaders have espoused the notion that the
enactments of environmental regulations impose excessive costs to businesses, thus
hindering global competitiveness (Ambec et al. 2013). The classical view contends that if a
revenue-generating opportunity existed, companies would have already found a way to
profit from it (Palmer, Oates, and Portney 1995). The contemporary view contends that
introducing strict social regulations is required for influencing technological innovation and
enhancing economic competitiveness (Porter 1991). Porter’s hypothesis suggests that the
government’s role is to create optimal conditions for citizens to achieve higher standards of
living by creating opportunities for industry to succeed in the global markets.
In his State of the Union address on January 25, 2011, President Obama highlighted the
importance of innovation to ensure America remains competitive both domestically and
globally:
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The first step in winning the future is encouraging
American innovation. None of us can predict with
certainty what the next big industry will be or where the
new jobs will come from. Thirty years ago, we couldn’t
know that something called the Internet would lead to an
economic revolution. What we can do—what America
does better than anyone else—is spark the creativity and
imagination of our people. We’re the nation that put cars in
driveways and computers in offices; the nation of Edison
and the Wright brothers; of Google and Facebook. In
America, innovation doesn’t just change our lives. It is
how we make our living. (2011, para. 23)
Government regulation can be viewed as an imperfect system resulting from failures of
decision-makers to appropriately act in response to economic or social issues (Joskow
2010; Orbach 2013). It is unlikely that these failures can be prevented; however, adequate
processes can help mitigate the costs of these failures (Orbach 2013).
It is likely that government officials and industrialists become fixated on immediate
issues while paying little attention to the unforeseen consequences that arise from new
systems (Bell 1973). Foreseeing all consequences of regulation is impossible; therefore,
retrospective analysis can be used to help mitigate the risk of unintended consequences
(Council of Economic Advisers 2012).
Poorly designed regulations can have devastating unintended social consequences
(Thornton 2011; Hazlitt 1979). Intrusion of unintended consequences frequently
accompanies well-meaning regulatory policies (Orbach 2013). The following examples
demonstrate how some policymakers have failed to examine direct and indirect effects of
regulations. Although policymakers did not intend for these events to occur, a more
systematic, circumspect analysis may have alerted them to these risks.
• Example A. A manufacturing firm chooses to offset regulatory costs by passing the
additional costs off to consumers. The price increases lead to a reduction in consumer
demand, slowing plant production. As a result, the firm chooses to lay off workers to
remain profitable (Masur and Posner 2012).
• Example B. To protect the environment, the FDA banned the use of chlorofluorocarbons
as propellants in medical inhalers in 2005. As a result, the price of asthma inhalers
tripled. The increase will likely deter many lower-income patients from treating their
asthma condition (McLaughlin and Greene 2014).
• Example C. Globalization, technological advancements, and environmental regulations
drive deindustrialization in blue-collar communities like Huntington, West Virginia.
Deindustrialization contributes to reductions in manual occupations, increases in worker
displacement, and increases in obesity rates (Ermolaeva and Ross 2010).
Even regulations developed intentionally for the purpose of protecting employees’ health
could have a negative effect if work tasks are modified to require lower levels of physical
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fitness and the increase of sedentary behavior in occupational settings. For example, there
are usually three ways to reduce job-related injuries and workers’ compensation costs,
including ergonomics (i.e., redesign the work), wellness and training (i.e., change the
worker’s required fitness level or work habits), and pre-employment testing (i.e., hire those
with the physical ability to perform the work). Although the pre-employment test approach
has been the most effective of the three (Driessen et al. 2010), employers often decide to
use the less effective and more expensive approaches of ergonomics along with wellness
and training (Daltroy et al. 1997) to avoid possible legal challenges of the disparate effect
associated with pre-employment testing (Jackson 1994). As a result, physically demanding
jobs are disappearing quickly from occupational settings.
Cost–benefit analysis (CBA) is one technique used by government agencies to assess the
potential social and economic effects of policy (Robinson 1993; Sunstein 2002). According
to Robinson, a CBA attempts to monetize the effects of regulation on inputs (costs) and
outputs (benefits) for society. Conducting a CBA provides a rational approach to the
political decision-making process. The U.S. government has established requirements for
federal agencies to follow when conducting a CBA prior to and following social regulatory
interventions (Executive Order 13563 2011).
The influence of social and economic trade-offs resulting from regulations should be
assessed proactively and retroactively. This is because regulations passed today may or may
not interact well with evolving social and economic changes of the future. Retrospective
CBAs are needed for evaluating and preserving the beneficial aspects of regulations by
providing the opportunity to address any negative unintended costs before they outweigh
the benefits (McLaughlin and Williams 2014). However, when a CBA focuses only on
productivity or similar outcomes, its finding and recommendation may bring unintended
negative social consequences (Sunstein 2002), such as increases in sedentary behavior
resulting from innovation and technology and discouraging physical activity breaks for
employees. Thus, CBA should take the economic benefits of enhanced fitness into
consideration (Shephard 1986).
Proper design considerations must be made when developing new technologies and
systems to prevent negative social and environmental externalities (Schinzinger 1998).
Externalities are defined as spillover costs created by the production or consumption of a
good; however, these costs are not considered in the price of the good (Sturm 2005). Porter
and van der Linde (1995) argue that the government is best equipped to manage external
costs through social regulation.
Classical economists, however, do not support government intervention through
regulatory action as a means of correcting sedentary behaviors or the pursuant healthrelated outcomes (Bleich and Sturm 2009). As such, a nonregulatory approach from
government agencies and businesses would be to use social nudges to modify unhealthy
behaviors. Nudges are a result of designing choices (choice architecture) to alter behaviors
in a predictable way without introducing paternalistic policies (Thaler and Sunstein 2008).
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Choice Environment and Architecture
Environments that promote physical activity can be used to nudge people toward healthy
choices (French, Story, and Jeffery 2001; Kremers, Eves, and Andersen 2012; Pronk and
Kottke 2009). For example, making stairs more prominent while reducing the number of
motorized lifts, providing cycling opportunities instead of motorized transport (Marteau et
al. 2011), and replacing conventional desks with walking workstations (Torbeyns, Bailey,
and Bos 2014) are forms of choice architecture. Nudges such as these create a sustainable
worksite environment that encourages physical activity and counteracts the unintended
consequences of sedentary work (Pronk and Kottke 2009).
Recently, efforts have been made to understand the effects of indoor built environments
on physical activity and sedentary behavior. For example, a special issue of Building
Research & Information (May 2015) examined possible factors correlated to indoor
sedentary behaviors that promote the indoor built environment as a tool for change:
• Duncan and colleagues (2015) demonstrated that individual, workplace, and spatial
configuration factors are associated with the frequency of breaks in sitting, but that
breaks were affected by office type (e.g., participants working in shared offices reported
a high level of physical activity and higher frequency of breaks).
• Ucci and others (2015) reported that a radical change in elementary school classrooms
may increase physical activity. They found that stand-biased desks may be promising
and that height-appropriate standing workstations can be successfully integrated into
classrooms to increase overall standing and decrease sitting time.
These findings were well supported by the works by Rashid and others (Rashid, Craig, et
al. 2006; Rashid, Kampschroer, et al. 2006; Rashid, Wineman, and Zimring 2009), who
found that office movement is positively affected by integration and connectivity, sedentary
activities increase when workspace’s degree and closeness are high, and the amount of time
employees spend in team spaces is positively affected by how they are connected to their
neighbors and to all others in the workplace social network. (Note: The degree of a
workspace is the number of other workspaces visible from that space, which may be a
source of stress due to lack of privacy. The closeness of a workspace describes how close
the workspace is to all other workspaces in the visibility network; high closeness therefore
means more exposure to all workspaces in a setting.)

Summary
Technological advancements spurred by regulation and innovation have created
economic shifts from the primary to secondary to tertiary sectors (Bell 1973). This
economic restructuring creates a division of labor that changes the occupational structure by
decreasing blue-collar manual occupations and increasing white-collar knowledge
occupations (Janowitz 2010). As a result of the transition from physical work to knowledge
work, employees are spending more time engaged in sitting and sedentary activities
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(Church et al. 2011; Clemes, O’Connell, and Edwardson 2014; Harrington et al. 2014; Kirk
and Rhodes 2011; Matthews et al. 2008; Tudor-Locke et al. 2011). This is a national health
concern because sedentary occupations lead to increased risk of all-cause and
cardiovascular mortality (Morris et al. 1953).
Technological advancements have led to a transition from a high-energy expenditure
economy to a low-energy expenditure economy, thus increasing obesity rates (Lakdawalla
and Philipson 2009; Philipson and Posner 2003). The rise in obesity is accompanied by a
rise in obesity-related comorbidities (Guh et al. 2009; Must et al. 1999). These
comorbidities contribute to a large amount of the annual health care costs, pharmacy costs,
and primary care costs (Bodenheimer 2005; Cawley and Meyerhoefer 2012; Finkelstein et
al. 2009; Thompson et al. 2001). In response to increasing direct and indirect health care
costs, many businesses are investing in health promotion solutions (Claxton et al. 2013).
To promote economic competitiveness and protect social welfare, the U.S. government
uses regulation to encourage innovation (Executive Order 13563 2011; Porter 1991; Porter
and van der Linde 1995). Industrial innovation not only improves efficiencies and
performance (Porter 1991), but also alters the way in which work is performed (Bell 1973).
The influence of social regulations has created a fundamental change in workplace activity,
thus contributing to the reduction of total daily energy expenditure levels and the rise of
obesity (Brownson, Boehmer, and Luke 2005; Church et al. 2011; Lakdawalla and
Philipson 2009; Philipson and Posner 2003).
Cost–benefit analysis is a rational tool that government agencies use to help improve the
regulatory decision-making process (Robinson 1993; Sunstein 2002). However, CBA is
imperfect and still evolving (Joskow 2010; Orbach 2013; Sunstein 2002). In lieu of a failsafe system, other strategies focus on nudging society to become more active (Marteau et
al. 2011; Pronk and Kottke 2009; Thaler and Sunstein 2008). To offset costs associated with
an imperfect regulatory system and its effects on occupational physical activity, government
agencies should investigate and implement new strategies to better predict both foreseeable
and unforeseeable risks.
\qqBegin special element\

Key Concepts
• Choice architecture: An approach that influences the decisions people make through
the careful design of environments in which people make choices (Thaler and Sunstein
2008). Choice architecture is a nonpaternalistic way to nudge society toward healthier
habits.
• Cost–benefit analysis (CBA): A decision-making process used by government agencies
to proactively or retroactively assess the social and economic consequences of
government policy. CBA, however, often fails to measure the negative externalities
resulting from government regulation (however well intentioned).
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• Deindustrialization: “A widespread, systematic shift away from a nation’s industrial
productive base” (Bluestone and Harrison 1982, page 4) that results in decreased
employment opportunities for blue-collar workers.
• Knowledge worker: “The man or woman who applies to productive work ideas,
concepts, and information rather than manual skill or brawn” (Drucker 1968, page 264).
• Labor saving technologies: Advancements made in automation, mechanization, and
computerization for the purpose of improving manufacturing output (Kollmeyer 2009)
and reducing labor requirements, thus increasing the amount of time people spend
engaged in sedentary behaviors.
• Regulated sedentary behavior: The sedentary behavior caused by a regulation, policy,
or an involuntary environment.
• Social regulations: Government regulations that attempt to correct externalities that
have the potential to negatively affect public interests such as health, safety, and the
environment. The economic effects of social regulation can often be unforeseen and
produce unintended consequences.
• Structural change: The change in the relative size of a nation’s economic sectors
(primary, secondary, tertiary) as a result of advancements in technology, wealth, and
globalization.

Study Questions
1. What are the three main factors driving economic structural shifts?
2. How might technological advancements contribute to decreased caloric expenditure
in the workplace and in the home?
3. How might economic restructuring and deindustrialization lead to reductions in
physical activity?
4. How might innovation through regulation lead to reductions in physical activity?
5. How can government regulations contribute to work-related physical inactivity?
6. Why is government regulation considered imperfect?
7. How can businesses use choice architecture to promote physical activity in and
outside of the workplace?
\qqEnd special element\

Disclaimer: The findings and conclusions in this report are those of the authors and do
not necessarily represent the official position of CSX.
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Part II
Sedentary Behavior and
Health
Part II has six chapters dealing with the main content focus of the book: sedentary
behavior and health. The most immediate and obvious concern about too much sitting is
lack of muscular work and prolonged periods of very low energy expenditure. Thus, in
chapter 7, Michael Power deals with sedentary behavior and obesity from a broad-based
ecological and comparative-biology perspective.
Concerns about sedentary behavior and health have arisen primarily as a result of
compelling epidemiological evidence—initially from long-term prospective cohort studies
demonstrating premature mortality and disease incidence related to TV viewing time. In
chapter 8, Carl Caspersen and Darlene Thomas address sedentary behavior and incident
diabetes. This is an important chapter, not only because it illustrates a key body of evidence
but also because of the way in which the authors consider the logic of epidemiological
studies and related methodological issues. Sedentary behavior is also related to another
major cause of premature mortality and morbidity: cardiovascular disease. In chapter 9,
Edward Archer and colleagues provide a detailed exposition focused on epidemiological
findings, identifying the relevant evidence linking sedentary behaviors to adverse
cardiovascular health outcomes. The role of sedentary behavior in promoting poor
metabolic health—as the initial chapters in part I illustrate so compellingly—is of
significant relevance for cancer causation. In chapter 10, Brigid Lynch and Christine
Friedenreich provide a comprehensive review of the research on the relationship between
sedentary behavior and cancer, the evidence for which is variable but consistent in
demonstrating relevance for several types of cancers. They also highlight (as do the
preceding two chapters) important nuances of epidemiological method in the context of
understanding the relationship between sedentary behavior and health outcomes. For type 2
diabetes, cardiovascular disease, and cancer, it is important to note that the majority of wellconducted epidemiological studies have controlled for (albeit to varying degrees) the role of
physical activity when identifying how sedentary behavior influences these health
outcomes.
In chapter 11, Marco Boscolo and Weimo Zhu review evidence on sedentary behavior
and lower back pain, a common complaint among those with occupations involving
prolonged sitting. Chapter 12 addresses sedentary behavior and psychological well-being.
Stuart Biddle and Stephan Bandelow address an element within the multiple health
consequences of sedentary behavior that is less well understood but likely to have broad
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implications. Cognitive functioning and psychological health encompass important
determinants, and likely outcomes, of sedentary behavior.
Taken as a whole, the chapters in part II illustrate the broad importance of sedentary
behavior for major chronic diseases and other health problems. These chapters are
particularly helpful in illustrating research strategies and methodological issues, including
many of the challenges for future research on sedentary behavior and major health
outcomes.
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Chapter 7
Sedentary Behavior and
Obesity
Michael L. Power, PhD
\qqBegin special element \
The reader will gain an overview of the biology of fat, metabolic consequences of
obesity, and potential links between sedentary behavior and obesity. By the end of this
chapter, the reader should be able to do the following:
•
•
•
•
•
•
•
•

Understand some of the diverse functions that fat and adipose tissue perform
Identify how fat in moderation is adaptive
Explain the concept of allostatic load
Identify the main health risks of obesity
Better understand sex differences in fat metabolism and health risks
Understand obesity and sedentary activity in an evolutionary perspective
Discuss relationships among obesity, vitamin D, and sedentary behavior
Articulate the major sources of the human obesity epidemic

\qqEnd special element\
Human obesity is old. There are historical references to obese people for essentially our
entire written history. Carved artifacts that appear to represent obese people date back to
approximately 25,000 years ago. What is new about human obesity is its prevalence. This
implies that novel risk factors for obesity exist in the modern environment.
In the distant past, obesity in humans was rare and likely caused by metabolic
dysregulation due to genetic or disease-related pathology. External factors precluded the
ability of most people to overeat or underexert. Sociocultural obesity came about due to the
rareness of obesity and how difficult it was to achieve. What is rare becomes valuable and
what is difficult to achieve becomes a badge of prestige. Obesity was a status symbol in
some cultures, something to be obtained as a sign of wealth and power. Today, obesity has
become common. In many cultures, obesity is approaching the norm. As many as 1 in 3
adult women in the United States is thought to be obese (Flegal et al. 2010). Now that
obesity has become so prevalent, perhaps we need a third category, environmental obesity,
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to account for the large number of otherwise physiologically normal people who become
obese in modern society even though obesity has acquired a social stigma.
Obesity has a deceptively simple cause: consuming more calories in food than are
expended in daily life, which results in positive energy balance over a sustained period of
time. It is deceptively simple because the biology that underlies the regulation of all aspects
of energy balance is extremely complex and not well understood (Power and Schulkin
2009). The advice to eat less and exercise more is easy to give, but difficult to follow.
Particular challenges also exist for the new public health and clinical agendas for
addressing sedentary behavior—put simply, how to articulate the risks associated with too
much sitting as distinct from those of too little exercise. As other chapters in this volume
make clear, obese people sit more, and prolonged sitting results in less physical activity—
especially light-intensity activity that can account for an important component of overall
daily energy expenditure. In this context, it is helpful to have an informed understanding of
obesity, especially from the point of view of the import and biologically adaptive roles of
adipose tissue and how adipose tissue can influence the ways in which energy balance is
regulated.

Role of Fat
Fat is an essential part of our bodies. Fats, or lipids, perform many functions: nutritional,
hormonal, and even structural. Certain long-chain polyunsaturated fatty acids are essential
for proper eye and brain development. Cell membranes are composed of phospholipids,
glycolipids, and steroids. And of course the cholesterol-based steroid hormones such as
estrogens, testosterone, and glucocorticoids perform vital functions necessary for life and
reproduction. Fat is essential and adaptive.
Fat has significant advantages as an energy storage medium. It contains approximately
twice the amount of metabolizable energy per gram of dry weight than does either
carbohydrate or protein. Furthermore, it is stored on the body in association with very little
water. In contrast, 1 g of glycogen is stored with anywhere from 3 to 5 g of water (SchmidtNielsen 1994). A single kilocalorie of glycogen will have a mass of about 1 g; 1 kcal of fat
has a mass of 0.11 g (Schmidt-Nielsen 1994). The ability to store substantial amounts of
energy in adipose tissue has many adaptive advantages. It buffers the organism from the
effects of unpredictable and variable food supply. It allows available excess energy to be
consumed and then used at a later time. It allows an animal to go longer between feeding.
The ability to store fat increases the behavioral flexibility and the potential feeding
strategies an organism can employ.
Several advantages exist to having both a greater capacity to store fat and a greater
reliance on fat as a metabolic fuel during periods of sustained increased need, for example,
during pregnancy and lactation. Upregulating fat metabolism spares glucose; during
pregnancy, the glucose demands of the fetus and placenta must be balanced with the
glucose need of the maternal brain. Increasing fat oxidation to provide fuel for maternal
muscle and peripheral organs relieves some of this conflict (Peters et al. 2004).
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After birth, the infant receives nutrition from milk. Maternal transfer of nutrients is
delivered through the infant’s digestive tract rather than through the placenta. Although
energy requirements during the last trimester of gestation are certainly significant, women
even in poor countries generally are able to gain maternal mass during early gestation.
Appetite is usually increased during pregnancy, and energy expenditure is often reduced.
Excess energy intake during early pregnancy can be stored as fat and then used during
lactation.
Although fat has many beneficial functions in the body, fat is toxic to cells in high levels
(Schrauwen and Hesselink 2004; Slawik and Vidal-Puig 2006). Lipid droplets that
accumulate in cells and organs cause pathology (e.g., fatty liver). To prevent the adverse
effects of lipotoxicity, fatty acids must be either oxidized or sequestered. There are limits to
metabolism and the rate of energy that animals can process in any given time. If fat cannot
be oxidized, it must be safely stored. Adipocytes are cells specially adapted for fat storage;
fat is preferentially stored in adipose tissue, and thus less fat accumulates in muscle and
organs, where it would cause morbidity. Adipocytes store fat for the positive benefit
associated with its energy value, storing energy that can be later used far away in space and
time from the act of ingestion. Adipocytes also sequester excess fat to prevent lipotoxicity
(Slawik and Vidal-Puig 2006).
Adipose tissue is not just a passive organ, however. It actively regulates metabolism
through multiple pathways. Indeed, adipose tissue contains more than just adipocytes. A
large number of nonfat cells are also found in adipose tissue, including fibroblasts, mast
cells, macrophages, and leukocytes (Fain 2006). Both adipocytes and these nonfat cells
produce, regulate, and secrete active peptides and steroids (Kershaw and Flier 2004), as
well as immune function molecules (Fain 2006). Adipose tissue is an active component of
regulatory physiology.
It is the metabolically active functions of adipose tissue that are related to much of the
pathology associated with obesity. The conception of adipose tissue as an endocrine and
immune function organ gives insight into why excess adipose tissue can have important
effects on physiology and metabolism. Just consider for a moment the expectations you
would have if an animal’s liver or adrenal gland doubled in size. Obesity is an increase in
adipose tissue well beyond the functional range that was typically experienced during our
past, and thus the secretions from adipose will likely be out of balance with those from
other organ systems.

Adipose Tissue and Endocrine Function
The original notion of adipose tissue as a relatively metabolically inert store of energy
has been replaced by a concept of adipose tissue as a metabolically active player in many
physiological and endocrine processes (Kershaw and Flier 2004). Adipose tissue functions
as an endocrine gland in three different ways. It stores and releases preformed steroid
hormones. In addition, many of these steroid hormones are metabolically converted from
precursors in adipose tissue, or the active hormones are converted to inactive metabolites.
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For example, estrone is converted to estradiol in adipose tissue. Most if not all circulating
estradiol in postmenopausal women comes from their adipose tissue (Kershaw and Flier
2004). Adipose tissue expresses aromatase, 3α-hydroxysteroid dehydrogenase type 3 (3αHSD3) and 17β-hydroxysteroid dehydrogenase (17β-HSD5), which are involved in
androgen metabolism. These enzymes are increased in obesity (Wake et al. 2007). Adipose
tissue also expresses 11β-hydroxysteroid dehydrogenase type 1 (11β-HSD1), which
converts cortisone to cortisol (Seckl and Walker 2001), and 5α-reductase enzymes (Wake et
al. 2007; Tomlinson et al. 2008), which convert cortisol to 5α-tetrahydrocortisol (5α-THF).
Thus, adipose tissue regulates the local concentrations of glucocorticoids (Tomlinson et al.
2008; Stimson et al. 2009) and contributes to metabolic clearance of glucocorticoids (Rask
et al. 2002). Obesity is associated with both increased adrenal glucocorticoid production
and higher glucocorticoid metabolic clearance, which appear to result in normal plasma
concentrations. In obese people, 11β-HSD1 activity is reduced in liver and the inactivation
of cortisol by 5α-reductase is enhanced in both liver (Stewart et al. 1999; Rask et al. 2002)
and adipose (Tomlinson et al. 2008). However, 11β-HSD1 activity is enhanced in adipose
tissue of both obese men and women (Rask et al. 2001; 2002). Obese people have increased
hepatic inactivation of cortisol, which is generally balanced by increased regeneration of
cortisol in adipose tissue. The effect appears stronger in women compared to men (Rask et
al. 2002), possibly due to the higher fat mass in women for a given BMI. Finally, adipose
tissue produces and secretes numerous cytokines and peptide hormones, such as leptin,
adiponectin, and many of the interleukins (e.g., IL-6, IL-8, and IL-10). A partial list of these
bioactive molecules in adipose tissue is found in table 7.1. The hormones secreted by
adipose tissue can act locally and on other end-organ systems (e.g., in autocrine, paracrine,
or endocrine fashion).

Table 7.1 Fat-Derived Peptides and Steroid-Hormone-Converting Enzymes
Hormone

Function

Changes in obesity

Leptin

Effects on food intake, onset of
puberty, bone development, immune function

Circulating leptin increased

Tumor necrosis factor Represses genes involved in uptake Adipose tissue expression of
α (TNF-α)
and storage of nonesterified fatty
TNF-α is increased
acids and glucose
Adiponectin

Enhances insulin action

Circulating adiponectin lowered

Interleukin 6 (IL-6)

Involved in regulation of insulin
Circulating IL-6 is increased;
signaling; central effects on energy expression of IL-6 greater in
metabolism
visceral fat
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Resistin

Effects on insulin action; linked
with insulin resistance

Serum resistin is elevated in
rodent obesity models

Aromatase

Converts androgens to estrogens

No change, but increased fat
mass results in greater total
conversion

17β-hydroxysteroid
dehydrogenase (17βHSD5)

Converts estrone to estradiol and
androstenedione to testosterone

Same as aromatase

3α hydroxysteroid de- Inactivates dihydrotestosterone
hydrogenase type 3
(3α-HSD3)

Increased

5α-reductase

Increased

Inactivates cortisol

11β-hydroxysteroid
Converts cortisone to cortisol
dehydrogenase type 1
(11β-HSD1)

Increased activity in adipose
tissue

Homeostasis
Homeostasis is a simple but powerful concept. The internal milieu must remain constant,
despite external challenges:
The organs and tissues are set in a fluid matrix. . . . So
long as this personal, individual sack of salty water, in
which each one of us lives and moves and has his being, is
protected from change, we are freed from serious peril
(Cannon 1935, page 1).
The concept of stability, of resistance to change, is fundamental to homeostasis.
However, homeostasis is not synonymous with regulatory physiology, and stability is
perhaps a misleading word when considering evolved physiological adaptations. Some of
the changes are programmed, such as circadian or seasonal rhythms or the physiological
changes associated with pregnancy and lactation. Others are acute responses to challenges.
Many are anticipatory rather than reactive, occurring before the need has arrived. This is
not an inherent contradiction of homeostasis, as Cannon quoting Richet noted: “We are only
stable because we constantly change” (1935, page 2).
Stability is not the currency of evolutionary success. Viability, defined as the capability
of success or ongoing effectiveness, is a better concept. Physiological regulation to maintain
viability requires regulation of set points under some conditions and abandonment of set
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points under others. There must be physiological processes that are not homeostatic, and
that oppose, at least temporarily, stability.

Allostasis
The concept of allostasis was proposed to account for regulatory systems that appeared to
fall outside of the classic concept of homeostatic processes (Schulkin 2003). For example,
regulatory systems in which there are varying set points or no obvious set points at all (e.g.,
fear), or where the behavioral and physiological responses are anticipatory and do not
simply reflect feedback from a monitored parameter. Homeostasis and allostasis can be
considered as complementary components of physiological regulation. Homeostatic
processes maintain and regulate physiology around a set point, and allostatic processes
change the state of the person, including changing or abandoning physiological set points.
Homeostatic processes are associated with negative restraint and resistance to perturbations.
Allostatic processes are associated with facilitating positive induction, perturbing the
system, and changing the animal’s state. Both types of processes evolved to enhance the
viability of the organism.
The term allostatic state refers to chronic activation of regulatory systems due either to
dysregulation or dysfunction of physiology or to conflicting, competing, or opposing
demands (McEwen 1998). The term allostatic load refers to the strain on physiology and
regulatory capacity due to sustained activation of regulatory systems. Many regulatory
systems evolved to respond to acute or at least short-lived challenges to viability. Their
activation generally results in a change of state that alleviates the challenge and thus allows
the regulatory response to cease, at least temporarily. Sustained activation of these
regulatory circuits is outside of the evolutionary experience. If these regulatory systems are
chronically activated, either due to competing imperatives, conflicting signals, or the failure
of the regulatory physiology to resolve the challenge, the associated costs can accumulate.
The concept of allostatic load arises from the fact that many physiological adaptations are
short-term solutions. They have a cost that can be borne over a limited time period, but will
begin to lessen health if they remain continuously activated.
One mild criticism of the term allostatic load is that there is no particular reason why the
regulatory circuits being chronically activated have to be allostatic in nature (Power 2004).
Homeostatic systems that become chronically activated due to sustained external pressures,
or simply because the regulatory system is failing to achieve the desired homeostatic state,
will potentially have the same general long-term consequences, slowly degrading
physiology and lessening health. Allostatic load might be more properly termed regulatory
load or metabolic load. The basic concept rests on the fact that any regulatory system that
remains continuously activated or activated to a level outside of its norm will eventually
break down.
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Mismatch Paradigm
The modern human environment differs substantially from the environment our early
ancestors evolved under. Technological, economic, and cultural factors have created
conditions that allow an increased incidence of overweight and obese people in the world.
A complete understanding of our biology relevant to obesity requires a careful
consideration of the evolutionary events and pressures that have shaped our adaptive
responses to hunger, food, exertion, and energy stores that, in today’s world, may not be as
appropriate as in the past. Obesity, in many cases, is probably due to normal adaptive
responses that encourage eating high-energy-density foods while limiting energy
expenditure. Food is rewarding, and there was adaptive advantage in the past to restricting
energy expenditure when possible. In many ways, our modern society is constructed to
allow us to eat well while expending little; economic and business decisions reflect our
evolved preferences. We have diligently worked to conquer the external constraints that
forced our ancestors to expend considerable energy to obtain barely sufficient food; we are
now seeing that, for many of us, the motivations and biological drives to obtain calories
appear to exceed those to expend.
The mismatch paradigm (Gluckman and Hanson 2006) is a simple but powerful concept.
Our biology evolved under particular sets of circumstances and to respond effectively to
specific challenges. The modern environment differs substantially from the past
environment. Our evolved biology is adapted to meet challenges that in today’s world are
markedly changed or even largely absent, and we are faced with novel challenges that were
never faced in our evolutionary past. Thus, our evolved biological responses may be out of
sync with our modern-day challenges.
Evolution has resulted in our bodies having some capability to respond metabolically and
physiologically to circumstances and challenges. Thus, we don’t have to have a perfect
match between the expected environment (based on our past) and the actual one. The
congruence between the mismatch paradigm and allostatic load is fairly straightforward; the
more an organism’s biology and physiology is a mismatch for its environment, the greater
the effort or cost it will incur in its attempts to adapt physiologically, and the more likely
that the physiological adaptations will be insufficient and even possibly inappropriate. The
greater the mismatch, the greater the allostatic load. Normal adaptive (in the evolutionary
sense) responses become maladaptive.

Obesity and Inflammation
Obesity is associated with chronic low-grade inflammation (Clement and Langin 2007).
Obesity enhances adipose tissue secretion of proinflammatory cytokines, and is associated
with lower secretion by adipose tissue of the anti-inflammatory hormone adiponectin
(Denison et al. 2010). Adipose tissue in obese people is characterized by increased
recruitment of adipose tissue macrophages (ATMs) with a shift toward a more
proinflammatory ATM phenotype (Denison et al. 2010; Weisberg et al. 2003; Lumeng et al.
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2008; Morris et al. 2011). Infiltration of adipose tissue by proinflammatory T-cells precedes
the recruitment of and phenotypic changes in ATMs (Kintscher et al. 2008; Nishimura et al.
2009). The production of cytokines and other proinflammatory molecules from
macrophages contributes to the pathologies associated with excess adipose tissue. Insulin
resistance is particularly linked with the inflammation due to obesity (Roth et al. 2004).
Hypoxia might play a role in the inflammation due to excess adipose tissue. When
adipose tissue mass increases to a great extent, some adipocytes and macrophages may not
be well connected to the circulatory system and will suffer from hypoxia. These cells will
begin to secrete the appropriate inflammatory cytokines in response. This response may be
locally beneficial but systemically harmful, and will produce an allostatic load.

Central Versus Peripheral Obesity
Central obesity, excess adipose tissue in the abdominal region, is associated with higher
risks of type 2 diabetes, hypertension, dyslipidemia, and cardiovascular disease in both men
and women (Goodpaster et al. 2005; Karelis et al. 2004; Racette et al. 2006; Van Pelt et al.
2002; 2005). Abdominal obesity was found to be the strongest predictor of insulin
resistance among men and women over 50 (Racette et al. 2006). Overweight and obese
women and obese men with a higher proportion of fat in subcutaneous thigh adipose tissue
were significantly less likely to display symptoms of metabolic syndrome (Goodpaster et al.
2005). Obese people with mostly peripheral fat, distributed in subcutaneous depots in the
gluteal-femoral region are at lower risk of the common comorbidities of obesity than are
obese people with a large proportion of their fat in intraabdominal depots (Van Pelt et al.
2005). In adult subjects with existing coronary heart disease, central obesity was associated
with mortality regardless of body mass index (BMI) (Couthino et al. 2011). In children ages
4 to 18, waist-to-height ratio was a better indicator of adverse metabolic status (high LDL
cholesterol, triglycerides and insulin) than was BMI (Mokha et al. 2010).
Abdominal fat mainly consists of visceral and subcutaneous adipose tissue; the
proportions of fat between these depots differ between men and women and also among
racial/ethnic groups. The metabolic and health consequences appear to differ as well.
Visceral fat is associated with a greater likelihood of adverse health conditions (Karelis et
al. 2004; Racette et al. 2006), although excess subcutaneous abdominal fat has been
implicated in poor glucose regulation (Garg 2004; Jensen 2006).
Visceral fat is found within the peritoneal cavity. Excess visceral fat is a significant risk
factor for the metabolic and health complications of obesity (Fujioka et al. 1987; Karelis et
al. 2004; Racette et al. 2006). About 20% of obese men and women have metabolically
healthy profiles. These people generally have a significantly smaller proportion of adipose
tissue as visceral fat (Karelis et al. 2004). Men and women with a higher proportion of
adipose tissue as visceral fat can exhibit an unhealthy phenotype even if they are not
technically obese (Karelis et al. 2004). A higher proportion of fat as visceral adipose tissue
significantly increases the risk for metabolic syndrome (insulin resistance, dyslipidemia,
and hypertension) in older men and women, even among those of normal weight
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(Goodpaster et al. 2005). Visceral fat also is associated with dysregulation of cortisol
production and metabolism. Urinary excretion of cortisol and its metabolites is increased in
women with excessive visceral adipose tissue (Pasquali et al. 1993). Arterial stiffness, a risk
factor for cardiovascular disease, is associated with increased truncal fat, while increased
peripheral fat confers a small degree of protection (Ferreira et al. 2004).
Although the accumulation of subcutaneous fat in the lower body might represent a
healthier regulation of fat stores compared with abdominal fat, excess adipose tissue is still
associated with poor health outcomes. Metabolically healthy obese people may be less at
risk than other obese people, but they still appear to be more at risk than the general
population (Karelis et al. 2004).
There appear to be racial differences in the susceptibility to acquiring visceral fat. Asians
have a higher percent of body fat for any given BMI than do Caucasians or people of subSaharan African descent (Deurenberg et al. 2002), carrying a greater proportion of fat in
visceral adipose tissue (Park et al. 2001; Yajnik 2004). Obese postmenopausal AfricanAmerican women have less visceral fat for any given BMI than do postmenopausal
Caucasian women, but a higher proportion of subcutaneous abdominal fat (Conway et al.
1995; Tittelbach et al. 2004). Young African-American men and women have less visceral
adipose tissue on average than do their Caucasian counterparts, despite African-American
women generally having higher total fat (Cossrow and Falkner 2004). Interestingly,
African-Americans and Caucasians differ in their susceptibility to different aspects of
metabolic syndrome: Caucasians are more likely to express dyslipidemia (e.g., unfavorable
cholesterol pattern and high triglycerides), and African-Americans appear more susceptible
to dysregulation of glucose metabolism (Cossrow and Falkner 2004).

Sex Differences in Fat Storage and Mobilization
Men and women differ in their patterns of fat deposition, fat mobilization, use of fat as a
metabolic fuel, and the consequences of both excess and insufficient fat stores. Many of
these differences may reflect evolved adaptive differences that stem from the differences in
male and female reproductive costs. The costs of gestation and lactation dwarf the energy
costs of male reproductive effort. This asymmetry in reproductive cost is reflected in the
asymmetry in fat storage and in the use of fat as fuel.
Women have greater adipose stores than men, even after correcting for BMI. This is true
for all races and all cultures. Indeed, the mean percent of body fat for normal-weight
women (BMI between 18 kg/m2 and 25 kg/m2) is similar to the percent body fat of men
who are classified as obese (BMI > 30 kg/m2) (Nielsen et al. 2004). This is partly explained
by higher muscle mass in men, but women often have more total fat than men, even given
male–female size differences. This sex difference in adiposity is present at birth. Female
babies have more subcutaneous fat than male babies for all gestational ages (Rodriguez et
al. 2005). Prepubertal girls have more fat in their legs and pelvis than do prepubertal boys
(He et al. 2004).
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Body fat also is distributed differently between men and women (see figure 7.1). Men are
more susceptible to abdominal adiposity (Nielsen et al. 2004), while women have greater
adipose stores in the thighs and buttocks (Williams 2004). Women have larger stores of
subcutaneous fat; men are more likely to have visceral fat (Lemieux et al. 1993). Men have
also consistently been shown to have greater rates of both fatty acid release (lipolysis) and
fatty acid uptake (lipogenesis) in visceral fat compared with women (Williams 2004). Thus,
in addition to men being more susceptible to excess visceral fat, the effects of visceral fat
on health may differ between the sexes.

Figure 7.1 Women have higher total percent body fat and a greater proportion
of fat in the legs than do men.

Data from Nielsen et al. 2004
Waist circumference is a significant risk factor for the comorbidities of obesity. Waist
circumference in men and women is significantly associated with abdominal subcutaneous
and visceral fat; however, the relationship between circumference and fat differs
significantly between the sexes. The regression lines of waist circumference against
subcutaneous abdominal fat for men and women are parallel; however, women have on
average 1.8 kg (4 lbs) more subcutaneous abdominal fat than men for any given waist
circumference (Kuk et al. 2005). In contrast, the slope of the regression line of waist
circumference against visceral fat is significantly greater for men than for women (Kuk et
al. 2005). Age and menopausal status also have significant effects on the relationship
between waist circumference and visceral fat. Older men and women have significantly
higher regression slopes than do their younger counterparts. The slopes of the regression
lines for men are greater than for women standardized to any age; however, the
standardized slope for 40-year-old women is the same as the standardized slope for 25-year-
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old men. The slope for menopausal women is greater than the slope for premenopausal
women, and approaches the male pattern (Kuk et al. 2005).

Sex Hormones
Not surprisingly, sex hormones affect adipose tissue metabolism and appear to play
significant roles in the resulting distribution and consequences of stored fat. Testosterone
acts to increase lipolysis, inhibit lipoprotein lipase activity, and decrease triglyceride
accumulation in adipose tissue. Lowering circulating testosterone levels in healthy young
men increases total adipose tissue; raising circulating testosterone decreases total adipose
tissue (Woodhouse et al. 2004). Estrogens play multiple roles in the regulation of adipose
tissue in both men and women. Androgens appear to block proliferation and differentiation
of preadipocytes (Singh et al. 2006). Estradiol enhances proliferation of preadipocytes from
both men and women in vitro (Anderson et al. 2001). The effect was greater in
preadipocytes from women compared to those from men.
Estradiol favors the deposition of subcutaneous fat; lack of estrogen in women leads to
both weight gain and a larger proportion of fat gain stored as visceral fat. Menopausal
women have higher visceral fat mass than do premenopausal women for the equivalent
percent body fat (Tchernof et al. 2004). Estradiol-treated postmenopausal women have
lower lipoprotein lipase (LPL) activity (Pedersen et al. 2004). Adipose tissues express both
androgen and estrogen receptors. Both the alpha and beta estrogen receptors are found in
adipose tissue (Pedersen et al. 2004). Visceral fat has higher levels of androgen and
estrogen receptors than subcutaneous fat, and this is true for both men and women
(Rodriguez-Cuenca et al. 2005).

Fat Metabolism
Fat metabolism in women and men differs in a number of ways consistent with the
differences in body fat percentage and adipose tissue distribution between men and women.
Women appear to be more metabolically inclined to store fat than are men. At rest, women
shunt more circulating free fatty acids into re-esterification pathways than do men (Nielsen
et al. 2003). Women have higher VLDL-triglyceride production rates than do men, but
similar circulating concentrations (Mittendorfer 2005). This is further evidence that women
have higher rates of re-esterification and thus re-uptake of free fatty acids into adipose
tissue than do men. In the basal condition, women are more physiologically adapted to store
fat than are men.
The rates of fatty acid uptake and release depend on the type of adipose tissue as well as
sex, and this is reflected in the differing patterns of fat deposition between men and women.
Women have higher rates of fat uptake into leg fat depots than do men (Votruba and Jensen
2006). Rates of fatty acid release from abdominal adipose tissue are higher in women than
men, but they are lower from gluteal or femoral adipose tissue (Williams 2004). After
feeding, fatty acid uptake is higher in abdominal adipose tissue relative to gluteal or femoral
adipose tissue in both men and women. However, in women, the majority of fatty acid
uptake in abdominal adipose tissue is into subcutaneous fat, while in men a larger
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proportion goes into visceral fat (Williams 2004). These findings are consistent with
women being more likely to store fat subcutaneously and preferentially in the gluteal and
femoral regions compared with men.
Interestingly, women also appear to use fat as an energy substrate during periods of
sustained exertion more than men do. Women have higher rates of fat oxidation than men
during sustained bouts of increased energy expenditure such as endurance training. Men are
more likely to upregulate glucose and amino acid metabolism during sustained exercise
bouts (Lamont et al. 2001; Lamont 2005). The difference is associated with estrogen.
Giving exogenous estrogen to men decreases carbohydrate and amino acid metabolism
during exercise and increases fat oxidation (Hamadeh et al. 2005). It would appear that
women are more physiologically geared to use fat as a metabolic fuel under conditions of
sustained increased demand, while men rely more on glucose and protein metabolism. This
difference is mediated by sex hormones.
Despite the greater increase in fat oxidation with sustained exercise by women, men are
more likely to lose fat through a program of increased exercise (Ross 1997; Donnelly et al.
2003). This puzzling result is not well understood. The studies to date have not shown that
men are more motivated or dedicated when exercising to lose weight. A possibility is that
although women may burn more fat through exercise than do men, afterward they may be
more likely to replenish their adipose stores during recovery.
Differences in fat metabolism between men and women during sustained exertion
probably relate to differences in past evolutionary pressures between men and women. Male
metabolism may reflect selective pressures primarily based on muscular activity, both
intense and sustained. Our female ancestors also expended large amounts of energy in
physical tasks; we are not suggesting that women did not physically work as hard as men,
though there are and always have been differences between the sexes in physical capability.
More importantly, however, women differed from men in that they expended large amounts
of energy during pregnancy and lactation. Pregnancy and lactation were perhaps the most
energetically costly events in the lives of our female ancestors. The demands of
reproduction were more likely to be the important selective pressures in women, and thus
had a larger influence on female metabolism.
\qqBegin special element\

Is Being Lazy Adaptive?
Animals in the wild act according to evolved behavioral strategies that have, on balance,
produced the highest fitness. Anyone who has observed wild animals for any length of time
knows that doing nothing appears to be a remarkably common strategy. Many animals
spend a good part of their day simply resting; for example, colobus monkeys spend more
than half of their waking time resting (Wong and Sicotte 2007). Performing calisthenics,
expending energy for the sole purpose of exercising one’s muscles, is largely a human
endeavor. Of course, many animals expend energy in physical play, both social and solitary.
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Sedentary behavior can have adaptive value. It reduces energy expenditure as well as the
risks of acute injury. In our evolutionary past, the opportunities to engage in sedentary
behavior were usually limited, both in total amount and, perhaps most importantly, in the
duration of any sedentary behavior episode. For our human ancestors, important survival
tasks such as eating were intrinsically linked with exertion. Short periods of sedentary
behavior may have been important as rest and recovery times for the necessary efforts to
sustain life, but the number and duration of sedentary bouts were constrained. In the
modern environment, we have seen increases in both the opportunity to engage in sedentary
behavior and the requirement for sitting time in order to function in society.
Human beings vary in how energetically they choose to live their lives. Some people are
always doing something; others are quite content to kick back whenever the opportunity
arises. It is interesting to consider that both strategies would have had adaptive advantages
in our past. One of the asymmetries that likely contributes to overweight and obesity is that
motivation to indulge in food can be greater than motivation to indulge in physical activity.
NHANES performed one study measuring not only the amount of steps taken, but the
intensity of those actions, and found that less than 5% of people meet the recommended 30
minutes of moderate- to vigorous-intensity physical activity 5 days per week. Self-report of
physical activity was significantly less accurate than direct measures, with individual
reports indicating that 30% of people believed they met current exercise guidelines. Perhaps
this discrepancy reflects a bias within our cognitive system in which effort is assessed as a
higher cost than food is a benefit.
\qqEnd special element\

Vitamin D, Adipose Tissue, and Sedentary
Behavior
Vitamin D was not a required nutrient for most of our evolutionary past. Our ancestors
produced sufficient vitamin D through a photosynthetic reaction in skin in which 7dehydrocholesterol is converted to previtamin D by absorbing ultraviolet B radiation
(UVB). Previtamin D spontaneously converts to vitamin D at mammalian skin
temperatures. Rather than being a nutrient, vitamin D is an endogenously produced
precursor to a steroid hormone. It is converted in the liver by an unregulated hydroxylation
to 25-hydroxyvitamin D, the main circulating form and the best measure of vitamin D
status, and then again in the kidney through a tightly regulated reaction to 1,25dihydroxtvitamin D, which is the form with the highest bioactivity. Vitamin D deficiency is
a disease of modern humanity related to reduced sunlight exposure that first emerged during
the industrial revolution and is still present today. Although frank deficiency is rare, large
segments of the human population have low levels of circulating 25-hydroxyvitamin D (van
Schoor and Lips 2011) and might suffer lessening of health because of it (Holick and Chen
2008).
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Both obesity and sedentary behavior are associated with low vitamin D status and
increased risk of vitamin D deficiency (Wortsman et al. 2000; Brock et al. 2010). The
proposed underlying causes for low vitamin D status in sedentary people include low
exposure to sunlight, low intakes of foods rich in vitamin D, and the interaction of excess
adipose tissue with vitamin D storage and metabolism. It appears that a large mass of
adipose tissue leads to excess vitamin D metabolites becoming sequestered in adipose
tissue, and thus circulating levels are decreased. There also appears to be a direct effect of
high physical activity on vitamin D status. Higher physical activity is associated with better
vitamin D status even after accounting for sun exposure and diet (Bell et al. 1988; Brock et
al. 2007), though the mechanism is unknown.
Adipose tissue acts as a storage depot for vitamin D metabolites and other fat-soluble
molecules. This is one reason why vitamin D deficiency takes a long time to develop and
why humans far from the equator can remain vitamin D sufficient through the winter even
with low dietary vitamin D. High sun exposure during the summer months would result in
several months’ supply of vitamin D and its metabolites being stored in body fat. This
mechanism is potentially important for infant health as well. Infants are born with several
months’ supply of vitamin D transferred in utero across the placenta and stored in adipose
tissue. Even though breast milk is deficient in vitamin D (Hillman 1990), a solely breast-fed
infant has enough stored vitamin D to avoid frank deficiency for many months. And of
course if the infant is exposed to intense enough sunlight (or another source of UVB
radiation), endogenous photosynthetic production will be sufficient. However, it appears
that above some thresholds, adipose tissue acts to reduce vitamin D availability by
effectively trapping it (Worstman et al. 2000).
Low vitamin D status is associated with increased risk for a number of diseases besides
the bone diseases of rickets and osteoporosis. Low vitamin D status is strongly associated
with colorectal cancer (Garland and Garland 1980; Grant and Garland 2004; Jenab et al.
2010). Indeed, low vitamin D status appears to be a risk factor for many cancers; this is not
surprising considering that 1,25-dihydroxyvitamin D is a potent hormone in the regulation
of cell growth (Zhang and Naughton 2010). Low circulating 25-hydroxyvitamin D is
associated with an increased risk of cardiovascular disease (Anderson et al. 2010). Vitamin
D supplementation reduces inflammation, possibly by its effect on cytokine profiles,
increasing anti-inflammatory cytokines such as IL-10 (Schleithoff et al. 2006). Although
the mechanisms are uncertain, low vitamin D status is associated with poor glucose
metabolism, impaired insulin secretion, and insulin resistance (Roth et al. 2011). Increasing
circulating 25-hydroxyvitamin D levels improved insulin sensitivity in obese women
(Tzotzas et al. 2010). Thus, vitamin D insufficiency appears to be linked with the
development of diabetes, both type 1 and type 2 (Osei 2010). Vitamin D appears to have
potent effects on immune function, and low vitamin D status increases the risks of
contracting infectious disease, including higher risk for contracting tuberculosis (Zhang and
Naughton 2010). Overall mortality risk declines with increasing circulating 25hydroxyvitamin D up to a threshold of 87.5 nmol/L (Zittermann et al. 2012). Finally, low
vitamin D status is associated with significant cognitive decline in the elderly (Llewellyn et
al. 2010). The extent to which a sedentary lifestyle contributes to vitamin D insufficiency
and thus to the associated disease risks is uncertain, but the evidence suggests that a
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sedentary lifestyle can contribute to a lessening of health through its negative effect on
vitamin D status, both directly and through the increased risk of obesity from a sedentary
lifestyle.

Obesity Prevalence
Is obesity really at epidemic levels? Throughout history and likely extending into
prehistory, there have been obese human beings. In the past, obesity was rare, and
represented highly unusual metabolic or cultural circumstances. External factors generally
restricted the obesity phenotype from being expressed. Today obesity has become common.
In 1994, more than half of the American states had a prevalence of obesity among adults of
less than 15%. By 2000, only 1 state was below 15%. By 2005, all 50 states had higher than
15% obesity prevalence and 3 states were over 30%. In 2009, the number of states with an
obesity prevalence of 30% or higher had increased to 9. Five years later, in 2014, no state
had an obesity prevalence less than 20% and 22 states had an obesity prevalence greater
than 30%. The lowest state obesity rate in 2014 was Colorado at 21.3%; the highest was
Arkansas at 35.9% (see table 7.2). Globally, between 1980 and 2008, the obesity prevalence
among adult men doubled and the prevalence among adult women increased by 75%. In
1980, no major region of the world had an adult female obesity prevalence above 25%. The
obesity prevalence among adult women now exceeds 30% in North America, Central
America, the Middle East, and North and Southern Africa (Malik et al. 2012). This is
extraordinarily rapid phenotypic change in a population. It cannot be caused by genetic
change; rather, the modern environment is interacting with our evolved biology in ways that
create large groups of people who are vulnerable to sustained weight gain. Human cultural
and technological abilities have allowed obesity to become common. The modern human
environment has become obesogenic.

Table 7.2 U.S. 2014 Obesity Prevalence by State and the District of Columbia.
State

Obesity prevalence (%)

State

Obesity prevalence (%)

Colorado

18.6

Illinois

26.5

Washington, D.C.

19.7

Delaware

27.0

Connecticut

20.6

Georgia

27.2

Massachusetts

21.4

Nebraska

27.2

Hawaii

22.3

Pennsylvania

27.4

Vermont

22.8

Iowa

27.9
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Oregon

23.0

North Dakota

27.9

Montana

23.2

Kansas

28.1

New Jersey

23.3

Texas

28.7

Utah

23.5

Wisconsin

28.7

New York

24.2

Ohio

28.8

Idaho

24.5

North Carolina

29.3

Minnesota

24.6

South Carolina

29.4

Rhode Island

24.6

Indiana

29.5

Wyoming

24.6

Michigan

29.6

Alaska

24.8

South Dakota

29.6

California

24.8

Missouri

30.0

Virginia

25.0

Arkansas

30.5

New Mexico

25.1

Alabama

31.0

Florida

25.2

West Virginia

31.1

Arizona

25.5

Oklahoma

31.4

New Hampshire

25.7

Kentucky

31.5

Maine

25.8

Tennessee

32.3

Nevada

25.8

Louisiana

33.0

Maryland

26.2

Mississippi

34.4

Washington

26.4

Data from CDC 2015.
The word epidemic conjures up visions of substantial numbers of healthy people
suddenly being stricken with some affliction. Human obesity does not fit that definition.
However, Flegal (2006) carefully reviewed definitions of the word epidemic and concluded
that the recent changes in human obesity prevalence do indeed have characteristics of an
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epidemic. She relied mainly on the epidemiological definition of epidemic, in which the
salient point is that an epidemic is an occurrence of “health related events clearly in excess
of normal expectancy” (p. 72). She concluded that the extent of the increase in the
prevalence of obesity was not predictable from the obesity prevalence data prior to 1980.
Changes in the prevalence of obesity occur on the timescale of human generations. On that
timescale, the increase in number of obese people over the last 20 to 30 years is indeed
dramatic, and would not have been predicted from an examination of data from the previous
hundreds of years.
Others have criticized the use of the word epidemic in regard to human obesity, arguing
that it inappropriately raises the level of concern around this health issue. They argue that
the rise in overweight and obesity is not rapid and dramatic enough and the health
consequences not so dire as to justify the notion of an obesity epidemic. Campos and
colleagues (2006) caution that many economic interests (e.g., the diet industry, health food
industry, and even biomedical researchers) have a vested interest in an exaggerated concern
over humanity’s increase in body weight. Of course others (e.g., Kim and Popkin 2006)
have pointed out that there are equally economically powerful groups that would benefit
from a lack of concern (e.g., fast food and soft drink companies).
Still, the word epidemic does suggest a crisis, and scientists especially should be careful
of contributing to the crisis mentality that seems to permeate our culture these days. The
norms of body form and adiposity have changed many times over history. Some of the
changes, especially as they have related to women, are not biologically sound or health
based, and health-based guidelines for human adiposity are what is needed. Still, as Flegal
(2006, p. 74) noted, the increase in human obesity “does have some characteristics of an
epidemic.” This conclusion does not negate or override the cautions brought up by
researchers who disagree. Health is a multidimensional parameter; BMI and even percent
body fat will explain only part of the variation in people’s health. What is true is that
humanity has changed quite dramatically in BMI over the last few decades, and this change
appears likely to continue worldwide for the near future.

Summary
Human obesity has ancient origins but was at low prevalence for most of our
evolutionary history. The rapidly increasing prevalence of obesity indicates that novel risk
factors have been created in the modern world. Adipose tissue sequesters lipid (fat) to
prevent lipotoxicity and provide a store of metabolic energy for periods of deprivation.
Adipose is endocrinologically active, and can affect metabolism and physiology directly
and indirectly by the release of hormones and cytokines. These are all adaptive functions
necessary for health. Obesity is an unhealthy excess of adipose tissue. It is associated with
an increased inflammatory state, in part due to inflammatory cytokines released by adipose.
The metabolic dysregulation from obesity creates an allostatic load on the individual’s
physiology, leading to eventual pathology. Men and women differ in their proportion of
adipose tissue, its distribution on the body, and the propensity to store, mobilize, and
metabolize fat. On average, women have larger stores of subcutaneous fat, are more likely
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to have large adipose stores in thighs and buttocks, and are less likely to have abdominal fat
than are men. Central obesity, excess adipose tissue in the abdominal region, is associated
with higher risks of metabolic disease. Sedentary behavior may have had adaptive value in
the past, when it was constrained by circumstances to be infrequent and of short duration.
The modern environment allows and even requires more sedentary behavior of longer
duration. Obesity and sedentary behavior are risk factors for each other. Both obesity and
sedentary behavior also are associated with an increased risk of vitamin D deficiency. The
epidemic of obesity and the substantial increase in the amount of time people spend sitting
are both important factors in the unfortunate increase in the prevalence of metabolic disease
in modern humans.
\qqBegin special element\

Key Concepts
• Adipose tissue: The main depot for fat storage on the body. It consists of adipocytes that
store lipid, connective tissue, and macrophages and other cells that produce
immunological and endocrine factors. Adipose tissue is thus an endocrine organ as well
as a fat storage organ.
• Allostatic load: The breakdown of physiology and even tissue due to the continuous
upregulation of regulatory mechanisms attempting to maintain physiology and
metabolism within viable parameters. Allostatic load is often referred to as the wear and
tear on the body due to adaptive physiological responses that become dysregulated or
upregulated beyond their normal levels or timescales. Circumstances under which the
maladaptive upregulation of these adaptive responses can arise include repeated or
chronic challenges to the organism’s viability, a failure of the adaptive regulatory
response to solve the challenge that results in continual activation of a normally shortterm physiological response, and uncertainty in the environment that causes habitual
anticipatory responses to challenges that might not then occur.
• Body mass index (BMI): The body mass of a person in kg divided by their height in m2.
Normal BMI is generally defined as between 18 and 25 kg/m2, overweight between 25
and 30 kg/m2, and obesity as 30 kg/m2 or greater; below 18 kg/m2, a person can be
considered unhealthily lean.
• Central obesity: Excess adipose tissue in the abdominal region, often with substantial
visceral fat in addition to subcutaneous fat. Associated with higher risks of type 2
diabetes, hypertension, dyslipidemia, and cardiovascular disease in both men and
women.
• Epidemic: A rapid spread or increase in the occurrence of something, affecting or
tending to affect a disproportionately large number of people within a population,
community, or region at the same time.
• Mismatch paradigm: Because the modern environment differs substantially in many
ways from that of our ancestors, our evolved biological responses may be out of sync
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with our modern-day challenges. Our physiological responses to modern circumstances
may not always be appropriate. We are evolved to respond to challenges that rarely occur
in the modern world (e.g., extreme hunger, the need for constant exertion) and have not
evolved responses to some of the challenges to health we now face (e.g., moderating
intake of highly palatable foods, sitting for long periods of time). The congruence
between the mismatch paradigm and allostatic load is fairly straightforward; the more an
organism’s biology and physiology is a mismatch for its environment, the greater the
allostatic load.
• Obesity: An unhealthy excess of adipose tissue on the body. In epidemiology, it is often
measured by use of BMI, with a BMI equal to or greater than 30 kg/m2 defined as obese.

Study Questions
1. What are the differences among metabolic obesity, sociocultural obesity, and
environmental obesity?
2. What is the difference between homeostasis and allostasis?
3. Describe the concept of the mismatch paradigm within the context of obesity.
4. List three adaptive functions of adipose tissue.
5. How do men and women generally differ in the patterns of fat deposition on their
bodies?
6. Are some patterns of fat deposition considered healthier than others?
7. Describe at least two ways adipose tissue influences circulating steroid hormones.
8. How might sedentary behavior contribute to vitamin D deficiency?
9. Is the rate of increase in worldwide obesity sufficient to be labeled an epidemic?
\qqEnd special element\
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Chapter 8
Sedentary Behavior and
Incident Diabetes
Carl J. Caspersen, PhD, MPH; and G. Darlene Thomas, BA
\qqBegin special element\
The reader will gain an overview of epidemiological evidence from prospective
observational cohort studies of sedentary behavior and incident diabetes and its potential
relevance to public health. By the end of this chapter, the reader should be able to do the
following:
• Understand the public health burden of diabetes in the United States
• Identify risk factors that influence the development of diabetes
• Understand what epidemiologic evidence reveals about the association between
sedentary behavior and incident diabetes, especially regarding dose response
• Understand what other variables and biases may explain the association between
sedentary behavior and incident diabetes
• Understand the use of criteria for inferring a potential causal association between
sedentary behavior and incident diabetes
\qqEnd special element\
In 1996, the United States Surgeon General’s Report on Physical Activity and Health
(U.S. Department of Health and Human Services 1996) concluded that physical activity
reduces the risk of incident diabetes. This association compared population levels of the
least active with the most active people on a physical activity continuum assessed mainly
during leisure time. From this evidence, it became clear that being the least active person in
one’s society increases one’s future diabetes risk. More recently, it has been noted that there
is a very weak correlation between time spent being physically active in leisure time versus
time spent in sedentary pursuits like television (TV)viewing (Hu et al. 2003). This suggests
that there might be a unique association between sedentary behavior and diabetes incidence.
Such an association is important because Americans spend large amounts of time in
sedentary pursuits. For example, Americans spent almost 34 hours per week watching TV
in 2012 (Nielsen Company 2012). Also, from 1960 to 2008, the prevalence of sedentary
(<2.0 METs) jobs increased from about 15% to 23% (Church et al. 2011) (a MET
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represents the metabolic cost of resting quietly). “For a reference adult, 1 MET is
approximately 3.5 ml oxygen·kg-1 body weight·min-1 or 1 kcal·kg-1·h-1 body weight”
(Ainsworth et al. 2011, page 1577). Also, McKenzie and Rapino (2011) indicated that
American workers reported a mean one-way travel time to work of slightly under 22
minutes in 1980, which increased to roughly 25 minutes by 2005 and remained at that level
until 2009. For that final year, slightly more than 2% of workers spent 90 minutes or more
traveling to work.
Understanding the unique influence of sedentary behavior on diabetes may help in
identifying and implementing public health efforts that could reduce the future burden of
diabetes in the United States or any other modern society. This chapter examines
epidemiological evidence from four prospective observational cohort studies detailing
multiple levels of sedentary behavior and incident type 2 diabetes with a goal of identifying
dose–response relationships while highlighting limitations that might explain noted
associations. This chapter concludes by applying criteria to assess whether a causal
inference exists for the association between sedentary behavior and diabetes that might
warrant public health action.

Diabetes and Its Public Health Burden
The Centers for Disease Control and Prevention (CDC) defines diabetes mellitus as a
condition characterized by high amounts of blood glucose arising from defects in insulin
production, insulin action, or both that occurs when there is limited production of, or
reduced capacity to use, insulin (a hormone that facilitates the transfer of glucose into cells
to be converted to energy) (2014). The American Diabetes Association (ADA) has
established that diabetes is determined by a blood glucose test result of ≥126 mg/dl
following an overnight fast or ≥200 mg/dl after a 2-hour oral glucose tolerance test or a
hemoglobin A1c level of ≥6.5% (2013a). The latter test does not require fasting. Along with
diabetes symptoms (e.g., frequent urination, excessive thirst, unexplained weight loss), a
casual plasma glucose value of ≥200 mg/dl may also reveal the presence of diabetes. Two
principle types of diabetes exist. Type 1 usually presents during childhood or adolescence
and occurs through autoimmune destruction of pancreatic beta cells, making insulin
unavailable. Type 2 is associated with obesity and physical inactivity and usually appears in
adults 40 years and older. Type 2 arises when cells become resistant to the effects of insulin
and when there is a relative insulin deficiency. Type 2 accounts for 90% to 95% of all cases.
Thus, this chapter is limited to type 2 diabetes.
In 2012, 29.1 million Americans (or 9.3% of the U.S. population) had diabetes (CDC
2014). In 2012, about 1.7 million diabetes cases were newly diagnosed among American
adults aged 20 years and older (CDC 2014). National survey data from 1997 to 2003
suggest that the incidence of diagnosed diabetes among American adults aged 18 to 79
years increased by 41% (from 4.9 to 6.9 per 1,000 population) (Geiss et al. 2006).
Projections that allow for increased aging of Americans and expected changes in race/
ethnic composition suggest that diabetes prevalence of adults ages 18 to 79 years will rise to
as much as 33% by 2050 (Boyle et al. 2010). Normal aging processes are hastened among
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people with diabetes (Aronson 2003; Ulrich and Cerami 2001), resulting in shorter life
expectancy of as much as 8 years for adults aged 55 to 64 years and 4 years for those aged
65 to 74 (Gu et al. 1998; Narayan et al. 2006).
Unfortunately, diabetes and its complications (e.g., cardiovascular, physical function,
problems with foot, eyes, and kidney) produce large economic costs (Engelgau et al. 2004).
In 2012, total diabetes costs in the United States amounted to almost $245 billion, with
$176 billion attributed to direct medical costs and $68.6 billion to indirect costs (ADA
2013b). The latter costs include disability, work loss, and premature death. For the same
year, Americans with diagnosed diabetes had medical expenditures estimated to be 2.3
times higher than for expenditures among people without diabetes, with annual diabetesrelated expenditures higher still for older diabetic patients due to more use of medications,
medical services, and home care.

Key Risk Factors
Risk factors for type 2 diabetes include race/ethnicity, family history of diabetes, history
of gestational diabetes, impaired glucose metabolism, older age, physical inactivity, and
obesity (CDC 2014). Current risk tests from the National Diabetes Education Program
include questions on these factors and on sex, blood pressure, and inactivity
(2012). However, a recent systematic review examined 145 risk prediction models and
scores and determined that “there is no universal ideal risk score, as the utility of any score
depends not merely on its statistical properties but also on its context of use” (Noble et al.
2011, page 6). Regardless of presumed relative importance of diabetes risk factors, only
impaired glucose metabolism, BMI, and inactivity are modifiable; therefore, these factors
are likely candidates for targeted public health interventions that improve diet and increase
leisure-time activity. Independent of the use of physical inactivity in general, other things
like sedentary behavior are not yet considered as risk factors.

Sedentary Behavior as Distinct From Physical
Activity
For sedentary behavior to be seen as a unique risk factor, some definitions are helpful.
Physical activity has been defined as “any bodily movement produced by skeletal muscles
that results in energy expenditure” (Caspersen et al. 1985, page 126). Physical activity in
daily life can be categorized into occupational, sports, conditioning, transportation,
household, or other activities. Recently, a group of 52 researchers published a letter to the
editor stating the following:
We suggest that journals formally define sedentary
behaviour as any waking behaviour characterized by an
energy expenditure ≤ 1.5 METs while in a sitting or
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reclining posture. In contrast, we suggest that authors use
the term “inactive” to describe those who are performing
insufficient amounts of MVPA [moderate to vigorous
physical activity] (i.e., not meeting specified physical
activity guidelines). (Sedentary Behavior Research
Network 2012, page 544).
Because of the recency of this definition, it may not correspond to the definition of
physical inactivity in the U.S. Surgeon General’s Report on Physical Activity and Health
(U.S. Department of Health and Human Services 1996). Likewise, earlier researchers could
not use this definition; hence, we relied on their operational definitions and measures of
sedentary behavior in our chapter.

Epidemiological Diabetes Research
We examined prospective epidemiologic evidence of sedentary behavior and incident
diabetes. We found four cohort studies that measured multiple levels of baseline sedentary
behavior among participants without previously diagnosed diabetes and with incident
diabetes cases ascertained prospectively. Table 8.1 provides an overview of the measures of
sedentary behavior for each study. When choosing from multiple models that have differing
amounts of confounding variables, we selected those that included age, smoking, alcohol
use, physical activity, dietary factors, and BMI.

Table 8.1 Four Prospective Observational Cohort Studies Examining the
Association Between Sedentary Behavior and Incident Diabetes
Study

Measures of sedentary behavior and physical activity

Health Professionals Follow-Up
Study, United
States (Hu et al.
2001)

<tbl>TV viewing (average hr/week) using the 1988 baseline questionnaire (and every 2 years thereafter) in categories of 0-1, 2-10, 11-20,
21-40, and >40
Weekly physical activity energy expenditure (MET-hr) calculated from
1986 baseline questionnaire responses (and every 2 years thereafter)
<tdlbl>Average weekly time spent walking, jogging, running, bicycling, doing calisthenics or using a rowing machine, lap swimming, or
playing squash, racquetball, or tennis
Walking pace (in mph) was assessed as easy/casual (<2), normal
(2-2.9), brisk (3-3.9), or striding (≥4).
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Nurses’ Health
Study, United
States (Hu et al.
2003)

Time (average hr/week) from 1992 baseline questionnaire (and every 2
years thereafter) in categories of 0-1, 2-5, 6-20, 21-40, >40 for:
<tdlbl>TV/VCR viewing
Other sitting at home (e.g., during reading, meal times, at desk)
Sitting at work or away from home or while driving
<tbl>Weekly physical activity energy expenditure (MET-hr) calculated
from questionnaire responses at 1992 baseline (and every 2 years
thereafter)
<tdlbl>Average weekly time spent walking, jogging, running, bicycling, doing calisthenics, aerobics, or aerobic dance, using rowing machine, lap swimming, or playing squash, racquetball, or tennis
Walking pace (in mph) was assessed as easy/casual (<2), normal
(2-2.9), brisk (3-3.9), or very brisk/striding (≥4).

Black Women’s
Health Study,
United States
(Krishnan, Rosenberg, and Palmer
2009)

<tbl>TV viewing (hr/day) using biennial questionnaire in categories of
0-1, 1-2, 3-4, ≥5

European Prospective Investigation
into Cancer and
Nutrition (EPIC)–
Potsdam study,
Germany (Ford et
al. 2010)

TV viewing (average hr/day) during the last 12 months using baseline
questionnaire in categories of <1, 1-<2, 3-<4, ≥4

Vigorous activity (hr/week) in categories of 0-<1, 1-2, 3-4, 5-6, ≥7
Walking (hr/week) in categories of 0-<1, 1-2, 3-4, ≥5, with pace (mph)
assessed as no walking, casual/strolling (<2), average/normal (2-<3),
and fairly brisk (3-<4)

Physical strain at work specific to the following categories:
<tdlbl>Manual work, including handling of heavy objects and use of
tools (e.g., plumber, electrician, carpenter)
Heavy manual work. including very vigorous activity such as handling
of very heavy objects (e.g., docker, miner, bricklayer, construction
worker)
<tbl>Physical activity (hr/week) walking, gardening, bicycling, and
performing sports using self-administered questionnaire at baseline
followed by a personal interview

Health Professionals Follow-Up Study
In 1986, the U.S. Health Professionals Follow-Up Study began following 37,918 men
ages 40 to 75 years who were initially free of diabetes, cardiovascular disease, and cancer
(Hu et al. 2001). In 1988, these men self-reported average weekly hours spent viewing TV

182

or videos. Men reporting a diagnosis of diabetes received a supplemental mail questionnaire
to confirm a case through one or more of the following:
1. Classic diabetes symptoms plus a fasting glucose ≥ 7.8 mmol/L (≥140 mg/dl) or
random glucose ≥ 11.1 mmol/L (≥200 mg/dl)
2. Without symptoms, having elevated glucose concentrations on two or more different
occasions
3. Treatment with hypoglycemic medications
Over 8 years of follow-up, there were 767 cases of diagnosed type 2 diabetes for 249,617
person-years of TV or video exposure. Adjustment for confounders included age, study
time periods, cigarette smoking, parental history of diabetes, alcohol consumption, and
physical activity (see table 8.2). With these adjustments, the relative risk (RR) of diabetes
increased with average weekly hours of TV viewing. Comparing extreme contrasts for this
adjusted model but also including body mass index (BMI) reduced the RR by almost 20%
to 2.31 (p for trend = 0.01), while added adjustments for dietary saturated fat,
monounsaturated fat, polyunsaturated fat, trans-fatty acids, and cereal fiber reduced the RR
by 22% to 2.23 (p for trend = 0.02). Evaluating adjustment for confounding variables is
critical in any prospective observational cohort study to consider more correctly the
veracity of the identified association. For example, when finding that adjustment for other
variables substantially reduces or renders nonsignificant the effect (e.g., RR), then one must
assume that these factors have importantly influenced the association between baseline
exposure to sedentary behavior and incident diabetes. In the latter case, it may very well
prove to be the primary variable explaining the association.

Table 8.2 Health Professionals Follow-Up Study Analysis \QQGD: Please
ensure that the text is aligned row to row.xqqME\
TV viewing (hr/
week) [%]

Relative risk of incident diabetes (95% CI) / [change in
risk (%)]

p–value
Model adjustments for
for linear confounding variables
trend

0-1 [6.7]

1.00

<0.001

2-10 [57.1]

1.63 (1.13-2.35) [63]

11-20 [25.1]

1.61 (1.10-2.36) [61]

21-40 [10.5]

2.16 (1.45-3.22) [116]

Multivariate with age,
study time, cigarette smoking, parental history of diabetes, and alcohol consumption

>40 [0.7]

3.02 (1.53-5.93) [202]

0-1 [6.7]

1.00

<0.001

2-10 [57.1]

1.66 (1.15-2.39) [66]

Above multivariate model
with PA quintiles

11-20 [25.1]

1.64 (1.12-2.41) [64]
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21-40 [10.5]

2.16 (1.45-3.22) [116]

>40 [0.7]

2.87 (1.46-5.65) [187]

0-1 [6.7]

1.00

2-10 [57.1]

1.51 (1.05-2.19) [51]

11-20 [25.1]

1.44 (0.98-2.11) [44]nsd

21-40 [10.5]

1.83 (1.23-2.74) [83]

>40 [0.7]

2.31 (1.17-4.56) [131]

0-1 [6.7]

1.00

2-10 [57.1]

1.49 (1.03-2.15) [49]

11-20 [25.1]

1.39 (0.95-2.05) [39]nsd

21-40 [10.5]

1.77 (1.18-2.64) [77]

>40 [0.7]

2.23 (1.13-4.39) [123]

0.01

Above multivariate model
with PA quintiles and BMI

0.02

Above multivariate model
with PA quintiles, BMI,
and dietary restrictions

BMI = body mass index, CI = confidence interval, nsd = nonsignificant difference, PA =
physical activity
Data from Hu et al. 2001.
Hu and others (2001) also examined RRs of incident diabetes for increasing quartiles of
weekly TV viewing (hr/week) when stratified by quartiles of increasing physical activity
(MET-hr/week categories) (see table 8.3). The referent category was the most active group
(e.g., ≥46 MET-hr/week) having the lowest TV viewing rate (e.g., <3.5 hr/week).

Table 8.3 Relative Risks for Incident Diabetes for Quartiles of TV Viewing
and Physical Activity
<tsp>Quartiles (Q) of TV viewing [hr/week]
Quartiles (Q) of physical activity [MET-hr/
week]

Q1

Q2

Q3

Q4

[<3.5]

[3.6-8.0]

[8.1-15]

[>15]

Q1 [<10]

1.92

2.23

2.36

2.92

Q2 [10.0-23.5]

1.65

1.71

1.83

2.12

Q3 [23.6-45.9]

1.11

1.36

1.29

1.67
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Q4 [≥46]

1.00

1.26

1.09

1.37

Data from Hu et al. 2001.
Although neither error bars nor test statistics were offered to compare individual
estimates, the tendency across rows was to see increasing RRs for increasing quartiles of
TV viewing, with smaller estimates row to row as quartiles of physical activity increased.
Interestingly, the lowest physical activity quartile (e.g., <10 MET-hr/week) included the
minimal amount of physical activity currently recommended for health (e.g., 8.75 MET-hr/
week for 2.5 hr/week of moderate-intensity activity of 3.5 METS) (U.S. Department of
Health and Human Services, Physical Activity Guidelines, 2008), while the highest quartile
(e.g., ≥46 MET-hr/week) was 5.4 times the recommended level. Hence, Hu’s 2001
questionnaire results suggest an extremely active sample, which should be kept in mind
when evaluating the generalizability of these data.

Nurses’ Health Study
From 1992 to 1998, the Nurses’ Health Study followed 68,497 women aged 30 to 55
years from 11 American states who were initially free of diabetes, cardiovascular disease,
or cancer (Hu et al. 2003). These women self-reported their average hourly weekly sitting
time while at home viewing TV or videos; at work, away from home, or driving; and at
home while reading, eating, or sitting at a desk (see table 8.4). During follow-up, 1,515
women who reported having diabetes completed a supplemental questionnaire confirming
diabetes using symptoms and reported blood tests or hypoglycemic medications, as Hu and
others (2001) also did. Average weekly TV viewing significantly increased type 2 diabetes
risk following adjustment for physical activity. Additional adjustments for the dietary
variables of glycemic load, polyunsaturated fatty acid, trans fat, and cereal fiber slightly
reduced the RR by less than 4% to 1.70. Further adjustment for BMI substantially
attenuated the RRs to nonsignificance. For extreme categories of sitting at work and also of
other sitting at home exclusive of TV viewing, when adjusting for physical activity, there
was a significantly increased diabetes risk of 1.51 for both sedentary behavioral definitions.
Additional adjustments for dietary variables produced no important changes in the RRs for
the extreme contrast: 1.48 and 1.54, respectively. Adjustments for BMI were not discussed.
Diabetes risk increased for each 2-hour increase in sitting during TV viewing of 14% (95%
confidence interval [CI]: 5-23%) increasing by 7% (95% CI, 0-16%) for sitting while at
work (that latter has a confidence interval whose lower bound represents no change,
however).

Table 8.4 Nurses’ Health Study Analysis
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Time spent (hr/week) Relative risk of inci[%]
dent diabetes (95%
CI) / [change in risk
(%)]

p –value Model adjustments for
for line- confounding variables
ar trend

<tsp>TV viewing
0-1 [7]

1.00

2-5 [24.6]

1.10 (0.86-1.41) [10]nsd

6-20 [52.4]

1.33 (1.06-1.68) [33]

21-40 [13.9]

1.49 (1.16-1.92) [49]

>40 [2.1]

1.77 (1.24-2.52) [77]

0-1 [7]

1.00

2-5 [24.6]

1.09 (0.85-1.39) [9]nsd

6-20 [52.4]

1.30 (1.03-1.63) [30]

21-40 [13.9]

1.44 (1.12-1.85) [44]

>40 [2.1]

1.70 (1.20-2.43) [70]

<0.001

Multivariate with age, hormone use, cigarette smoking, family history of diabetes, alcohol consumption,
and physical activity (METs
in quintiles)

<0.001

Above multivariate model
plus dietary variables

0.003

Multivariate with age, hormone use, cigarette smoking, family history of diabetes, alcohol consumption,
and physical activity (METs
in quintiles)

0.004

Above multivariate model
plus dietary variables

<tsp>Other sitting at
home
0-1 [3.7]

1.00

2-5 [25.9]

0.87 (0.67-1.13) [−13]nsd

6-20 [56.3]

1.12 (0.77-1.28) [12]nsd

21-40 [11.6]

1.13 (0.71-1.25) [13]nsd

>40 [2.5]

1.51 (1.10-2.19) [51]

0-1 [3.7]

1.00

2-5 [25.9]

0.87 (0.67-1.13) [−13]nsd

6-20 [56.3]

0.98 (0.76-1.26) [−2]nsd

21-40 [11.6]

0.94 (0.70-1.24) [−6]nsd

>40 [2.5]

1.54 (1.10-2.18) [54]

<tsp>Other sitting at
work, away from
home, and while driving
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0-1 [7.9]

1.00

2-5 [30.8]

1.00 (0.82-1.21) [0]nsd

6-20 [45.3]

1.12 (0.92-1.35) [12]nsd

21-40 [12.9]

1.13 (0.90-1.42) [13]nsd

>40 [3.2]

1.51 (1.11-2.04) [51]

0-1 [7.9]

1.00

2-5 [30.8]

0.99 (0.81-1.20) [−1]nsd

6-20 [45.3]

1.10 (0.91-1.33) [10]nsd

21-40 [12.9]

1.12 (0.89-1.41) [12]nsd

>40 [3.2]

1.48 (1.10-2.01) [48]

0.004

Multivariate with age, hormone use, cigarette smoking, family history of diabetes, alcohol consumption,
and physical activity (METs
in quintiles)

0.005

Above multivariate model
plus dietary variables

CI = confidence interval, METs = metabolic equivalent hours, nsd = nonsignificant
difference
Data from Hu et al. 2003.

Black Women’s Health Study
From 1995 to 2005, the Black Women’s Health Study followed 45,668 participants aged
21 to 69 years, during which 2,928 incident cases of type 2 diabetes emerged for 182,994
person-years of follow-up (Krishnan, Rosenberg, and Palmer 2009) (see table 8.5). The
women of the sample “were enrolled through postal questionnaires mailed to subscribers of
Essence magazine, members of several professional organizations, and friends and relatives
of early respondents” (page 428). Using Cox proportional hazards models, women who
reported ≥5 hours compared to <1 hour of daily TV viewing had an incidence rate ratio of
1.86 independent of physical activity levels (both vigorous physical activity and walking),
energy intake, and other covariate adjustments (see table 8.5), but not adjusting for specific
dietary variables or BMI. For the same extremes of TV viewing, the incident rate ratio was
highest for those in the lowest BMI category (<25 kg/m2) (e.g., 2.49) compared with that
for the highest BMI category (>35 kg/m2) (e.g., 1.59). Data for incidence rates were not
offered, but this seemingly counterintuitive finding might have arisen, for example, when
otherwise identical absolute changes between extreme BMI categories resulted in a higher
rate ratio when lower rates of diabetes development occurred for the leaner context
compared to higher rates for the heavier context. This, nonetheless, suggests that future
research should try to replicate this finding with other data.

Table 8.5 Black Women’s Health Study Analysis
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BMI
(kg/m2)
category

TV viewing
(hr/day) [%]

Hazard ratio of incident
diabetes (95% CI) /
[change in risk (%)]

p–value
for linear
trend

Model adjustments for
confounding variables

All BMI
groups

0-<1 [9]

1.0

<0.0001

1-2 [37.3]

1.43 (1.19-1.71) [43]

3-4 [37.1]

1.53 (1.28-1.83) [53]

≥5 [16.6]

1.86 (1.54-2.24) [86]

Multivariate with age,
study time, cigarette
smoking, family history
of diabetes, alcohol consumption, years of education, family income,
marital status, energy intake, coffee consumption, vigorous activity,
and walking

0-<1

1.0

0.01

1-2

1.64 (0.84-3.19) [64]nsd

Same as for all BMI
groups

3-4

1.71 (0.87-3.34) [71]nsd

≥5

2.49 (1.24-5.02) [149]

0-<1

1.0

ns

1-2

1.42 (1.01-2.00) [42]

Same as for all BMI
groups

3-4

1.41 (1.00-1.98) [41]nsd

≥5

1.57 (1.09-2.25) [57]

0-<1

1.0

ns

1-2

1.08 (0.78-1.49) [08]nsd

Same as for all BMI
groups

3-4

1.10 (0.80-1.52) [10]nsd

≥5

1.29 (0.92-1.81) [29]nsd

0-<1

1.0

0.01

1-2

1.37 (1.00-1.89) [37]nsd

Same as for all BMI
groups

3-4

1.35 (0.99-1.86) [35]nsd

≥5

1.59 (1.15-2.19) [59]

<25

25-29

30-34

>35

BMI = body mass index, CI = confidence interval, ns = a nonsignificant dose response,
nsd = nonsignificant difference
Data from Krishnan, Rosenberg, and Palmer, 2009.
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EPIC Potsdam Study
The European Prospective Investigation into Cancer and Nutrition (EPIC)–Potsdam
Study (see table 8.6) followed 9,167 men aged 40 to 65 and 14,688 women aged 35 to 65
for an average of 7.8 years, during which 927 self-reported cases of incident diabetes were
verified by contacting the patient’s attending physician (Ford et al. 2010). There were
186,355 person-years of follow-up for this cohort. The adjusted hazard ratio (HR) for
diabetes among those whose daily hours of TV viewing were ≥4 versus <1 was 1.84 when
adjusting for age, sex, educational status, smoking status, alcohol use, and occupational and
other physical activity (based on hr/week spent in walking, gardening, bicycling, and doing
sport). When the model was additionally adjusted for total energy intake and a variety of
dietary variables, including whole-grain bread, fruits and vegetables, and total fat, the HR
was virtually unchanged (1.83). While maintaining these prior adjustments and adding
BMI, the HR declined by 37% to 1.15, becoming a nonsignificant association.

Table 8.6 EPIC Potsdam Study Analysis
TV viewing (hr/
day) [%]

Hazard ratio of incident dia- p–value
Model adjustments for conbetes (95% CI)/ [change in for linear founding variables
risk (%)]
trend

<1 [11.5]

1.00

1-<2 [30.3]

1.23 (0.91-1.65) [23]nsd

2-<3 [34]

1.35 (1.01-1.80) [35]

3-<4 [16.5]

1.86 (1.38-2.52) [86]

≥4 [7.8]

1.84 (1.32-2.57) [84]

<1 [11.5]

1.00

1-<2 [30.3]

1.22 (0.91-1.65) [22]nsd

2-<3 [34]

1.34 (1.00-1.79) [34]nsd

3-<4 [16.5]

1.84 (1.36-2.48) [84]

≥4 [7.8]

1.83 (1.31-2.55) [83]

<1 [11.5]

1.00

1-<2 [30.3]

1.11 (0.82-1.50) [11]nsd

2-<3 [34]

1.12 (0.84-1.51) [12]nsd

3-<4 [16.5]

1.38 (1.01-1.88) [38]

≥4 [7.8]

1.15 (0.81-1.64) [15]nsd

<0.001

Multivariate with age, cigarette smoking, alcohol consumption, educational status, occupational activity,
and physical activity

<0.001

Above multivariate model
plus dietary variables

ns

Above multivariate model
plus dietary variables, SBP,
and BMI
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BMI = body mass index, CI = confidence interval, ns = a nonsignificant dose response,
nsd = nonsignificant difference, SBP = systolic blood pressure. Two models shown in the
table adjusting for dietary variables consider different variables.
Data from Ford et al. 2010.
Taken as a whole, the four prospective studies of sedentary behavior and incident
diabetes were relatively recent findings—published between 2001 (Hu et al. 2001) and
2010 (Ford et al. 2010). Only one study gathered data beginning as far back as 1986 (Hu et
al. 2001). The average years of follow-up from baseline sedentary behavior assessment to
incident diabetes cases ranged from 6 (Hu et al. 2003) to 10 (Krishnan, Rosenberg, and
Palmer 2009), for a total of 853,486 person-years of exposure for the TV viewing results
alone. The four studies contained data from 176,938 men and women, with the latter
contributing almost 73% to the results and two studies based solely on women (Hu et al.
2003; Krishnan, Rosenberg, and Palmer 2009). This is important because the Potsdam study
(Ford et al. 2010) noted that the proportion of women increased significantly for increasing
TV viewing categories; hence, exposure may be higher for women than for men. Although
not addressed in these four prospective studies, several cross-sectional studies suggest that
the effects of TV viewing on glycemic status and insulin resistance may be greater for
women than for men (Dunstan et al. 2004; Dunstan et al. 2005; Dunstan et al. 2007; Healy
et al. 2008). As such, summary conclusions from the four studies might have been different
had they represented equal numbers of men and women. The age in years of study
participants ranged from 21 (Krishnan, Rosenberg, and Palmer 2009) to 75 (Hu et al. 2003),
with mean ages across TV viewing categories 53.1 to 60.8 years for male health
professionals (Hu et al. 2001), 56.1 to 61 years for female nurses (Hu et al. 2003), 38.4 to
37.9 years for black women (Krishnan, Rosenberg, and Palmer 2009), and 46.8 to 54.1
years for German men and women (Ford et al. 2010). The size of RRs or HRs for TV
viewing alone ranged from 1.77 (Hu et al. 2003) to 2.87 (Hu et al. 2001).
We also tabled estimates from models that included BMI or that used BMI as a
stratifying variable. In the specific case of the Black Women’s Health Study (Krishnan,
Rosenberg, and Palmer 2009), we selected adjusted results for the BMI category of 25 to 29
kg/m2 (e.g., 1.57), because this category most reflected the mean BMI for all black women
in the categories of <1 hour per day of TV viewing (26.5 kg/m2) and ≥5 hours per day (29.1
kg/m2). Across all four studies of TV viewing, the percent reductions in effect size after
adjusting for BMI was −19.5% (2.87 versus 2.31) for Hu and colleagues (2001), −33.9%
(1.77 versus 1.17) for Hu and others (2003), −15.6% (1.86 versus 1.57) for Krishnan,
Rosenberg, and Palmer (2009), and −37.2% (1.83 versus 1.15 for Ford et al. 2010)—
roughly a 27% reduction across all four studies. Regardless, effect sizes following BMI
adjustment remained significant only for Hu and others (2001) and Krishnan, Rosenberg,
and Palmer (2009). Hence, BMI may be explaining much of the noted association between
TV viewing and incident diabetes.

Dose Response
Figure 8.1 presents the dose–response data for six sets of study estimates—one for TV
viewing from each of the four studies and two for non-TV sedentary behavior from Hu and
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colleagues (2003). We graphed estimates from models using multivariate adjustment for
age, physical activity, and other available confounders, but included diet-adjusted data only
from Hu and colleagues (2003) and Ford and colleagues (2010). We could not include dietadjusted data from Hu and others (2001) because they simultaneously adjusted for BMI,
which they presumed might be in the causal pathway. The lines generally show increases in
incident diabetes risk for increases in sedentary behavior using asterisks as markers to
reflect point estimates that were significantly (p < 0.05) greater than the referent category
(see gray horizontal line). The referent group was set at 0.14 hours per day (e.g., 1 hr/week
÷ 7 days/week) for Hu and others (2001) and Hu and colleagues (2003) and roughly 0.5
hours per day for Krishnan, Rosenberg, and Palmer (2009) and Ford and colleagues (2010).
To create a single graphing point for all studies with unbounded upper categories, we used
1.5 times the value of the cut-off point demarcating the highest applicable TV viewing
category. For example, for Ford and colleagues (2010), the largest category was ≥4 hours
per day, so we used 6 hours per day. For non-TV sedentary behavior, only about 9 hours per
day was a significant threshold for increased incident diabetes risk. Otherwise, for all four
studies of TV viewing except one (Hu et al. 2001), there was a significantly increased risk
for incident diabetes that most often was found at about 2 or more hours per day. Please
note that this graph is a generous view of all of the associations because the graphed data
were not adjusted for BMI, an important confounding variable that explains much or in
some cases all of the effect (Ford et al. 2010; Hu et al. 2003).

Figure 8.1 Partially-adjusted* dose–response relationship for daily hours spent
in sedentary behavior with incident diabetes risk for six prospective study
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estimates of persons initially free of diabetes, 2001-2010.** TV = Television
viewing, H = Sedentary at home, not TV, W = Sedentary at work or driving.

*Graphed results included adjustment only for age, family history of diabetes, smoking,
alcohol, diet, physical activity, and other available confounders, except the results for Hu
and others (2001), which did not include diet, and for those of Ford and colleagues (2010),
which did not include family history of diabetes. These lines do not include more complete
adjustment for BMI.
**The p-values from tests for linear trends across time categories are < 0.0001 (Krishnan,
2009), < 0.001 (Hu, 2001; Ford, 2010; Hu 2003, TV), = 0.004 (Hu, 2003, H), and = 0.005
(Hu, 2003, W).

Research Limitations
One potential limitation might arise for two studies that used extreme contrasts of TV
viewing categories of ≥40 versus <1 hours per week (Hu et al. 2003; Hu et al. 2001). The
highest category was composed of just 0.7% (Hu et al. 2001) and 2.1% (Hu et al. 2003) of
their samples and the lowest category was composed of only 6.7% and 7.0%, respectively.
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Using these explicit categories of weekly TV viewing might seem more meaningful than
using cut-off points to form quartiles from sample distributions that will vary from study to
study and sample to sample. However, one must wonder if using such small proportions of
sample participants for the highest viewing category (equivalent to weekly hours spent in a
full-time job) might have spuriously inflated effect sizes to unrealistic levels. Another issue
is that these two studies use different time groupings than Krishnan, Rosenberg, and Palmer
(2009) and Ford and colleagues (2010), making it difficult to compare results across
studies. This signals the need for less extreme time groupings and standardization for future
studies.
Another limitation might be how one views evidence of a dose response. One study (Hu
et al. 2003) presented a statistically significant linear dose response driven solely on the
significant increased risk of developing diabetes when comparing hours per week of other
non-TV activities—sitting at home, sitting at work, and driving (≥40 versus <1 hr/week)—
because RRs for the two intermediate categories were at or below the risk for the referent
category. As such, the significant extreme category is really an outlier (see lines for non-TV
data in figure 8.1). For the linear trend to be useful, one should also report the interpolated
relative risk for the extreme category, which would be closer to 1.1.
Confounding may have influenced the association between baseline exposure to
sedentary behavior and incident diabetes. As noted earlier, we selected model estimates of
incident diabetes risk that made adjustment at least for age, physical activity, BMI, and diet.
Adjusting for age is critical in understanding the association between sedentary behavior
and incident diabetes because average age tends to be higher with increases in TV viewing
(Ford et al. 2010; Hu et al. 2001; Hu et al. 2003; Krishnan, Rosenberg, and Palmer 2009)
and the risk of developing diabetes also increases with age (Noble et al. 2011).
Adjusting statistically for physical activity is important because there is competition for
finite amounts of leisure time, particularly between total sedentary time and physical
activity time. Most of the prospective studies usually adjusted for substantive amounts of
moderate- to vigorous-intensity physical activity using questionnaires. Ford and colleagues
(2010) additionally adjusted for occupational activity. Because questionnaire space is
limited, light activities tend not to be measured, yet its adjustment is critical because light
activities are the most likely behaviors by which one would break up time spent in
sedentary behavior. When adjustment for light-intensity activity is not performed, it is not
possible to argue sedentary behavior as a unique risk factor. Unfortunately, such adjustment
will not be easy because Healy and others (2011) found, when using accelerometers, nearperfect inverse collinearity of −0.96 between light-activity participation and sedentary
behavior. The resulting problem is manifested by a quote from Maher and colleagues:
“There is virtually no association between sedentary behaviour and cardio-metabolic
biomarkers once analyses are adjusted for total physical activity. This suggests that
sedentary behaviour may not have health effects independent of physical activity” (2014,
page 1).
The detailed TV viewing results across the four prospective studies revealed that
confounder adjustment for BMI reduced risk estimates by more than 25% on average and
washed it out completely in two instances (Ford et al. 2010; Hu et al. 2003). This implies
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that BMI has a very pronounced effect on the association and raises the question of whether
sedentary behavior produces diabetes through its effect on BMI. If so, adjustment should
not be performed because BMI is part of the causal path. However, increased BMI, which
often leads to subsequent diabetes, may result in sedentary behavior. For example,
Mortensen and colleagues stated, “Our findings suggest that a high BMI is a determinant of
a sedentary lifestyle but do not unambiguously support that sedentary lifestyle has an effect
on later BMI changes” (2006, page 1470), while Pulsford and colleagues concluded that
“Sitting time was not associated with obesity cross-sectionally or prospectively. Prior
obesity was prospectively associated with time spent watching TV per week but not other
types of sitting” (2013, page 132). When BMI acts as an antecedent, sedentary behavior is
in the middle of an association between BMI and diabetes, and a researcher studying the
association between sedentary behavior and diabetes who chooses not to adjust for BMI is
ignoring a legitimate and important confounder. In all, researchers should continue
adjusting for BMI as a confounder in the association between sedentary behavior and
diabetes to achieve a less biased estimate of effect.
As previously noted, dietary factors are important in the association between sedentary
behavior and diabetes, with all but Krishnan, Rosenberg, and Palmer (2009) making some
form of dietary adjustment. This is important because Bowman (2006) showed that the
amount of total calories derived from snacks, a distinct contributor to dietary behavior,
increases with increasing amounts of daily TV viewing. Unfortunately, this is not the same
as studying the snacking that occurs during the act of TV viewing, which has been studied
in children (Robinson 1999). This more precise behavioral interrelationship is critical
because Ford and Caspersen noted that “disentangling the possible effects of sedentary
behaviour from those of unhealthy dietary and snacking behaviour remains a critical
challenge before reaching firm conclusions or stipulating guidelines for costly
interventions” (2012, page 1347).
A few other limitations are worth noting. One is that there are many different measures of
sedentary behavior whose reliability and validity are often uncertain (Clark et al. 2009),
which may lead to misclassification (Ford and Caspersen 2012). Another is generalizability.
Results of the four prospective studies of incident diabetes relied on women, who
constituted almost 75% of the data, and may not apply well to men. Importantly, Krishnan,
Rosenberg, and Palmer (2009) derived their sample from subscribers to a popular magazine
for black women, members of several professional organizations, and friends and relatives
of early questionnaire respondents. Finally, Hu and others (2001) and Hu and colleagues
(2003) have samples that do not reflect adults who are not college educated, while Ford and
colleagues (2010) examined German residents. In all, because these four studies did not
sample many men or older or younger adults, their results do not reflect most U.S. adults in
general.
Also, each prospective study excluded self-reported diabetes at baseline before
ascertaining future incident diabetes. Hence, participants with undiagnosed diabetes were
not fully and accurately identified, and they may have been more likely to become a
detected incident case during follow-up when disease severity or symptoms evolved. To
reduce such bias, only Hu and others (2001) excluded participants during the first 2 years of
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monitoring, but only for their physical activity analyses. At present, none of the four
detailed studies of sedentary behavior performed this maneuver. To avert this critical bias,
Rockette-Wagner and colleagues (2015) recently excluded preexisting diabetes among
adults at high risk of developing diabetes by using blood tests at baseline. They did not use
multiple TV viewing categories like the other four prospective studies, but did find a
significant 3.4% increased incident diabetes risk per each hour of daily TV viewing. Even
using the very extreme category of 5.7 hours per day to equate to 40 hours per week of TV
viewing of Hu and others (2001) and Hu and colleagues (2003), incident diabetes risk
would increase by only 19% (corresponding to a hazard ratio of about 1.19) without
adjustment for weight (whose adjustment rendered the association nonsignificant).
Importantly, this less biased estimate is closer to meta-analytic results of HRs for five
measures for all-cause mortality, cardiovascular disease, and cancer, which ranged between
1.1 and 1.2 when comparing extreme contrasts of highest to lowest sedentary time (Biswas
et al. 2015). Hence, all sedentary behavior effects are very small.

Six Criteria for Assessing if a Causal Inference
Exists for Sedentary Behavior and Diabetes
In viewing the existing epidemiologic evidence from prospective studies of the
association between sedentary behavior and incident diabetes, it might be informative to
place it within the context of criteria devised to help reach a causal inference in the absence
of a randomized controlled clinical trial. Such criteria were used in the 1960s to assess a
broad set of evidence to establish a causal relationship between cigarette smoking and lung
cancer (Hill 1965; U.S. Public Health Service 1964). Caspersen (1989) compared the use of
six criteria (in italics in the following paragraphs) for an assessment of 43 observational
studies examining the association between physical activity and incident coronary heart
disease (CHD) end points (Powell et al. 1987) and contrasted the results for cigarette
smoking and lung cancer studies. Here we compare the former evaluation with that for
sedentary behavior and incident diabetes.
For CHD prospective studies, the results were (1) consistent in that more than two-thirds
of the 43 studies reported statistically significant associations between physical activity and
CHD (Powell et al. 1987). Each of the four prospective studies of incident diabetes showed
a significant association with sedentary behavior, being 100% consistent, albeit from a very
small body of evidence having limited generalizability (see previous).
For CHD studies, the (2) strength of the association was reasonably strong, having a
median RR of 1.9 for the reviewed studies. For the four diabetes studies, the size of RRs or
HRs for TV viewing alone ranged from 1.77 (Hu et al. 2003) to 2.87 (Hu et al. 2001).
However, after ruling out the critical bias of undetected preexisting diabetes before followup, Rockette-Wagner and colleagues (2015) found an increased incident diabetes risk HR
equivalent to about 1.19 even though they did not use multiple TV viewing categories.
Also, two of the studies of incident diabetes had RRs arising from TV viewing that may
actually be overstated because of extreme TV viewing categories having contributions of
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only 0.7% and 2% of their entire study samples (Hu et al. 2001; Hu et al. 2003). As such, it
is difficult to argue public health effects from the tails of a distribution. In light of the
unbiased results of Rockette-Wagner and colleagues (2015), all other studies reflect
spuriously inflated relative risks and hazard ratios that are both inaccurate and unrealistic.
More than three-quarters of the 43 CHD studies demonstrated (3) an appropriate
temporal sequence (e.g., the assessment of exposure predated the outcome), while all four
detailed diabetes studies met this criterion.
Regarding (4) dose–response effects, more than two-thirds of CHD studies with relevant
data met this criterion, and all four diabetes studies detailing TV viewing met this criterion,
but not as much so for other types of sedentary behavior that nurses reported doing (Hu et
al. 2003).
Numerous scientific studies supported a (5) plausible and coherent set of physiologic
mechanisms whereby increased physical activity might have a favorable effect on CHD
(Powell et al. 1987), while physiological mechanisms existed to support potential
unfavorable diabetes outcomes associated with sedentary behavior. For example, although
extreme, 5 days of prolonged bed rest in humans results in insulin resistance, as evidenced
by an almost two-thirds increase in insulin response to a glucose load (Hamburg et al.
2007), and skeletal muscle, the primary insulin-sensitive tissue, accounts for almost 80% of
glucose uptake under euglycemic hyperinsulinemic conditions (de Fronzo et al. 2009).
Otherwise, the simple act of standing rather than maintaining a sedentary posture may
generate sufficient caloric expenditure to resist fat gain in humans (Levine et al. 1999),
which places a sedentary person at greater risk of developing diabetes due to increased
BMI. Also, a recent experiment found that breaking up 5 hours of prolonged sitting with 2minute breaks of light- or moderate-intensity activity every 20 minutes can reduce
postprandial glucose and increase insulin response following ingestion of a 200 ml test
drink containing 75 g of glucose (Dunstan et al. 2012). Although compelling, this latter
finding more aptly reflects a physical activity mechanism and not a mechanism for
sedentary behavior, per se.
Regarding (6) experimental evidence, no randomized controlled trials existed that
assigned people to physical activity and control groups and then examined CHD events.
Conducting such a trial was deemed infeasible by Taylor, Buskirk, and Remington (1973).
A similar absence exists for incident diabetes end points. Also, the CHD studies that used
better quality measures and study designs more often reported a statistically significant
inverse association (Powell et al. 1987). A quality assessment is nonexistent for the limited
studies of incident diabetes. This may be important because Caspersen (1989) noted that, in
making causal inferences, it may be best to focus most on study results deemed to be of
highest quality.
In comparing the ability to reach a causal inference for physical activity and CHD versus
sedentary behavior and incident diabetes, the evidence for the latter is not as compelling.
This is due in part to a more limited number of studies, generalizability issues, uncertainty
regarding complete adjustment for legitimate confounders (especially BMI), not having
ruled out undetected diabetes as an extremely critical bias, and not having unique
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physiological mechanisms for sedentary behavior fully independent from mechanisms that
also pertain to physical activity.
\qqBegin special element\

Research Recommendations
Research must better define dose–response relationships between sedentary behavior and
physiologic mechanisms, especially for varying frequency, length, and total time spent in
breaks intended to disrupt prolonged periods of sedentary behavior. It will be particularly
important to examine varying combinations of sedentary behavior from multiple domains of
time use (e.g., leisure, occupational, domestic, and occupation) and to establish their
relative contribution to total sedentary behavior as an overall exposure measure. Such
research is critical given the limited, extremely biased, and relatively recent data that exist
today.
Also, although the use of physical activity bouts may be useful in offsetting the negative
effects of prolonged sitting (Dunstan et al. 2012), one must temper enthusiasm for these
encouraging findings because the bouts are still physical activity—a behavior that arises
from “any bodily movement produced by skeletal muscles that results in energy
expenditure” (Caspersen et al. 1985, page 126). Hence, one might view the bouts as simply
making use of available energy substrate, which is especially plentiful in the postprandial
state, as examined by the researchers (Dunstan et al. 2012).
Future epidemiologic research must clarify the dose response of sedentary behavior and
incident diabetes along with disease outcomes among people with diabetes, explore all
potential confounding and mediating variables that influence the association, and expand
the research to more groups that vary by race/ethnicity, age, and socioeconomic
characteristics that may have different types and patterns of sedentary behavior. For
example, although one study sampled relatively young black women (Krishnan, Rosenberg,
and Palmer 2009), the generalizability of that study sample is suspect. Also, at present, no
prospective study has adjusted for specific confounding from physical activity of any
intensity occurring in the same day during which large amounts of sedentary behavior also
occur. Because recommendations allow for less regular patterns of behavior to reach 2.5
hours of weekly activity participation (U.S. Department of Health and Human Services,
2008), this distinction is an important research consideration that could address concerns of
collinearity and independence (Maher et al. 2015).
Because it is likely that declines in physical activity are associated with increased
incident diabetes risk and because this also may lead to the transition of increasing amounts
of sedentary behavior (which is also associated with increased risk), future research should
seek to separate the two events and establish the relative importance of each phenomenon.
In an experiment interrupting 5 hours of prolonged sitting with 2-minute activity breaks
every 20 minutes to reduce postprandial glucose, Dunstan and colleagues (2012) used a
sample of 19 men and women aged 45 to 65 (mean age 53.8 years) with an average BMI of
31.2 kg/m2. Future studies should consider contrasting sex-specific groups of younger and
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older adults belonging to different BMI groups (e.g., normal weight, overweight, and obese)
because it is likely that activity breaks intended to be performed at absolute intensities
above resting metabolic rate (RMR) will produce greater benefits among those for whom
RMR levels are lowest (e.g., those of higher age, higher BMI, and of female gender)
(McMurray et al. 2014).
\qqEnd special element\

Summary
Being in the group that has the least amount of physical activity and the most sedentary
behavior may increase risk for incident diabetes. In the absence of randomized controlled
trials, the best evidence exists in the form of prospective epidemiological studies of incident
diabetes. Unfortunately, these relatively recent data and other evidence are not plentiful
enough to reach a causal inference, especially when the critical bias remains from not ruling
out preexisting diabetes.
One might logically conclude that breaks in periods of sedentary behavior of moderateand even light-intensity physical activity may be a potent intervention (Dunstan et al. 2012).
However, establishing the association of such an intervention on reduced incident diabetes
outcomes should also be a clear goal. Some might regard this as an unnecessary effort to
prove a principle, yet such evidence is important in providing policymakers with more
complete information that is relevant for the allocation of limited resources. Some
intervention efforts are underway to combat sedentary behavior in places like worksites, yet
they may not be able to reduce incident diabetes outcomes alone. Hence, efficacy data are
needed, as well as studies for establishing the relative cost-effectiveness of intervention
efforts for reducing incident diabetes. This and many other gaps in knowledge should be
filled with future research findings to more fully understand the association between
sedentary behavior and incident diabetes.
\qqBegin special element\

Key Concepts
• Bias: A factor that may influence the observation under investigation. For example, if
undiagnosed diabetes is more common among those who have the most sedentary
behavior, then a spuriously greater association will be found between sedentary behavior
and incident diabetes. To help control for this specific bias, one might exclude cases
found in the first several years of observation by assuming that those with undetected
diabetes will manifest the disease early.
• Confounding variable: A factor that may influence the association between exposure to
sedentary behavior and incident diabetes. For example, diabetes increases with age,
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while the average age tends to be higher among adults engaged in greater amounts of
sedentary behavior, such as TV viewing. One must therefore control for the confounding
effect of age when studying the association between sedentary behavior and incident
diabetes.
Criteria for drawing a causal inference: In the absence of definitive proof, six criteria
are helpful in trying to infer a causal association: (1) consistent associations, (2) strength
of the association, (3) appropriate temporal sequence with assessment of exposure
predating the outcome, (4) dose–response effects, (5) plausible and coherent set of
physiologic mechanisms, and (6) experimental evidence.
Diabetes mellitus: A condition characterized by high amounts of blood glucose arising
from defects in insulin production, insulin action, or both that occurs when there is
limited production of or reduced capacity to use insulin (a hormone that facilitates the
transfer of glucose into cells to be converted to energy).
Generalizability of population sample: A sample should represent (or generalize to)
the population from which it is drawn. Associations found in samples having limited
generalizability tend to pertain only to people having similar characteristics of that
group, and not to the population at large.
Hazard ratio: A measure of how often an event occurs in one group compared to how
often it occurs in another contrasting group over time. Within the context of a
prospective cohort study conducted for a set period of time, survival analysis compares
the hazard ratios of the instantaneous risk of the occurrence of an event (e.g., the hazard),
for this example, incident diabetes. The hazard rates are compared for contrasting
groups, creating a hazard ratio. A hazard ratio of 1 means that there is no difference in
the likelihood of surviving the occurrence of incident diabetes between the two
contrasting groups. A hazard ratio of greater than 1 would mean that there is less
likelihood of surviving until the occurrence of incident diabetes, say, in the group with
TV viewing of 6 or more hours per day made relative to the likelihood of surviving the
occurrence of incident diabetes in the group having TV viewing, for example, less than 1
hour per day.
Prospective observational cohort study: This type of epidemiologic study assesses
exposure to a sedentary lifestyle among participants without preexisting diabetes and
then follows them over time to ascertain incident cases of diabetes. This type of study is
better than a cross-sectional study for drawing inferences of a causal association between
sedentary behavior and diabetes and is especially important when experiments are not
available to assess causality.
Relative risk: A measure of the risk of an event occurring in one group compared to the
risk of the same event occurring in a contrasting group. Within the context of a
prospective cohort study conducted for a set period of time, the event may be the
development of incident diabetes. The cumulative risk of incident diabetes in that period
can be contrasted between, for example, a group with TV viewing of 6 or more hours per
day made relative to TV viewing for, say, less than 1 hour per day. When the relative risk
is 1, the risk of developing incident diabetes is the same irrespective of the amount of
exposure to TV viewing. A relative risk greater than 1 means that the risk of developing
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incident diabetes is higher in the group, in this example, with the greater amount of TV
viewing.
• Sedentary behavior: The Sedentary Behaviour Research Network (2012) defines this as
any behavior during waking hours that is characterized by energy expenditure greater
than or equal to 1.5 METs while in a sitting or reclining posture; the term inactive should
thus be used to describe those who are performing insufficient amounts of MVPA
(moderate- to vigorous-intensity physical activity) (i.e., not meeting specified physical
activity guidelines). TV viewing is considered to be a component of this broader
definition of sedentary behavior.

Study Questions
1. What was the percent of the U.S. population estimated to have diabetes in 2014?
2. In 2014, how many estimated cases of newly diagnosed diabetes occurred among
American adults aged 20 years and older?
3. Name three risk factors for the development of diabetes.
4. How many of the four prospective studies of incident diabetes used measures of
sedentary behavior congruent with the definition recommended by the Sedentary
Behaviour Research Network in 2012?
5. Name one confounding variable and one biasing factor that influences the
independent association between sedentary behavior and incident diabetes.
6. What study suggests that increases in BMI might lead to increases in sedentary
behavior, and how would that affect the interpretation of BMI as part of a causal
pathway between sedentary behavior and incident diabetes?
7. How many of the four detailed prospective studies of sedentary behavior and incident
diabetes adjusted for light-intensity as well as moderate- to vigorous-intensity
physical activity? Why is it important to adjust for light-intensity physical activity to
understand the independent association between sedentary behavior and incident
diabetes?
8. How does the percentage of women, and the overall composition of the study
samples, affect the generalizability of results of the four prospective studies?
9. At how many hours per day of TV viewing did most of the four prospective studies
show a significantly increased risk for the development of incident diabetes? About
how many hours do you spend watching TV each day?
10. When applying the criteria for drawing a causal inference to existing scientific
evidence, can one make a causal inference between sedentary behavior and incident
diabetes?
\qqEnd special element\
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Chapter 9
Sedentary Behavior and
Cardiovascular Disease
Edward Archer, PhD; Enrique G. Artero, PhD; and Steven N. Blair, PED
\qqBegin special element\
The reader will gain an understanding of the relationships between sedentary behavior
and cardiovascular diseases. By the end of this chapter, the reader should be able to do the
following:
•
•
•
•
•
•
•
•
•
•

Define the various cardiovascular diseases (CVD)
Describe the role that CVD plays in global disability and mortality
Understand and identify the underlying pathologies of CVD
List the risk factors for atherosclerosis
Explain why the prevention of CVD must begin in childhood
List the sequence of events that are antecedent to myocardial and cerebral infarctions
Discuss the history of the associations of sedentary behavior and inactivity with health
Articulate the mechanisms by which sedentary behavior contributes to CVD
Differentiate the effects of excessive sedentary behavior and low physical activity (PA)
Explain the mechanisms by which PA, exercise, and cardiorespiratory fitness (CRF) may
partially ameliorate the effects of excessive sedentary behavior
• Describe the major correlates of sedentary behavior
• Discuss in detail the epidemiologic research examining sedentary behavior
\qqEnd special element\
Cardiovascular diseases (CVD) remain the leading cause of death in the United States
and throughout the world. Recent data suggest that more than 2,100 Americans die of CVD
each day, an average of more than one death per minute (Go et al. 2013; Roger et al. 2012).
Globally, CVD accounts for more than 10% of the total disease burden and approximately
30% of all deaths. Of the more than 17 million CVD deaths that occurred in 2008, over 3
million were early mortality, (i.e., people < 60 years of age). Although the total number of
deaths attributable to CVD are expected to pass 24 million by 2030 (Mendis, Puska, and
Norrving 2011), a large portion of overall CVD mortality and the majority of early CVD
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deaths are preventable because many of the primary risk factors are modifiable through
lifestyle choices such as increases in physical activity (PA) and decreases in sedentary
behavior. As such, efficacious and cost-effective public health initiatives that result in more
optimal lifestyles that include adequate levels of PA and decreases in sedentary behavior
may lead to major reductions in CVD mortality.

Cardiovascular Diseases
The term CVD subsumes a number of pathological conditions of the heart and blood
vessels (see table 9.1). The categorization of the specific diseases is complex because many
of the underlying disease processes (e.g., arteriosclerosis, thrombosis) are multidimensional
and interdependent. Nevertheless, >75% of all CVD mortality is attributable to coronary
artery disease (CAD) and cerebrovascular disease culminating in myocardial or cerebral
infarctions (i.e., heart attack or stroke, respectively) (Mendis, Puska, and Norrving 2011).

Major nonmodifiable risk factors for CVD:
• Age: There is an increased risk with advancing age.
• Sex: Men have an increased risk for early CVD death compared to women.
• Familial history: People with family members who suffer from CVD have a significantly
increased risk.

Modifiable risk factors for CVD:
•
•
•
•
•
•
•

Smoking
Physical inactivity or low CRF
Hypertension (i.e., high blood pressure)
Dyslipidemia (e.g., high LDL cholesterol, low HDL cholesterol, high triglycerides)
Excessive alcohol consumption
Obesity
Diabetes (elevated blood sugar)

Table 9.1 Cardiovascular Diseases and Mortality
<tsp>Percent of all CVD mortality
CVD

Men

Women

Ischemic heart disease or coronary artery disease
(CAD)

46%

38%
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Cerebrovascular disease

34%

37%

Hypertensive heart diseases

6%

7%

Inflammatory heart diseases (endocarditis, myocarditis, pericarditis)

2%

2%

Congenital heart disease

2%

2%

Rheumatic heart disease

1%

1%

Other cardiomyopathies & arrhythmias

<1%

<1%

Other cardiovascular diseases

11%

14%

Data from Mendis, Puska, and Norrving 2011.
With the exception of smoking and alcohol consumption, PA significantly affects each of
the other modifiable risk factors (Archer and Blair 2011), and there is strong evidence that
increased levels of PA that lead to improvements in physical fitness significantly ameliorate
the effects of smoking and excessive alcohol consumption (Blair et al. 1995).
The prevalence of CVD varies by sex, ethnicity/race, and age. In the United States, the
highest prevalence of CVD is among non-Hispanic blacks (45% of men and 47% of
women) followed by non-Hispanic whites (37% of men and 34% of women) and MexicanAmericans (33% of men and 31% of women) (Roger et al. 2012). In 2009, the overall rate
of death attributable to CVD in the United States was 236 per 100,000 people. Mortality
rates also varied by sex and ethnicity/race and were 281 and 387 per 100,000 for white and
black men, respectively, and a significantly lower 190 and 268 per 100,000 for white and
black women, respectively. Although the relative rate of death attributable to CVD declined
by ~33% from 1999 to 2009, it still accounted for ~32% of all deaths (787,931 of 2,437,163
deaths), or 1 out of every 3 deaths in the United States. More than 153,000 Americans
suffered early CVD mortality (i.e., under the age of 65) and ~34% of all deaths attributable
to CVD occurred before 75 years of age; these occurrences are well below the average life
expectancy of 78.5 years (Roger et al. 2012).
Although each of the risk factors plays a role in the development of CVD, the primary
underlying pathophysiological factor that results in the greatest mortality (i.e., heart attacks
and strokes) is atherosclerosis. In the next section, we describe the conditions under which
the major risk factors predispose people to atherosclerotic processes, the development of
CVD, and early morbidity and mortality.

Atherosclerosis
Atherosclerosis is a progressive disease and the underlying pathology of more than 80%
of all CVD deaths in developed societies (Mendis, Puska, and Norrving 2011; Lusis 2000).
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It is characterized by the inflammation-driven accumulation of lipids, cholesterol, and
cellular detritus within the tunica intima (i.e., lining) of the major arteries. This buildup
leads to both acute and chronic luminal obstruction, reducing blood flow to major organs
such as the heart and brain. These pathological processes are progressive and symptomless,
and begin in early childhood (Kones 2011; Ayer and Steinbeck 2010; Truong, Maahs, and
Daniels 2012; Strong et al. 1999). Research suggests that intimal lesions may occur in more
than 50% of people aged 15 to 19 years, and the prevalence and extent of these lesions
increase with age. These results suggest that the pathophysiological processes that clinically
manifest as CVD in later life are driven by lifestyle and behavioral choices of childhood
(Strong et al. 1999).
Atherosclerotic processes are a pathological response to an injury of the endothelial cells
of the vasculature (Lusis 2000). A layer of endothelial cells forms the intima of the major
arteries and acts as a semiselective barrier between the vessel lumen and other vascular
tissue such as the lamina, media, and adventitia. The endothelium, in concert with other
vascular tissues (e.g., smooth muscle), control vasodilation and vasoconstriction as well as
the movement of fluids and immune system components into and out of the bloodstream
(Deanfield et al. 2005). The health and function of the endothelium have numerous
determinants, but the predominant factor is the fluid shear stress produced by the flow of
blood in the arteries. Increases in the volume and velocity of the flow of blood during
activity (e.g., exercise) increase the shear stress on the intima and improve endothelial
function in much the same way that stress of resistance training improves skeletal muscular
function (Nikolaidis et al. 2012). Improvements in endothelial function decrease the risk of
pathologies such as diminished vasodilation or the development of intimal lesions (i.e.,
injuries) that are the antecedent of atherosclerosis. Endothelial dysfunction (i.e., the loss of
healthy endothelial function) is predictive of future CVD (Martin and Anderson 2009).
Atherosclerotic processes begin with an injury to the intima and are most often the result
of oxidative stress from smoking (Burke and FitzGerald 2003) or the glycoxidation and
glycation of nutritive molecules (e.g., fatty acids, amino acids, glucose) (Halliwell 2000;
Piarulli, Sartore, and Lapolla 2012; Coccheri 2007). Once an injury (lesion) to the intima
occurs, numerous molecules (e.g., fatty acids, LDL-C molecules) and immune system
components such as macrophages and T-lymphocytes migrate to the site. The immune
system response and consequent inflammation associated with the injury, combined with
the deposition of lipids and cellular debris, lead to increasing oxidative stress through
reactive oxygen species. These progressive pathological processes stimulate gene
expression, cellular proliferation, and programmed cell death. The incorporation of
connective tissue into the lesion results in the development of an atheroma (i.e., vascular
plaque). Plaques cause the intima to become irregular (thereby disturbing the flow of
blood), decrease associated shear stresses, and predispose the artery to the loss of
endothelial function. As plaques increase in size, they reduce the size of the lumen, making
it more difficult for blood to travel through the artery. This leads to ischemia (i.e., reduced
blood flow); if this occurs in the heart, it may result in angina (i.e., ischemia-induced chest
pain).
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Over time, atheromas become calcified and the associated vascular smooth muscle
proliferates, leading to the hardening of the affected arteries. As the plaque increases in
size, it undergoes remodeling and qualitative changes (e.g., increased rigidity) that
culminate in the formation of a necrotic core that is characteristic of an advanced, unstable
atheroma (Rosenfeld 1998). These alterations decrease the stability (i.e., structural
integrity) of the plaque, predisposing a rupture. When the plaque is deformed or
overstressed from the increased cardiac output necessitated by physical exertion, it will
rupture and expose the systemic vasculature and blood to lipid-rich thrombogenic (clotproducing) material. The rupture and resulting emboli may precipitate thromboses (i.e.,
clots) anywhere in the systemic vasculature as the cellular debris from the rupture travels
throughout the body. Occlusions from thromboemboli may significantly decrease or
completely obstruct blood flow to the related tissues; if they occur in the heart or brain, they
will result in a myocardial infarction (MI) or stroke, respectively (Strong et al. 1999).
Although most ruptures occur only in advanced, unstable atheromas, an individual may
develop a rupture in an atheromatous plaque at any stage of the continuum from lesion
formation to advanced, unstable atheromas (Libby 2000). The reason why age is one of the
greatest predictors of CVD is because the lifestyle-related development of advanced
atheromas takes many years.
Epidemiological studies over the past five decades have demonstrated that numerous
interdependent factors determine a person’s propensity for the progression of
atherosclerotic processes and the development of CVD once an injury has occurred (see
table 9.2). The effects of any combination of these risk factors are multiplicative and not
simply accumulative. For example, the effects of inactivity or hypertension on the
progression of atherosclerotic processes and CVD are significantly amplified when
dyslipidemia (e.g., high LDL cholesterol) is also present (Lusis, Weinreb, and Drake 1998).

Table 9.2. Factors Associated With Atherosclerosis and Cardiovascular
Diseases
Evidence
Factors with a strong
genetic/inherited component
Family history of CVD A very significant risk factor, independent of other known risk
factors (Goldbourt and Neufeld 1986)
Hypertension (elevated Strong epidemiological evidence exists. Clinical trials have demblood pressure)
onstrated benefits of reductions in hypertension, with consistently
strong effects on stroke (Assmann et al. 1999).
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Dyslipidemia (elevated Strong epidemiological evidence and supported by studies of gelevels of triglycerides netic diseases and animal models (Di Angelantonio et al. 2012;
or LDL/VLDL choles- Assmann and Gotto 2004)
terol with reduced levels of HDL cholesterol)
Elevated levels of lipo- Mixed epidemiological and animal model research evidence
protein
(Nordestgaard et al. 2010)
Elevated levels of homocysteine

Some epidemiological evidence exists. Animal models suggest
that homocystinuria results in occlusive vascular disease (Lewington, Bragg, and Clarke 2012).

Sex

Below 60 years of age, men develop CVD at approximately twice
the rate of women (Vassalle et al. 2012).

Systemic inflammation Elevated levels of inflammatory molecules (e.g., C-reactive proand hemostatic factors tein) are associated with CVD (Tabas and Glass 2013).
Environmental factors

Evidence

Smoking or tobacco
use

Very strong epidemiological evidence exists. Clinical trials have
demonstrated the benefit of smoking cessation (Gupta and Deedwania 2011).

Low cardiorespiratory
fitness, inactivity, or
high sedentary behavior

Very strong epidemiological and clinical evidence exist (Lavie et
al. 2013; Wei et al. 1999). Significant independent associations
with CVD present after correcting for other risk factors (Archer
and Blair 2011; Beaglehole et al. 2011; Blair, Cheng, and Holder
2001). Primary prevention necessitates increased activity (Gupta
and Deedwania 2011).

High-fat diet

Some epidemiological evidence exists (Siri-Tarino et al. 2010).
Activity moderates the relationship between diet and CVD (Blair
et al. 1996a; Vuori 2001). The absence of exercise wheels is necessary for development of advanced atherosclerosis in wild-type
experimental animal models.

Diabetes, metabolic
Strong epidemiological and clinical evidence exist and in studies
syndrome, and obesity with animal models (Nikolopoulou and Kadoglou 2012). Activity
moderates the relationship between metabolic diseases and CVD
(Blair, Cheng, and Holder 2001; Earnest et al. 2013; LaMonte et
al. 2005; Wei et al. 1999). This cluster of metabolic disturbances,
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with insulin resistance as a prominent feature, is strongly associated with CAD (Nikolopoulou and Kadoglou 2012).
Low antioxidant levels Evidence is suggestive but not conclusive (Xu et al. 2014).

Coronary Artery Disease
Coronary artery disease (CAD), also known as coronary artery atherosclerosis and
ischemic heart disease, is the leading cause of death as well as sudden death for men and
women worldwide. Approximately 14 million Americans have CAD, and it has been the
number one cause of death since the 1920s, causing >20% of all deaths each year. In 2009,
386,324 Americans died of CAD. The incidence, prevalence, and manifestations of CAD
vary significantly with age, sex, and race. Age is the strongest risk factor for the
development of CAD, and ~82% of people who die of CAD are 65 years or older.
Approximately 8.5% of all white men, 7.9% of black men, and 6.3% of Mexican-American
men have CAD, while 5.8%, 7.6%, and 5.3% of white, black, and Mexican-American
women, respectively, have CAD (Roger et al. 2012). Under the age of 60, men are twice as
likely to have CAD as women. People of African and Asian Indian descent have higher
CAD morbidity and mortality, even after corrections for education and socioeconomic
status. The risk factors experienced by those of African descent differ from that of people of
European descent, with the prevalence of hypertension, obesity, metabolic diseases, and
physical inactivity being much higher in those of African descent (Roger et al. 2012).
CAD is caused by atherosclerotic processes and thromboemboli that reduce and occlude
the blood vessels supplying the myocardium (i.e., heart muscle). The resulting ischemia (a
lack of oxygen from reduced or inhibited blood flow) may initially lead to chest pain
(angina), but is often symptomless. In situations in which myocardial oxygen consumption
is dramatically increased, such as intense physical exertion (e.g., shoveling heavy snow,
intense sexual activity, or emotional distress), the obstruction may lead to a myocardial
infarction (heart attack), a condition in which a portion of the myocardium dies. If the
victim survives, the affected myocardium is replaced with collagen, an inelastic scar tissue
that may significantly reduce cardiac output. If the MI was severe, the resulting injury will
limit the heart’s ability to efficiently pump blood and support physical functioning, such as
the ability to carry out the activities of daily living.

Myocardial Infarction
A myocardial infarction (MI), commonly known as a heart attack, is the result of an
occlusion in the coronary arteries that limits the flow of blood to the heart. If deprived of
oxygen for an extended period, the myocardial tissue dies. This process is irreversible, and
cardiac output is permanently affected. Annually, >1.5 million Americans have an MI;
approximately 500,000 will die as a result. In 2009, 785,000 Americans were estimated to
have suffered a first MI and about 470,000 Americans were estimated to have had a
recurrent event (Roger et al. 2012; Heron et al. 2009). Additionally, it is estimated that more
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than 150,000 silent heart attacks occur each year, and an American will have an MI roughly
every 30 to 40 seconds. Globally, MI results in more than 7.3 million deaths annually
(Mendis, Puska, and Norrving 2011).

Stroke
Cerebrovascular disease and stroke occur when the major arteries that supply the brain
are affected by plaques that reduce blood flow. If an arterial plaque ruptures anywhere in
the systemic vasculature, the resulting emboli may travel to the cerebral arterial system and
cause an occlusion. The loss of oxygenated blood to the brain causes the death of neurons
and supporting microglia; the result is a stroke and an associated loss of brain function. Of
the 17.3 million CVD deaths in 2008 worldwide, 6.2 million were from strokes (Mendis,
Puska, and Norrving 2011). From 1999 to 2009, the relative rate of stroke mortality fell by
37% and the actual stroke mortality declined by 23%. Yet annually ~800,000 people
experience an initial or recurrent stroke. In 2009, stroke was the cause of 1 of every 19
deaths in the United States, and a stroke-related death occurs every 4 minutes. As with other
forms of CVD, the occurrence of stroke varies by age, sex, and ethnicity/race. NonHispanic blacks suffer the highest rates of stroke mortality (62 and 53 per 100,000 for men
and women, respectively), followed by whites (39 per 100,000 for both men and women),
and Hispanics (33 and 29 per 100,000 for men and women). Each year, ~55,000 more
women have a stroke than men. This is primarily due to the fact that a greater percentage of
women reach the oldest age groups, which have the highest rates of stroke. The 2009
overall death rate for stroke was 39 per 100,000, and 37, 50, 30, and 28 per 100,000 for
white, black, Asian, and Hispanic women respectively. In addition to the burden of stroke
mortality, the global financial burden from stroke-induced disability is substantial and
increasing as health care costs increase (Norrving and Kissela 2013).

Hypertension
Hypertension, also known as high blood pressure, is a highly prevalent and significant
risk factor for most forms of CVD. Globally, hypertension is responsible for more than 9
million deaths (~17% of all deaths). It is defined by a systolic pressure of ≥140 millimeters
of mercury (mmHg), a diastolic pressure ≥ 90 mmHg, the use of antihypertensive
pharmaceuticals, and physician diagnosis. Based on recent data, well over 70 million
Americans (33% of all U.S. adults ≥ 20 years of age) have hypertension, and the prevalence
is nearly equal between men and women. Recent public health surveillance efforts suggest
that the prevalence of hypertension is increasing and that rates of control of blood pressure
among those diagnosed remain low. Among women age 20 and older, 31% of non-Hispanic
whites, 47% of non-Hispanic blacks, and 29% of Mexican Americans are hypertensive. In
2009, more than 34,000 women died from hypertension, which represented 55% of all
hypertension-related deaths. The overall 2009 death rate from hypertension was
>18/100,000, with >14/100,000 for white women and >38/100,000 for black women (Roger
et al. 2012).
The risk for fatal and non-fatal CVD, especially CAD and cerebrovascular disease (i.e.,
stroke), increases progressively with higher levels of systolic or diastolic blood pressure. At
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any level of elevated blood pressure, the relative risks of CVD when other risk factors are
present are increased substantially. In addition to CVD, hypertension also affects renal
disease and all-cause mortality in a progressive manner.
\qqBegin special element\

Historical Perspective on Sedentary Behavior and CVD
Many of the earliest forms of deliberate exercise were specifically developed to offset the
sedentary behavior of people who were able to avoid the physical toils of the common man
(i.e., wealthy elite, monks, and holy men). As human societies evolved, the emergence of a
leisure class supported by slave and peasant economies gave rise to the earliest instances of
inactivity, excessive sedentary behavior, and hypokinetically induced diseases such as
CVD. Many of the earliest physicians were not concerned with the conditions and diseases
of the poor, but rather the preservation of health and longevity in wealthy clients. Sushruta,
the famous Indian surgeon and father of Ayurvedic medicine, practiced around 600 BCE.
His keen sense of observation led to the discovery that his most sedentary clients suffered
from a number of classic hypokinetic diseases (Guthrie 1956). Sushruta chronicled his
observations in the ancient text The Sushruta Samhita, cataloguing numerous diseases that
are familiar to physicians today, such as stable angina (i.e., hritshoola or heart pain),
madhumeha or “honey-like urine” (i.e., diabetes), vataraka (i.e., hypertension), and
medoroga (i.e., obesity) (Dwivedi and Dwivedi 2007). For these conditions, he prescribed
daily exercise. His experience taught that decreasing sedentary behavior forestalled disease
and protected the body against physical and mental impairment (Guthrie 1956).
Centuries after Sushruta, the practice of Hatha Yoga was developed to overcome the
sedentary spiritual pursuits of Indian Sadhus (i.e., holy men). The health decrements of long
hours of sitting meditation (i.e., dhyana) were found to be offset by a simple series of
asanas (i.e., Yoga postures) that stressed the musculoskeletal and cardiovascular systems.
Buddhist monks became increasingly more sedentary as Chinese society prospered. The
development of early forms of medical qigong was intended to counter the effects of
spending many hours per day in zazen (i.e., Buddhist meditation).
Wushu (i.e., Chinese martial arts) was inspired by Chinese philosophies on health. The
practitioners of ancient Chinese medicine such as Hua Tuo (2500 BCE) used patterns in
nature as examples from which to draw inferences about health and well-being (Wai 2004).
As a result, the animal mimicry of Kung Fu (developed during the late 16th century for the
defense of the Shaolin monastery) was one of the first institutionalized forms of exercise
that specifically emphasized the development of chi or qi (i.e., an inner energy or life force)
to counter the effects of the monks’ excessive sedentary behavior. Later forms of qigong
(e.g., Tai Chi) are now practiced throughout China and the world (Wile 2007).
In the ancient Greco-Roman world, PA and exercise played a central role in culture and
medicine (Green 1951). Like Sushruta, early Greco-Roman physicians were more
concerned with the preservation of health than the treatment of disease. Hippocrates of Kos
(460 BCE to 370 BCE) noted that “exercise should be many and of all kinds” and “eating
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alone will not keep a man well; he must also exercise…for food and exercise . . . work
together to produce health” (Hippocrates 1868, pages 228-299). His perspective was based
on simple observation and presaged the modern view that most chronic diseases are caused
by lifestyle factors such as nutrition and habitual patterns of PA.
After Hippocrates, the most prominent figure in ancient medicine was the Roman
physician Claudius Galen (210 CE). In his text On Hygiene, he extolled the virtues of
activity (Green 1951). The observations and prescriptions for exercise by ancient physicians
provide an interesting prelude to modern epidemiological evidence that supports the
contention that the primary prevention of chronic disease requires the adoption of a
physically active lifestyle.
\qqEnd special element\

Occupational Physical Activity and CVD
From the beginning of the Age of Enlightenment (early 18th century) to the 19th century,
there were frequent commentaries on the relationship between sedentary occupations and
chronic disease. The deleterious effects of sedentary behavior on cardiovascular health have
been in print for over a century. In 1843, Dr. W.A. Guy of King’s College in London
compared the rate of mortality of both male and female sedentary workers with those of
more physically active workers. Guy posited that sedentary lifestyles affected women as
much if not more than men and demonstrated that sedentary single women had much higher
mortality rates than their married counterparts. This suggested that the chores associated
with hearth and home provided more activity and allowed for less sedentary time. Modern
research examining the effects of housework on health parallel Guy’s keen observations
(Archer, Shook, et al. 2013; Archer, Lavie, et al. 2013). Dr. Edward Smith of London, a
contemporary of Guy, noted in 1864 that the mortality rate among sedentary tailors was
much greater than that of the more physically active agricultural workers (Smith 1864).
In 1939, O.F. Hedley examined the CVD mortality of sedentary businessmen and found
that it was significantly higher than those in occupations that demanded manual labor.
Nevertheless, the celebrated cardiologist Dr. William Osler suggested that the disparity in
mortality was not directly attributed to activity but rather emotional stress and societal
factors (Nieto 1999). Given the prestige and position of Osler, Hedley’s work was routinely
ignored until the seminal work of the Father of Physical Activity Epidemiology (Blair et al.
2010), Jeremiah Morris. Morris and his collaborators (1953) examined a large cohort of
London transport workers during 1949 and 1950. They discovered that the conductors who
climbed and descended many hundreds of steps each day while collecting fares on
London’s double-decker buses had much lower rates of CVD mortality than sedentary bus
drivers (annual incidence 1.9/1,000 versus 2.7/1,000, respectively). Morris and colleagues
suggested that physically active work had cardioprotective effects that were exhibited
principally through a decrement in sudden cardiac death.
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They continued by examining other government employees in a variety of occupations.
They discovered that the occupational sedentariness of office workers (e.g., clerks) led to
much higher rates of CVD when compared to people with jobs that required more PA (e.g.,
postal workers who walked or cycled while delivering mail). Interestingly, Morris and his
collaborators were the first to document a dose response for activity and sedentary behavior.
Postal workers who performed at least some PA (e.g., counter workers, supervisors) had
lower CVD rates than employees who were completely sedentary.
A great deal of criticism surrounded Morris’ early work. When he and colleagues posited
that “men doing physically active work have a lower mortality from coronary heart disease
in middle age than men in less active work” (1953, page 1112), it was met with extreme
cynicism and disbelief. Once again, the teachings of William Osler led many people to
believe that CVD was a result of the psychological stressors of the employment
environment rather than a lack of occupational physical exertion. The criticism abated when
it was noted that the respective work environments of the postman and conductors were
quite different, yet each had lower CVD mortality. Morris and colleagues’ work ushered in
the age of PA epidemiology and clearly established the relationship among sedentary
behavior, PA, and CVD. Morris’ seminal work was paralleled and extended by the
investigations of Dr. Ralph Paffenbarger Jr.
In 1951, Paffenbarger and colleagues began an observational study of >3,000 San
Francisco longshoremen who were 35 to 64 years of age. They examined nearly 45,000
man-years over the next 16 years. During that period, there were 888 deaths, of which 291
were coronary fatalities. The CVD death rate was significantly lower in the most active
when compared with the more sedentary workers: 59 versus 80/10,000 man-years of work
(Paffenbarger and Hale 1975).
Many investigations over the past 50 years have documented an inverse relationship
between occupational sedentariness and overall CVD risk. The association has been
replicated in U.S. railroad workers (Slattery, Jacobs, and Nichaman 1989), postal workers
(Kahn 1963), Kibbutz workers (Brunner et al. 1974), and farm workers (McDonogh et al.
1965). With each empirical undertaking, death from CVD was two to four times more likely
in sedentary workers. As the 20th century came to a close, research on the benefits of PA
and cardiorespiratory fitness (Blair and Brodney 1999; Blair et al. 1996b; Blair et al. 1989)
led the American Heart Association to report, “inactivity is a risk factor for coronary artery
disease” (Fletcher et al. 1992, page 340; Fletcher et al. 1996).

Physical Activity and CVD
With the advent of objective protocols for measuring activity (e.g., accelerometry-based
PA monitors), it is now clear that physical inactivity is one of the greatest public health
problems facing developed and developing nations (Lee et al. 2012). Nevertheless, until
recently, people who failed to meet PA guidelines were considered sedentary despite the
lack of reliable measures of sedentariness (Pate, O’Neill, and Lobelo 2008). As such,
sedentary behavior was imprecisely conflated with insufficient PA. However, recent
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research using inclinometers and other technology that allow more precise quantifications
of the time spent in sedentary pastimes suggests that the effects of excessive sedentary
behavior, independent of PA levels, may play an important and unique role in the
development of CVD and other noncommunicable diseases (NCDs) (Hamilton, Hamilton,
and Zderic 2007).
Over the past 60 years, research has demonstrated the essential role of physical inactivity
in the development of CVD and other noncommunicable chronic diseases (Archer and Blair
2011; Blair 2009; Blair et al. 1989). It is now unequivocal that physical inactivity leads to
significant morbidity and early mortality (Beaglehole et al. 2011; Cecchini et al. 2010; Lee
et al. 2012) and that sedentary lifestyles have severe consequences for all people. The risk
factors for CVD and other NCDs begin early in life and increase with advancing age. As
such, a lifetime of physical inactivity and excessive sedentary behavior hinders the
development of a healthy cardiovascular system (Booth, Laye, and Roberts 2011;
Charansonney 2011; Thijssen et al. 2010; Gidding et al. 2009; Kavey et al. 2003), muscle
strength, and bone density (Booth, Laye, and Roberts 2011), while predisposing people to a
host of morbidities in later life (Thorp et al. 2010; Thorp et al. 2011; Booth, Laye, and
Roberts 2011) such as type 2 diabetes (Aman et al. 2009; LaMonte, Blair, and Church
2005), osteoporosis (Faulkner and Bailey 2007), sarcopenia (Pillard et al. 2011), frailty
(Weiss 2011; Charansonney 2011), cancer (Kushi et al. 2012; Hu et al. 2005; Sui et al.
2010; Lagerros, Hsieh, and Hsieh 2004), and fatty liver disease (Nobili, Alisi, and Raponi
2009).
Numerous studies have demonstrated that the CVD risk factors associated with a
sedentary lifestyle (e.g., dyslipidemia, hyperinsulinemia, obesity, and hypertension) are
present in early childhood (Freedman et al. 1999). Findings from the Bogalusa study
indicate that as the number of risk factors increases, so does the evidence for the early
development of CVD (i.e., atherosclerotic processes in the aorta and coronary arteries)
(Freedman et al. 1999). Although an early reduction in risk factors minimizes the risk of
CVD in adulthood (Kavey et al. 2003), the sedentary lifestyles that significantly increase
CVD risk are often initiated in very early childhood and continue into adulthood (Janz,
Dawson, and Mahoney 2000). In 2003, the American Heart Association provided
guidelines that explicitly stated that the primary prevention of CVD should begin in
childhood and the success of this objective necessitates daily PA and reductions in
sedentary behavior (Kavey et al. 2003). Nevertheless, many children and most adolescents
and adults lead sedentary lives (Macera et al. 2005).
Research examining the effects of sedentary behavior may represent a different empirical
paradigm than traditional investigations into the effects of PA or exercise. Recently, it has
been suggested that sedentary behavior, independent of exercise or PA levels, may play a
unique and important role in the development of CVD (Hamilton, Hamilton, and Zderic
2007). Furthermore, there is increasing evidence that excessive sedentary behavior at any
age is associated with increased CVD risk factors (Nelson et al. 2005; Nissinen et al. 1989).
As children have become more sedentary over the past few decades, the prevalence of CVD
risk factors and the clinical manifestations of CVD have increased significantly in children.
For example, work by Gidding and colleagues (1995) and Tuzcu and others (2001) suggests
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an increasing trend in CVD risk factors, with >16% of adolescents having coronary
atherosclerosis.
In 2012, the World Heart Federation, American Heart Association, American College of
Cardiology Foundation, European Heart Network, and European Society of Cardiology
collectively produced a report outlining a global strategy to reduce preventable deaths from
CVD. The first and foremost proposed target was a 10% reduction in the prevalence of
insufficient physical activity (Smith et al. 2012).

Mechanisms Linking Sedentary Behaviors and CVD
Sedentary behavior represents one of the lowest levels of energy expenditure that humans
experience. Evidence exists that some forms of sedentary behavior (e.g., TV viewing)
acutely decrease resting energy expenditure (REE) or metabolic rate below that of sleeping
(Klesges, Shelton, and Klesges 1993). Evidence also exists that chronic sedentary activity
may induce long-term decrements in REE in a dose–response manner. Cooper and
colleagues found a significant dose–response relationship “in which REE decreased as
average weekly hours of TV viewing increased” (2006, page 105). This significant
reduction of energy expenditure is one of the primary mechanisms by which sedentary
behavior increases the risk of atherosclerosis and manifest CVD. When a person is sitting or
lying down, the contractile activation of the skeletal musculature of the entire body is
diminished significantly. Because skeletal muscle energy demand is a function of
contractile activity, inactive muscle cells have a reduced need to obtain nutritive energy
molecules (e.g., glucose, triglycerides, and fatty acids) from the blood. This will lead to
increasing concentrations in the blood (Leung et al. 2008; Yung et al. 2009) and an
increased potential for pathological oxidative processes that lead to the production of
reactive oxygen species, oxidative damage to the intima, and the initiation of
atherosclerosis.
Sedentary behavior differs from low levels of PA in that it diminishes activity in all
muscle fibers, inclusive of the highly oxidative postural muscles (which use relatively more
lipids for energy) and the more glycolytic skeletal musculature (which use relatively more
glucose and glycogen). By contrast, any nonsedentary activities (e.g., standing) activate the
highly oxidative postural muscles, causing them to expend energy and remove lipids that
would otherwise induce the formation of reactive oxygen species and cause oxidative
damage (Corbi et al. 2012). On the molecular and cellular levels, sedentary behavior
suppresses the activity of skeletal muscle lipoprotein lipase (LPL) as well as the muscle’s
sensitivity to insulin. LPL activity is necessary for the uptake (i.e., removal from the blood)
of lipids (e.g., triglycerides), and any reduction in this activity leads to the storage of lipids
in adipocytes (i.e., fat cells) and detrimental increases in visceral adiposity (Thyfault and
Krogh-Madsen 2011). Insulin sensitivity is essential for the uptake of glucose, and reduced
sensitivity leads to insulin resistance. Over many years, reduced insulin sensitivity may lead
to type 2 diabetes (Olsen et al. 2008; Jensen et al. 2011). It is the inactivity-induced
reduction in both insulin sensitivity and LPL activity that allows the nutritive energy
molecules to increase in concentration and undergo the pathological oxidation or glycation
processes that lead to injury of the endothelial cells of the vasculature. Any reduction in
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activity or increased sedentary behavior reduces the ability of the skeletal musculature to
remove glucose and lipids from the blood (Olsen et al. 2008).

Television Viewing and CVD
Television viewing is one of the most ubiquitous behaviors of the modern world and one
of the primary correlates of sedentary behavior (Grontved and Hu 2011). Recent
governmental and industry research suggest that Europeans spend approximately 40% of
their free time (i.e., ~4 hr/day) watching TV, while Australians and Americans spend more
than 50%. Americans on average spend 5 hours per day sitting in front of their TVs (ABS
2008; Nielsen 2011), despite the fact that there is evidence that more than 2 hours of
viewing per day promotes obesity (Davis et al. 2011), and multiple reviews have
demonstrated that TV viewing (as a surrogate for sedentary behavior) is a strong
independent predictor of CVD risk and mortality. A number of correlates of TV viewing
exist, such as race/ethnicity and age. African-Americans have the highest rates of TV
viewing, and Hispanic and African-American children are more likely to have a TV in their
bedroom (Taveras et al. 2009; Sisson and Broyles 2012). Globally, older adults watch
significantly more TV than younger adults (Touvier et al. 2010; Evenson et al. 2002), and
obese people spend significantly more time in all sedentary activities, including watching
TV, than their nonobese counterparts (Levine et al. 2005).
In 2011, Grontved and Hu performed a meta-analysis of prospective cohort studies to
examine the association between TV viewing and the risk of NCDs such as type 2 diabetes,
CVD, and all-cause mortality. When examining both fatal or nonfatal CVD on 34,253
people with 1,052 incident cases, the pooled relative risk per every 2-hour increase in TV
viewing per day were 1.15 (95% CI, 1.06–1.23), and were even higher for type 2 diabetes at
1.20 (95% CI, 1.14–1.27). They estimated that the absolute risk difference was 38 cases of
fatal CVD per 100,000 people per year, and concluded that TV viewing is a significant
correlate of CVD.
TV viewing is the predominant leisure-time activity in Australia. In 2010, Dunstan and
colleagues examined TV viewing in relation to subsequent CVD mortality with a median
follow-up of 6.6 years among 8,800 adults 25 years of age or older in the Australian
Diabetes, Obesity and Lifestyle Study (AusDiab). After 58,087 person-years of follow-up,
there were 87 CVD deaths. After adjusting for numerous confounders such as age, sex,
waist circumference, and exercise activity, the hazard ratios for CVD mortality for each 1hour increase in TV viewing per day was 1.18 (95% CI, 1.03–1.35). When they compared
people who watched <2 hours per day of TV to those who watched between 2 and 4 hours
per day and those who watched >4 hours per day, the fully adjusted hazard ratios for CVD
mortality were 1.19 (95% CI, 0.72–1.99) and 1.80 (95% CI, 1.00–3.25). They concluded
that the prevention of NCDs should focus on reducing sedentary time and promoting
physical activity and exercise.
In 2009, Katzmarzyk and colleagues prospectively examined daily sitting using a simple
questionnaire at baseline that asked respondents if they sat “almost none of the time, one
fourth of the time, half of the time, three fourths of the time and almost all of the time.”
After 12 years and 204,732 person-years of follow-up, there were 759 CVD deaths. After
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adjustment for potential confounders, there was a progressively higher risk of CVD
mortality across increasing levels of sitting time (HR: 1.00, 1.01, 1.22, 1.47, 1.54; trend p <
0.0001). Comparable results were obtained when stratified by age, sex, smoking status, and
body mass index. The age-adjusted all-cause mortality rates per 10,000 person-years of
follow-up for physically inactive participants were 87, 86, 105, 130, and 161 (trend p <
0.0001) and for active participants were 75, 69, 76, 98, 105 (trend p < 0.0001) across sitting
time categories (Katzmarzyk et al. 2009) These results suggest that there is a dose–response
relationship for mortality related to both increased sitting time and inactivity. Perhaps more
importantly, they suggest that excessive sedentary behavior (i.e., sitting time) is an
independent risk factor for CVD, but that increments in PA can partially ameliorate the
negative effects.
Warren and colleagues (2010) examined both TV viewing and the time spent sitting in a
vehicle in 7,744 men (20-89 years old) initially without diagnosed CVD who returned a
mailed survey during 1982 as part of the Aerobics Center Longitudinal Study. Data on
mortality were acquired through the National Death Index. Cox regression analyses
quantified the associations between each of the sedentary behaviors (hours per week) of
watching TV and riding in a vehicle with CVD death, as well as the total time participating
in these behaviors combined and CVD mortality rates. Over the 21-year follow-up, there
were 377 CVD deaths. After adjusting for age, both the time spent in a vehicle and the
combination of the time in a vehicle plus time watching TV were positively associated with
CVD death (trend p < 0.001). Men who reported >10 hours per week riding in a vehicle or
>23 hours per week combined sedentary behavior (i.e., TV and vehicle time) had 82% and
64% greater risk of dying from CVD than those who reported <4 or <11 hours per week,
respectively. They concluded that these two strong correlates of total sedentary behavior
were significant CVD mortality predictors. As with the Katzmarcyk and colleagues (2009)
study, they found that high levels of PA or CRF partially ameliorated the effects of
sedentary behavior on CVD. These authors suggested that health promotion efforts
targeting physically inactive men should emphasize both reducing sedentary behavior and
increasing levels of PA for optimizing cardiovascular health (Warren et al. 2010).

Summary
Cardiovascular diseases are the leading cause of death in the United States and
throughout the developed and developing world (Go et al. 2013; Roger et al. 2012).
Globally, CVD accounts for more than 10% of the total disease burden and approximately
30% of all deaths. Many of these deaths are early mortality (i.e., in people <60 years of age)
and are thus preventable through reductions in physical inactivity, sedentary behavior, and
smoking (Beaglehole et al. 2007). Nevertheless, over the past half-century, there has been a
large decrease in PA across the world in all domains of daily life (Church et al. 2011;
Archer, Shook, et al. 2013; McDonald 2007). The increased use of passive transportation
(driving rather than walking or biking) and spectator-based entertainment, as well as the
development of technologies that save time and reduce the necessity of both occupational
and household PA, have created an environment that is conducive to excessive sedentary
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behavior. Concomitant with this increment in sedentary behavior has been an increase in
risk factors for CVD such as obesity, dyslipidemia, diabetes, and hypertension. More
disheartening has been the dramatic increase in coronary calcification (Lee et al. 2009) and
atherosclerosis (McGill et al. 2002) in children and adolescents. This suggests that the
improvements in CVD mortality achieved in the United States in last decades may not be
maintained.
The proportion of younger people (i.e., ≤18 years of age) who report engaging in no
regular PA is high, and the proportion increases with age. Based on objective
measurements, the vast majority of the U.S. population does not meet the Physical Activity
Guidelines for Americans, and many adults report engaging in no aerobic leisure-time PA
(Tucker, Welk, and Beyler 2011). Given that the pathological processes that lead to CVD
begin in childhood and that PA interventions have been shown to reduce risk factors for
CVD in children (Sallis et al. 1997), perhaps the most efficacious manner for reducing the
future burden of CVD is initiating and implementing policies that increase PA while
decreasing sedentary behavior in both children and adults.
\qqBegin special element\

Key Concepts
• Atheroma (plaques): The accumulation of macrophages, fatty acids, cholesterol, and
fibrous tissue in arterial walls.
• Atherosclerosis: A pathological response to an injury of the endothelial cells of the
vasculature that results in the development of atheromatous plaques. Atherosclerosis is
the primary pathophysiologic process that underlies the majority of CVD deaths.
• Cardiovascular diseases (CVD): A group of chronic diseases of the heart or
vasculature. CVDs are a major cause of morbidity and mortality. Physical inactivity and
sedentary behavior are independent, major modifiable risk factors for CVD.
• Endothelial function: The ability of the lining of the vasculature (i.e., the endothelium)
to respond to physical and chemical signals to regulate vascular tone, cellular adhesion,
and vessel wall inflammation.
• Myocardial infarction: A reduction or interruption of blood flow (i.e., ischemia) to the
myocardium that results in tissue damage; commonly known as a heart attack.
• Oxidative injury: Tissue damage from the excessive production of highly reactive
molecules known as free radicals. Oxidative injury to the vascular intima is the first step
in the atherosclerotic process. Smoking and the glycoxidation or glycation of nutritive
energy molecules (e.g., glucose, lipids) are the primary sources of the reactive oxygen
species that lead to intimal lesions. The progression from an intimal lesion to plaque
rupture is exacerbated by inactivity-induced reductions in endothelial function.
• Stroke: Damage to the brain from a lack of blood flow (ischemic) or bleeding
(hemorrhagic); also known as a cerebrovascular accident.
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• Thromboembolus: A clot (i.e., a thrombus) in a blood vessel that travels from where it
was originally formed to occlude blood flow in another part of the body.
• The associations among inactivity, sedentary behavior, and health have been known for
many centuries.
• Sedentary behavior leads to reductions in the activation and consequent energy
requirements of the skeletal musculature. This increases the substrate (i.e., nutritive
energy molecules) available for glycation and the potential for oxidative injury to the
intima.
• The time spent in sedentary behavior is an independent predictor of fatal and nonfatal
CVD events, with a possible dose–response relationship.
• Exercise and high levels of PA can improve endothelial function through increases in
fluid shear stress and thereby offset the pathological vascular remodeling of
atherosclerotic processes.
• An increased frequency of breaks taken within episodes of sedentary behavior may
diminish the deleterious effects of sedentary behavior.
• The number one leisure-time activity in the developed world is TV viewing.
• Obesity is a risk factor for CVD, and obese people spend significantly more time sitting
and participating in sedentary behavior such as watching TV.

Study Questions
1. What are the major cardiovascular diseases?
2. What are the major modifiable and nonmodifiable risk factors for CVD?
3. What is the underlying pathophysiological mechanism in most CVDs?
4. How does sedentary behavior affect the activation of the skeletal musculature?
5. How does a decrease in skeletal muscle energy expenditure lead to an increased risk
of atherosclerosis?
6. What is an atheroma?
7. What is a thromboembolus?
8. What precipitates a plaque rupture?
9. How does endothelial dysfunction predispose a person to atherosclerosis?
10. How can sedentary behavior and PA coexist in the same person?
11. How do exercise and high levels of PA improve endothelial function?
\qqEnd special element\
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Chapter 10
Sedentary Behavior and
Cancer
Brigid M. Lynch, PhD; and Christine M. Friedenreich, PhD
\qqBegin special element\
The reader will gain an overview of sedentary behavior research within a cancer control
context. By the end of this chapter, the reader should be able to do the following:
• Identify cancer sites for which there is evidence of an association with sedentary
behavior
• Discuss health outcomes that have been associated with sedentary behavior in cancer
survivors
• Define and discuss hypothesized biological mechanisms underlying the association
between sedentary behavior and cancer
• Discuss the recommendations for future research
\qqEnd special element\
Sedentary behavior has been independently associated with chronic disease–related risk
factors such as adiposity (Hu et al. 2003; Blanck et al. 2007; Wijndaele et al. 2010), insulin
resistance (Balkau et al. 2008; Schmidt et al. 2008; Healy et al. 2011), and inflammation
(Healy et al. 2011) in healthy adults. These factors are also hypothesized to be operative in
the development and progression of some cancers. Hence, it is biologically plausible that
sedentary behavior may be a contributing factor to some types of cancer, and there is
increasing research interest in this potential association.
This chapter updates the review of the epidemiological studies regarding the association
between sedentary behavior and cancer provided by Lynch (2010). Here, we provide an
overview of the burden of disease attributable to cancer and describe the main established
risk factors associated with the disease. We then provide a comprehensive review of the
epidemiological literature related to associations of sedentary behavior with cancer risk and
health outcomes for cancer survivors. Finally, we highlight the hypothesized biological
mechanisms whereby sedentary behavior may influence cancer pathogenesis and
progression.
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Cancer Epidemiology
More than 100 different types of cancer exist that are identified by the site of disease and
morphology. Cancer types can be grouped into five main categories: carcinoma, sarcomas,
leukemia, lymphoma and myeloma, and central nervous system cancers. Cancers arise as a
consequence of a lengthy (often decades long) multistep process involving the progressive
accumulation of genetic and epigenetic changes that ultimately transform normal cells into
neoplastic cells. Malignant cells are characterized by self-sufficiency, limitless replication
potential, resistance to cell death, new and sustained angiogenesis, the ability to invade
tissues, and a propensity to metastasize. Given the multitude of sites where cancers can
originate, the resulting types of cancers are heterogeneous with respect to both their
distributions by person, place, and time within populations and factors that are associated
with their occurrence. The following sections provide an overview of the global burden of
cancer with respect to incidence and mortality as well as a description of the major cancer
risk factors.
In 2010, more than 13 million incident cases of cancer (excluding non-melanoma skin
cancers) were recorded worldwide and nearly 8 million cancer deaths occurred (Ferlay et al.
2010). By 2020, cancer incidence and mortality are projected to increase to more than 16
million new cases, with 10 million deaths (World Cancer Research Fund and American
Institute for Cancer Research 2007). Cancer may soon surpass cardiovascular diseases to
become the number one cause of mortality worldwide. Furthermore, by 2030, it is estimated
that 70% of cancer deaths will occur in developing countries (World Cancer Research Fund
and American Institute for Cancer Research 2007). Presently, nearly 30 million people are
cancer survivors worldwide, and this number is expected to rise steadily given the trends of
increasing cancer incidence and improved early diagnosis and cancer treatment.
This projected increase in cancer incidence and mortality is attributable to a combination
of factors that include an increase in the global population, an aging world population, the
increase in tobacco smoking prevalence in many countries, the increase in industrialization
in many countries, a Westernization in dietary intake and lifestyle, and an increase in the
prevalence of HIV and AIDS (World Cancer Research Fund and American Institute for
Cancer Research 2007). A real age-adjusted, population-adjusted increase in cancer rates is
projected (Ferlay et al. 2010). However, some cancer rates are decreasing in developed
countries; large differences in incidence over time and absolute numbers of cancers
demonstrate that a percentage of these cancers are, in principle, preventable (World Cancer
Research Fund and American Institute for Cancer Research 2007).
The most commonly diagnosed cancers (excluding all types of skin cancer) are of the
lung, colorectal, breast, stomach, and prostate. Clear geographical and socioeconomic
differences exist for the most common cancers, with cancers associated with infectious
agents more prevalent in developing countries and hormone-related cancers more common
in developed countries.
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Key Risk Factors
The etiology of cancer is complex and multifactorial, with the main causes broadly
categorized into either genetic or host factors and environmental or lifestyle factors. The
main host factors that have been identified are age, race, and family history of cancer. Age
is the strongest determinant of cancer risk since it parallels the cumulative exposure to
carcinogens over time and the accumulation of mutations needed for unregulated cell
growth that is cancer. Race defines a constellation of genetic factors that relate to
susceptibility to a given cancer. An underlying predisposition to cancer exists for people
who are carriers of highly penetrant cancer susceptibility genes, which account for <5% for
most cancers. Genetic susceptibility for cancer can also interact with environmental
exposures to increase cancer risk within subsets of the population with this predisposition.
Several different types of environmental factors are established as cancer risk factors,
including tobacco use, infectious agents, hormones, sunlight, ionizing radiation, industrial
chemicals and exposures, dietary intake, physical inactivity, and obesity. The single most
consistently established and strongest risk factor that has been associated with the most
cancers is tobacco use and environmental tobacco smoke, which account for approximately
one-third of cancers in the developed world (Secretan et al. 2009). Tobacco is an established
initiator and promoter of carcinogenesis. Several viruses have been identified that strongly
increase the risk of developing cancer, including human papillomaviruses (associated with
cervical cancer), hepatitis B and hepatitis C (liver cancer), human T-cell leukemia or the
lymphoma virus, human immunodeficiency virus (Kaposi sarcoma), Epstein–Barr virus
(lymphoma), human herpesvirus 8 (Kaposi sarcoma), and Helicobacter pylori (stomach
cancer) (Bouvard et al. 2009). Approximately one in four cancers in developing countries is
estimated to be attributable to infection (World Cancer Research Fund and American
Institute for Cancer Research 2007). Menopausal hormone therapy may increase breast
cancer risk, and use of diethylstilbestrol during pregnancy is associated with increased risks
of breast cancer in the mothers and cervical cancer in the daughters (Grosse et al. 2009).
Ultraviolet radiation and ionizing radiation from radioactive fallout, radon gas, and X-rays
increase the risk of several cancers (El Ghissassi et al. 2009). Numerous industrial
chemicals and exposures have been classified by the International Agency for Research on
Cancer (IARC) as sufficient causes of cancer. The main exposures classified as carcinogens
in industrial settings are asbestos, benzene, cadmium, nickel, and vinyl chloride, but several
thousand exposures have been classified as potentially increasing cancer risk (Baan et al.
2009).
The American Institute of Cancer Research has estimated that inappropriate diet,
physical inactivity, and unhealthy body weight alone could together account for 30% to
40% of cancer incidence (World Cancer Research Fund and American Institute for Cancer
Research 2007). Excessive alcohol intake has been related to the risk of specific cancers
potentially accounting for 3% to 5% of the incidence of all cancers worldwide and is
classified as a carcinogen by the IARC (Secretan et al. 2009). Being overweight or obese
increases the risk of several cancers and accounts for 20% of all cancer cases (World
Cancer Research Fund and American Institute for Cancer Research 2007). Physical activity
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reduces the risk of colon, breast, and endometrial cancers by 20% to 30% and for prostate,
lung, and ovarian cancers by 10% to 30% (Courneya and Friedenreich 2011). Consistent
and strong evidence now exists for an increased risk associated with red meat and processed
meat for colorectal cancer and a probable decrease for several cancers for fruit and
vegetable intake (World Cancer Research Fund and American Institute for Cancer Research
2007).

Sedentary Behavior and Cancer Research
In this section, we provide a summary of studies examining associations of sedentary
behavior with cancer risk, published to June 2014. Where multiple publications from the
same study (relating to the same cancer site) were found, the most recent publication was
included for review. The risk ratios extracted from studies represent the highest versus
lowest category of sedentary behavior. We define study results as null if the odds or hazard
ratios fell between 0.9 and 1.1, inclusive. If the lower limit of the 95% confidence intervals
was greater than 0.95, we consider the results to be of borderline significance.
To date, 21 published studies have assessed the association between self-reported
sedentary behavior (where participants estimated their total sitting time, screen time, and
occupational sitting time) and cancer risk. The main design features and results of these key
studies are summarized in table 10.1. An additional 15 studies have compared participant
self-reported occupational activity (categories generally include sitting, standing, some
walking and light lifting, and heavy manual labor) and cancer risk, and these are also
reviewed. Studies in which participants’ activity levels were assigned based on job title
(usually from industry and occupation codes) were not included in our review because of
the likelihood of misclassification and measurement error of sedentary behavior.

Table 10.1 Associations of Sedentary Behavior and Cancer Risk
Study

Design and measure

Results

<tsp>Breast cancer
Rosenberg et al. Prospective cohort study, sit- All women, TV: RR = 1.13 (95% CI: 0.91,
2014
ting time; 5+ vs. <1 hr/day
1.40)
All women, occupational sitting: RR =
1.05 (95% CI: 0.90, 1.22)
ER+, TV: RR = 0.94 (95% CI: 0.69, 1.28)
ER+, occupational sitting: RR = 0.92
(95% CI: 0.74, 1.13)
ER−, TV: RR = 1.39 (95% CI: 0.94, 2.07)
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ER−, occupational sitting: RR = 1.19
(95% CI: 0.90, 1.57)
Cohen et al.
2013

Nested case control study,
sitting time; top vs. bottom
quartile

All women: OR = 1.41 (95% CI: 1.01,
1.95)
Black women: OR = 1.23 (95% CI: 0.82,
1.83)
White women: OR = 1.94 (95% CI: 1.01,
3.70)

Hildebrand et
al. 2013

Prospective cohort study, sit- All women: RR = 1.10 (95% CI: 1.01,
ting time; top vs. bottom
1.21), p trend = 0.20
quartile

Lynch, CourCase control study, sitting
neya, and Frie- time
denreich 2013

George et al.
2010

Postmenopausal: OR = 0.71 (95% CI:
0.52, 0.97)
Premenopausal: OR = 0.85 (95% CI: 0.58,
1.24)

Prospective cohort study,
Invasive: RR = 1.16 (95% CI: 1.02, 1.35)
OA; standing or walking vs. Invasive, TV : RR = 1.56 (95% CI: 0.89,
sitting all day; total sitting or 1.41)
TV ≥9 vs <3 hr/day
Invasive, sitting: RR = 1.08 (95% CI:
0.92, 1.27)
In situ: RR = 0.90 (95% CI: 0.63, 1.28)
In situ, TV: RR = 1.01 (95% CI: 0.56,
1.83)
In situ, sitting: RR = 1.12 (95% CI: 0.78,
1.61)

Mathew et al.
2009

Case control study, sitting
time; ≥180 vs. <60 min/day

No statistically significant associations between TV time and breast cancer in either
pre- or postmenopausal women.

Lahmann et al. Prospective cohort study,
2007
OA; sedentary vs. standing

Premenopausal: HR = 0.98 (95% CI: 0.82,
1.16)
Postmenopausal: HR = 1.09 (95% CI:
0.95, 1.23)
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Levi et al. 1999 Case control study, OA;
mainly sitting vs. standing

15-19 years: OR = 1.67 (95% CI: 1.10,
2.50)
30-39 years: OR = 2.22 (95% CI: 1.14,
4.76)
50-59 years: OR = 1.85 (95% CI: 0.98,
3.45)

Thune et al.
1997

Prospective cohort study,
OA; sedentary vs. walking

Overall: RR = 1.19 (95% CI: 0.89, 1.59)
Premenopausal: RR = 1.22 (95% CI: 0.75,
2.00)
Postmenopausal: RR = 1.15 (95% CI:
0.81, 1.64)

<tsp>Colorectal/colon cancer
Howard et al.
2008

Prospective cohort study, sit- Men, TV: RR = 1.56 (95% CI: 1.11, 2.20)
ting time; ≥9 vs. <3 hr/day
Men, total sitting: RR = 1.22 (95% CI:
0.96, 1.55)
Women, TV: RR = 1.45 (95% CI: 0.99,
2.13)
Women, total sitting: RR = 1.23 (95% CI:
0.89, 1.70)

Friedenreich et Prospective cohort study,
al. 2006
OA; sedentary vs. standing

Colon: HR = 1.02 (95% CI: 0.84, 1.23)
Rectal: HR = 0.90 (95% CI: 0.70, 1.18)

Colbert et al.
2001

Randomized controlled trial, Colon: RR = 1.67 (95% CI: 0.96, 2.94)
OA; sitting vs. walking quite Rectal: RR = 1.41 (95% CI: 0.73, 2.78)
a lot

Steindorf et al.
2000

Case control study, sitting
time; ≥2 vs. <1.14 hr/day

Colorectal: OR = 2.22 (95% CI: 1.19,
4.17)

Thune and
Lund 1996

Prospective cohort study,
OA; sedentary vs. walking

Men, colon: RR = 1.09 (95% CI: 0.78,
1.49)
Men, rectal: RR = 1.11 (95% CI: 0.76,
1.64)
Women, colon: RR = 1.22 (95% CI: 0.66,
2.27)
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Women, rectal: RR = 1.05 (95% CI: 0.44,
2.50)
<tsp>Endometrial cancer
Arem et al.
2011

Case control study, sitting
time; ≥8 vs. <4 hr/day

Friedenreich et Case control study, sitting
al. 2010
time; hr/week/year increase

OR = 1.52 (95% CI: 1.07, 2.16), p trend =
0.024
Each hr increase: OR = 1.02 (95% CI:
1.00, 1.04)
5 hr increase: OR = 1.11 (95% CI: 1.01,
1.22)

Moore et al.
2010*

Prospective cohort study, sit- RR = 1.15 (95% CI: 0.87, 1.53), p trend <
ting time; ≥9 vs. <3 hr/day
0.01

Patel et al. 2008 Prospective cohort study, sit- Not associated with statistically significant
ting time
increased risk in fully adjusted model
Friberg, Mantzoros, and
Wolk 2006

Prospective cohort study, sit- RR = 1.66 (95% CI: 1.05, 2.61)
ting time; ≥5 vs. <5 hr/day

<tsp>Kidney cancer
George et al.
2011

Prospective cohort study, sit- TV: HR = 1.56 (95% CI: 0.89, 1.41)
ting time; ≥9 vs. <3 hr/day
Total sitting: HR = 1.08 (95% CI: 0.92,
1.27)

Mahabir et al.
2004

Randomized controlled trial, OR = 0.73 (95% CI: 0.44, 1.22)
OA; mainly sitting vs. walking quite a lot

<tsp>Lung cancer
Ukawa et al.
2013

Prospective cohort study, sit- Men: HR = 1.36 (95% CI: 1.04, 1.80)
ting time; ≥4 vs. <2 hr/day
Women: HR = 1.03 (95% CI: 0.67, 1.62)

Lam et al. 2013 Prospective cohort study, sit- TV: HR = 1.06 (95% CI: 0.77, 1.46)
ting time; ≥5 vs. <3 hr/day
Total sitting: HR = 1.28 (95% CI: 0.96,
1.72)
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Steindorf et al.
2006

Prospective cohort study,
OA; sitting vs. standing

Men: RR = 0.74 (95% CI: 0.56, 0.98)

Bak et al. 2005 Prospective cohort study,
OA; sitting vs. standing

Men: RR = 0.60 (95% CI: 0.38, 0.94)

Thune and
Lund 1997

Men: RR = 0.87 (95% CI: 0.68, 1.11)

Prospective cohort study,
OA; sedentary vs. walking

Women: RR = 0.88 (95% CI: 0.64, 1.20)

Women: RR = 0.58 (95% CI: 0.37, 0.93)

Women: RR = 1.23 (95% CI: 0.57, 2.70)

<tsp>Non-Hodgkin lymphoma
Teras et al.
2012

Prospective cohort study, sit- Women: HR = 1.26, (95% CI: 1.01, 1.59),
ting time; ≥6 vs. <3 hr/day
p = 0.011
No significant association among men

<tsp>Ovarian cancer
Xiao et al. 2013 Prospective cohort study, sit- TV: RR = 1.02 (95% CI: 0.67, 1.55)
ting time; ≥7 vs. <3 hr/day
Total sitting: RR = 1.06 (95% CI: 0.81,
1.39)
Pan et al. 2005 Case control study, OA; sitting vs. light occupational
activity

Averaged lifetime: OR = 0.86 (95% CI:
0.57, 1.33)
Past 2 years: OR = 1.43 (95% CI: 0.96,
2.08)

Patel et al. 2006 Prospective cohort study, sit- RR = 1.55 (95% CI: 1.08, 2.22)
ting time; ≥6 vs. <3 hr/day
Zhang et al.
2004

Case control study, sitting
time

TV: >4 vs. <2 hr/day, OR = 3.39 (95% CI:
1.0, 11.5)
Total sitting: >10 vs. <4 hr/day, OR = 1.77
(95% CI: 1.0, 3.1)
Work sitting: >6 vs. <2 hr/day, OR = 1.96
(95% CI: 1.2, 3.2)

<tsp>Pancreatic cancer
Stolzenberg-So- Randomized controlled trial, OR = 1.30 (95% CI: 0.74, 2.22)
lomon et al.
OA; mainly sitting vs. walk2002
ing quite a lot
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<tsp>Prostate cancer
Lynch et al.
2014

Prospective cohort study, sit- All, TV: ≥7 vs. <1 hr/day, HR = 1.03 (95%
ting time; TV viewing ≥5 vs. CI: 0.92, 1.15)
<3 hr/day, total sitting ≥7 vs. All, total sitting: ≥9 vs. <3 hr/day, HR =
<3 hr/day
0.98 (95% CI: 0.91, 1.05)
Advanced, TV: HR = 0.93 (95% CI: 0.79,
1.09)
Advanced, total sitting: HR = 0.91 (95%
CI: 0.77, 1.08)
Fatal, TV: HR = 1.07 (95% CI: 0.85, 1.33)
Fatal, total sitting: HR = 1.07 (95% CI:
0.84, 1.35)

Orsini et al.
2009

Prospective cohort study,
All: OR = 1.27 (95% CI: 1.10, 1.45)
OA; mostly sitting vs. mostly Localized: OR = 1.39 (95% CI: 1.11, 1.72)
standing

Lacey et al.
2001

Case control study, OA; sitting vs. light labor

1998: OR = 0.59 (95% CI: 0.29, 1.25)

Thune and
Lund 1994

Prospective cohort study,
OA; sedentary vs. walking

RR = 1.30 (95% CI: 0.92, 1.85)

Aged 40-49: OR = 0.37 (95% CI: 0.18,
0.77)

<tsp>Testicular cancer
Thune and
Lund 1994

Prospective cohort study,
OA; sedentary vs. walking

RR = 1.67 (95% CI: 0.64, 4.35)

*Updating Gierach et al. 2009; ER+ = estrogen receptor positive, ER− = estrogen
receptor negative, CI = confidence intervals, OA = occupational activity, HR = hazard ratio,
RR = relative risk, OR = odds ratio
Twelve (57%) of the 21 studies assessing self-reported sedentary behavior and cancer
found a statistically significant risk increase when comparing the highest versus lowest
category of sedentary behavior (Steindorf et al. 2000; Zhang et al. 2004; Friberg,
Mantzoros, and Wolk 2006; Patel et al. 2006; Howard et al. 2008; Patel et al. 2008;
Friedenreich et al. 2010; Arem et al. 2011; Teras et al. 2012; Cohen et al. 2013; Hildebrand
et al. 2013; Ukawa et al. 2013). Three studies (14%) observed a statistically nonsignificant
risk increase (Moore et al. 2010; Lam et al. 2013; Rosenberg et al. 2014), five studies (24%)
produced null effects (Mathew et al. 2009; George et al. 2010; George et al. 2011; Xiao et
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al. 2013; Lynch, Courneya, and Friedenreich 2014), and one study (5%) reported a
significant risk reduction (Lynch, Courneya, and Friedenreich 2013). Fifteen of the 21
studies examined the trend of the association between sedentary behavior and cancer risk in
fully adjusted models, and six found evidence for a dose–response relation (Patel et al.
2006; Howard et al. 2008; Patel et al. 2008; Moore et al. 2010; Arem et al. 2011; Teras et al.
2012). Most studies presented results from models that had been adjusted for a range of
sociodemographic, health, and lifestyle variables, with the exception of some of the older
studies that adjusted for age, geographic region, and BMI (Thune and Lund 1994) or
education and total energy intake (Steindorf et al. 2000). Figure 10.1 presents outcomes by
cancer site.

Figure 10.1 Sedentary behavior and cancer risk, by site.
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Given the emerging nature of this field of research, further prospective cohort studies are
needed to quantify the associations of sedentary behavior with cancer risk. Investigating
associations between sedentary behavior and additional cancer sites for which a biologically
plausible link exists, such as liver, esophageal, and pancreatic cancer, should be a research
priority.
Eight prospective studies examined the association between self-reported sedentary
behavior and overall cancer mortality (see table 10.2). Three studies reported a statistically
significant risk increase (Patel et al. 2010; Matthews et al. 2012; Seguin et al. 2014). Each
study adjusted models for a range of potentially confounding variables. It should be noted
that one of these studies (the Women’s Health Initiative) was comprised of women only
(Seguin et al. 2014) and that the significant association reported in one of the other studies
(the American Cancer Society’s Cancer Prevention Study II Nutrition Cohort) was among
women only (Patel et al. 2010). Two studies observed nonsignificant risk increases
(Dunstan et al. 2010; Wijndaele et al. 2011) and the remainder produced null effects
(Katzmarzyk et al. 2009; Kim et al. 2013; Matthews et al. 2014), although there was a very
small, nonsignificant risk increase among the black participants of the Southern Community
Cohort Study (Matthews et al. 2014). Figure 10.2 presents a summary of the hazard ratios
across studies for cancer-specific mortality.

Table 10.2 Associations of Sedentary Behavior and Cancer Mortality
Study

Design and measure

Results

<tsp>All cancer mortality
Matthews et al.
2014

Prospective cohort study; sitting Blacks: HR = 1.12 (0.92, 1.36), p trend
time, >12 vs. <5.76 hr/day
= 0.17
Whites: HR = 1.04 (0.74, 1.46), p
trend = 0.29

Seguin et al.
2014

Prospective cohort study; sitting HR = 1.21 (1.07, 1.37)
time ≥11 vs. <4 hr/day

Kim et al. 2013

Prospective cohort study; sedentary behavior ≥10 vs. <5
hr/day

Men: HR = 0.97 (0.87, 1.07)

Prospective cohort study;
watching TV ≥7 vs. <1 hr/day,
total sitting ≥9 vs. <3 hr/day

TV: HR = 1.22 (1.06, 1.40)

Matthews et al.
2012

Women: HR = 0.97 (0.87, 1.09)

Sitting: HR = 1.12 (1.02, 1.24)
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Wijndaele et al. Prospective cohort study;
2011
hr/day increase in TV viewing
time

No association between TV viewing
time and cancer mortality

Patel et al. 2010 Prospective cohort study; sitting Women: RR = 1.30 (95% CI: 1.16,
≥6 vs. <3 hr/day
1.46), p = <0.0001
Men: no association
Dunstan et al.
2010

Prospective cohort study;
hr/day increase in TV viewing
time

No association between TV viewing
time and cancer mortality

Katzmarzyk et
al. 2009

Prospective cohort study; sitting No association between daily sitting
almost all of the time vs. almost time and cancer mortality
none of the time

<tsp>Site-specific mortality
Campbell et al.
2013

Prospective cohort study; sitting Prediagnosis, all-cause: RR = 1.36
≥6 vs. <3 hr/day
(1.10, 1.68)
CRC specific: RR = 1.33 (0.96, 1.84)
Postdiagnosis, all-cause: RR = 1.27
(0.99, 1.64)
CRC specific: RR = 1.62 (1.07, 2.44)

Ukawa et al.
2013

Prospective cohort study; sitting All: HR = 1.20 (0.82, 1.77)
≥4 vs. <2 hr/day
Men: HR = 1.23 (0.76, 2.02)
Women: HR = 1.13 (0.62, 2.13)
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HR = hazard ratio, RR = relative risk, CRC = colorectal cancer

Figure 10.2 Sedentary behavior and cancer-specific mortality.

Additionally, two studies have examined the association of sedentary behavior and sitespecific mortality (see table 10.2). Postdiagnosis leisure-time sitting (≥6 versus <3 hr/day)
was associated with colorectal cancer–specific mortality in the Cancer Prevention Study II
Nutrition Cohort (RR = 1.62, 95% CI: 1.07, 2.44); the association for prediagnosis sitting
was not statistically significant (RR = 1.33, 95% CI: 0.96, 1.84) (Campbell et al. 2013).
Television viewing time was not significantly associated with liver cancer mortality in the
Japanese Collaborative Cohort Study (HR ≥6 versus <3 hr/day = 1.20, 95% CI: 0.82, 1.77)
(Ukawa et al. 2013).
Additional prospective studies are needed to determine the association of sedentary
behavior with site-specific cancer mortality. Etiological pathways differ between cancer
sites, and it is likely that sedentary behavior is a risk factor for some, but not all, cancers.
Significant associations for specific sites are likely masked when cancer mortality is
considered as a homogenous outcome.
Two of the 15 studies on occupational activity and cancer risk (13%) found a statistically
significant risk increase associated with employment in jobs categorized as sitting versus
standing (Levi et al. 1999; Orsini et al. 2009). An additional two studies (13%)
demonstrated a risk increase of borderline significance (Colbert et al. 2001; Pan et al.
2005), and five studies (34%) observed a statistically nonsignificant risk increase (Thune
and Lund 1994, 1996, 1997; Thune et al. 1997; Stolzenberg-Solomon et al. 2002). Two
studies (13%) produced null effects (Friedenreich et al. 2006; Lahmann et al. 2007), and
four studies (27%) found an inverse association between sedentary behavior or a sedentary
occupation and cancer risk (Lacey et al. 2001; Mahabir et al. 2004; Bak et al. 2005;
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Steindorf et al. 2006). Figure 10.3 presents the associations of occupational activity
category with site-specific risk.

Figure 10.3 Sitting versus standing occupational categories and cancer risk, by
site.

Sedentary Behavior and Cancer Survivorship
Only 12 publications to date have considered the effect of sedentary behavior on health
outcomes for cancer survivors (see table 10.3). Five of these studies utilized methods of
objective activity monitoring to assess sedentary behavior (Lynch et al. 2010; Lynch,
Dunstan, et al. 2011 ; George et al. 2014; Lowe et al. 2014; Vallance et al. 2014); seven
studies relied on self-reported estimates (Wijndaele et al. 2009; Hawkes et al. 2011; Lynch,
Cerin, et al. 2011; Rogers et al. 2011; Forsythe et al. 2013; George et al. 2013; Trinh et al.
2013). Each study adjusted models for a range of potentially confounding variables.
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Prospective cohorts of cancer survivors are needed to study the associations of sedentary
behavior with disease prognosis and other health outcomes, including quality of life.
Television viewing time has been shown to have deleterious effects on BMI, cardiovascular
health, and quality of life for colorectal cancer survivors (Wijndaele et al. 2009; Hawkes et
al. 2011; Lynch, Cerin, et al. 2011); however, the effect of sedentary behavior in other
cancer survivor groups is largely unknown.

Table 10.3 Associations of Sedentary Behavior and Health Outcomes in
Cancer Survivors
Study

Design and measures

Results

<tsp>Breast cancer survivors
Rogers et al.
2011

Case control study; weekday
and weekend sitting; fatigue
(FACT-F) and depressive
symptoms (CES-D)

Adjusted mean fatigue scores significantly
different across sitting categories: ≤120
min = 12.5; >120 to ≤360 min = 14.2;
>360 min = 17.2, p = 0.0029. No significant association with depressive symptoms.

Lynch et al.
2010

Case control study; accelerometer-measured sedentary
behavior (<100 counts/min;
waist circumference and BMI

Sedentary time not associated with waist
circumference (β = 2.687, 95% CI: −0.537,
5.910) or BMI (β = 0.412, 95% CI: −0.811,
1.636) in fully adjusted models.

<tsp>Colorectal cancer survivors
Lynch, Cerin,
et al. 2011

Prospective cohort study; TV Watching TV associated with 16% lower
time ≥5 vs. ≤2 hr/day; quality total quality of life score. Participants who
of life scores (FACT-C)
increased their TV viewing by one category had a proportional decrease of 6% in
quality of life score.

Hawkes et al.
2011

Prospective cohort study; TV TV, de novo ischemic heart disease: OR =
time ≥5 vs. ≤2 hr/day; con4.50 (95% CI: 1.73, 11.74)
current and de novo cardioTV, nonsignificant risk increase for de novascular disease and diabetes
vo diabetes: OR = 1.56 (0.87, 2.18)

Wijndaele et
al. 2009

Prospective cohort study; TV Watching TV ≥5 vs. ≤2 hr/day associated
time; BMI from baseline to
with increase in BMI at 24 months (0.72
kg/m2, 95% CI: 0.31, 1.12, p < 0.001) and
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24 and 36 months post diagnosis

36 months (0.61 kg/m2, 95% CI: 0.14,
1.07, p < 0.01)

<tsp>Prostate cancer survivors
Lynch, Dunstan, et al.
2011

Case control study; accelerometer-measured sedentary
behavior (<100 counts/min);
waist circumference

Sedentary time not associated with waist
circumference (β = 0.678, 95% CI: −1.389,
2.745) in fully adjusted model

OR = odds ratio
Two studies examined the cross-sectional associations between accelerometer-assessed
sedentary time and measures of adiposity in breast (n = 111) and prostate cancer survivors
(n = 103) in the National Health and Nutrition Examination Survey. A cutoff of fewer than
100 counts per minute was used to define sedentary time. Sedentary time was not
significantly associated with adiposity in fully adjusted models for survivors of either breast
(Lynch et al. 2010) or prostate cancer (Lynch, Dunstan, et al. 2011). Three other crosssectional accelerometer studies reported divergent findings relating to sedentary time and
quality of life: Vallance and colleagues (2014) found no association in a sample of 178
stages I to III colon cancer survivors, George and others (2014) demonstrated an inverse
association between sitting time and physical functioning and general health among 54
cancer survivors with mixed diagnoses, and Lowe and colleagues (2014) found that greater
volumes of time spent sitting or lying down were significantly associated with poorer
psychosocial functioning but better physical functioning in 31 cancer patients with brain
metastases.
Three studies used data from the Colorectal Cancer and Quality of Life Study to examine
the prospective effect of television viewing time on various health outcomes among nearly
2,000 colorectal cancer survivors (Wijndaele et al. 2009; Hawkes et al. 2011; Lynch, Cerin,
et al. 2011). Watching 5 hours or more versus 2 hours or less of television per day was
positively associated with a mean increase in BMI of 0.71 kg/m2 over approximately 18
months (Wijndaele et al. 2009). Colorectal cancer survivors who watched 5 hours or more
of television per day had a 16% lower total quality of life score than did participants
reporting 2 hours or less per day. Deleterious associations were strongest for functional
well-being (23% difference in quality of life scores between highest and lowest television
viewing categories) and weakest for social well-being (6% difference) (Lynch, Cerin et al.
2011). Television viewing time was also associated with de novo ischemic heart disease
among rectal cancer survivors (OR = 4.50, 95% CI: 1.73, 11.74) and with a nonsignificant
risk increase for de novo diabetes in colon cancer survivors (OR = 1.56, 95% CI: 0.87, 2.18)
(Hawkes et al. 2011).
Two reports were from the Health, Eating, Activity, and Lifestyle Study, a prospective
study of women diagnosed with in situ to stage IIIa breast cancer. No significant association
was found between self-reported television viewing time and health-related quality of life
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or fatigue (George et al. 2013), nor with pain (Forsythe et al. 2013). A cross-sectional study
of 540 kidney cancer survivors found no association between self-reported sitting time and
quality of life or fatigue, although stratified analyses showed a significant association
among younger (<60 years) participants (Trinh et al. 2013). Finally, in a cross-sectional
study of breast cancer survivors, adjusted mean fatigue scores were significantly different
across categories of sitting time, but no significant differences in depressive symptoms were
found (Rogers et al. 2011).

Proposed Biological Mechanisms
A number of biological pathways relating sedentary behavior to the development and
progression of cancer have been proposed, but these are not well understood (Lynch 2010).
An overview of the hypothesized pathways is illustrated in figure 10.4. It is likely that these
proposed mechanisms are interrelated and that the relative contribution of each mechanism
varies by cancer type.

Figure 10.4 Biological model of hypothesized pathways from sedentary
behavior to cancer.

Adapted from Lynch 2010.
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Observational studies are needed for examining associations with biomarkers. How
sedentary behavior may be associated with mechanisms operative in cancer pathogenesis
has only begun to be explored, and there are numerous avenues for enquiry to be pursued.
Sedentary behavior may plausibly be associated with sex hormones, metabolic hormones,
and inflammatory peptides or cytokines. Future research should consider if and how the
effect of physical activity on quality of life is mediated by other molecular pathways,
genetic and epigenetic processes, immune response, the microbiome, and the tumor
microenvironment. Mechanistic understanding could strengthen causal inferences from
epidemiological data, provide insights into gene–environment interactions, and identify
novel drug targets. The following sections summarize the sites for which there is evidence
of an association.

Adiposity
Adiposity may facilitate carcinogenesis directly or through a number of pathways,
including increased levels of sex and metabolic hormones, chronic inflammation, and
altered secretion of adipokines (Neilson et al. 2009; van Kruijsdijk et al. 2009). Convincing
evidence exists that adiposity increases risk of colon, postmenopausal breast, endometrial,
kidney, and esophageal cancers and cancer-related mortality (Reeves et al. 2007; World
Cancer Research Fund and American Institute for Cancer Research 2007; Renehan et al.
2008).
Sedentary behavior and adiposity are consistently associated in cross-sectional studies;
however, results from prospective studies are mixed, with some evidence of bidirectionality
(Lynch 2010). The most recent review of the literature on sedentary behavior and health
outcomes in adults concluded that time spent in sedentary behavior is associated
prospectively with an increased risk of obesity and weight gain (Thorp et al. 2011).
However, a systematic review conducted with a small number of studies meeting rigorous
inclusion criteria concluded that there was insufficient evidence for the relationship
between sedentary behavior and obesity or weight gain (Proper et al. 2011).
Nonetheless, there is a highly plausible and increasingly well-understood mechanism by
which sedentary behavior contributes to adiposity. Time in sedentary behavior generally
displaces time spent in light-intensity physical activity (Owen et al. 2010); such a shift
reduces overall cumulative daily energy expenditure. Displacement of 2 hours per day of
light-intensity activity (2.5 METs) by sedentary behavior (1.5 METs) would reduce activity
energy expenditure by approximately 2 MET-hours per day. For a 70 kg (154 lb) male, this
change in behavior would result in a decrease in daily energy expenditure equivalent to 140
kcal per day and potentially a 0.5 kg (1 lb) weight gain over 1 month. Unstructured
movement and variation in posture have been shown to differ sufficiently between
obese and lean people, explaining differences in weight independent of purposeful
physical activity (Levine et al. 2005; Johannsen et al. 2007).
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Sex Hormones
Exposure to biologically available sex hormones is a risk factor for hormone-related
cancers, particularly breast, endometrial, and prostate cancers (Friedenreich and Orenstein
2002; McTiernan 2008). Sex hormone–binding globulin (SHBG) may also affect cancer
risk by binding to sex hormones, rendering them biologically inactive (Friedenreich and
Orenstein 2002; Neilson et al. 2009). Sedentary behavior may be associated with
endogenous sex hormones through adiposity. In postmenopausal women, the main source of
circulating estrogen is from conversion of androgens within adipose tissue (Lukanova and
Kaaks 2005; Kendall, Folkerd, and Dowsett 2007); hence, adiposity directly influences
levels of total and bioavailable estrogen (Cust 2011). Furthermore, visceral adipose tissue is
important in the production of adipokines, which influence estrogen biosynthesis (Pou et al.
2007). Finally, sedentary behavior may increase blood insulin (see chapter 8), which is
inversely associated with circulating SHBG.
The question of whether or not sedentary behavior directly affects sex hormone levels
has not received much research attention. Only one study has considered the association: A
cross-sectional study of 565 postmenopausal women examined associations of sitting time
with various estrogens, androgens, and SHBG and found no statistically significant
associations (Tworoger et al. 2007). A recent bed-rest study of 20 healthy men observed
short-term increases in serum testosterone levels and sustained decreases in SHBG levels
that were not fully explained by increases in body fat. Although the results of bed-rest
studies may not extrapolate to free-living humans, these findings suggest that the
association between sedentary behavior and SHBG, in particular, warrants further
investigation (Belavy et al. 2012).

Metabolic Dysfunction
Associations between insulin levels and colorectal, postmenopausal breast, pancreatic,
and endometrial cancers have been demonstrated in epidemiological studies, and fasting
glucose levels have been directly associated with pancreatic, kidney, liver, endometrial,
biliary, and urinary tract cancers (Becker, Dossus, and Kaaks 2009). Neoplastic cells use
glucose for proliferation; therefore, hyperglycemia may promote carcinogenesis by
providing an amiable environment for tumor growth (Xue and Michels 2007).
High insulin levels increase bioavailable insulin-like growth factor-I, which is involved
in cell differentiation, proliferation, and apoptosis (Nandeesha 2009). Decreasing blood
insulin levels also results in increased hepatic synthesis of SHBG; hence, insulin indirectly
increases bioavailability of endogenous sex hormones (Kaaks and Lukanova 2001).
Sedentary behavior could plausibly affect metabolic function through increased adiposity
and decreased skeletal muscle mass. The sustained periods of muscular inactivity that occur
during sedentary behavior may reduce glucose uptake through blunted translocation of
GLUT-4 glucose transporters to the skeletal muscle surface (Hamilton, Hamilton, and
Zderic 2007; Tremblay et al. 2010). Although cross-sectional studies mostly demonstrate
significant associations between sedentary behavior and biomarkers of metabolic
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dysfunction, no clear evidence of an association has emerged from the limited prospective
research to date (Proper et al. 2011; Thorp et al. 2011).

Adipokines and Inflammation
Chronic inflammation is acknowledged as a risk factor for most types of cancer
(McTiernan 2008; Neilson et al. 2009). Inflammation may induce cell proliferation,
microenvironmental changes, and oxidative stress, which in turn could deregulate normal
cell growth and promote progression and malignant conversion (Coussens and Werb 2002).
Obesity is considered a low-grade systematic inflammatory state (Lee and Pratley 2005).
Adipose tissue is a complex metabolic and endocrine organ that secretes multiple
biologically active polypeptides known collectively as adipokines (Kershaw and Flier 2004;
Antuna-Puente et al. 2008), including leptin, adiponectin, tumor necrosis factor-α (TNF-α),
and interleukin-6 (IL-6). C-reactive protein (CRP) is an acute phase protein produced in the
liver in response to TNF-α and IL-6 levels; these factors are biomarkers of inflammation.
The release of adipokines may play a central role in the development of insulin
resistance. Both leptin and adiponectin enhance insulin sensitivity through activation of
AMP protein kinase (Antuna-Puente et al. 2008). Further, studies have demonstrated an
interaction between cytokine receptors (such as the IL-6 receptor) and insulin signaling
pathways that leads to decreased insulin signaling (Antuna-Puente et al. 2008). Elevated
levels of adipokines might also increase cancer risk by affecting estrogen biosynthesis and
estrogen activity (Pou et al. 2007).
Few epidemiological studies have linked sedentary behavior with biomarkers of
inflammation. A prospective study examined the association of television viewing time
with leptin and CRP in 468 men. A significant positive association between average
television time (four assessments over 6 years) and leptin was observed; however, no
association was seen with CRP (Fung et al. 2000). Similarly, change in television viewing
time over a 5-year period was not associated with CRP in a sample of 1,001 female
participants of the Australian Diabetes, Obesity and Lifestyle Study (Wiseman et al. 2014).
In contrast, data from NHANES have demonstrated statistically significant cross-sectional
associations between accelerometer-assessed sedentary time and CRP in postmenopausal
women (Lynch, Friedenreich, et al. 2011) and in the broader adult population (Healy et al.
2011).
\qqBegin special element\

Mechanism Questions
How sedentary behavior may be associated with mechanisms operative in cancer
pathogenesis has only begun to be explored. Findings from other scientific disciplines may
provide avenues for inquiry to be pursued by epidemiological studies. For example, animal
studies have identified genes in rat skeletal muscle whose expression is most sensitive to
inactivity. These genes may be involved in the initial muscle adaptation to repeated
episodes of sedentary behavior and in the etiology of diseases for which sedentary behavior
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is a risk factor (Bey et al. 2003). In another animal study, lifelong sedentary behavior in
mice led to accelerated muscle mitochondrial dysfunction and increased levels of
mitochondrial oxidative damage (Figueiredo et al. 2009). Molecular biologists have shown
that mitochondrial dysfunction can lead to oxidative stress, resulting in significant damage
to cell structures, including deoxyribonucleic acid (de Moura et al. 2010). Hence,
mitochondrial function is hypothesized to contribute to neoplastic transformation and
metastasis. Epigenetic modifications represent another plausible, but as yet unexamined,
field of inquiry. A number of cross-sectional studies have demonstrated that methylation is
a mediating factor between health behaviors, such as smoking and diet, and cancer risk
(Lim and Song 2012; Shenker et al. 2013). Studies exploring the possible mediating role of
methylation in the relationship between sedentary behavior and cancer are warranted.
\qqEnd special element\

Summary
As the global burden of disease attributed to cancer continues to rise, identifying methods
to reduce risk and enhance health post diagnosis will become increasingly important.
Cancer represents a major burden of disease in both the developed and developing world; it
is second only to cardiovascular disease in terms of cause of deaths. The majority of
cancers could be prevented through avoiding tobacco products and smoke, maintaining a
healthy body weight, eating a healthy diet, exercising regularly, and limiting alcohol intake.
Sedentary behavior is hypothesized to be another modifiable cancer risk factor that will
provide another intervention point for cancer control. Accumulating epidemiological
evidence suggests that sedentary behavior may increase the risk of colorectal, endometrial,
and lung cancers and possibly of breast and ovarian cancers. Sedentary behavior has also
been implicated with poorer prognosis for colorectal cancer survivors. Additional research
is needed to provide a clearer picture of the role that sedentary behavior plays in cancer
development and progression and to establish whether reducing sedentary behavior is a
viable new cancer control strategy.
\qqBegin special element\

Key Concepts
• Adiposity: The accumulation of adipose (fat) tissue. This term can be used to describe
site-specific accumulation of fat (e.g., central adiposity) or for general body composition
(e.g., high levels of adiposity).
• Inflammation: The response of body tissue to injury, infection, or irritation,
characterized by redness or swelling. Acute inflammation provides protection against
pathogens and stimulates tissue repair. Chronic inflammation may lead to disease,
including cancer.
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• Metabolic dysfunction: The disruption of normal metabolism (conversion of food to
energy on a cellular level). The dysregulation of blood glucose, insulin resistance,
hypertension, and cholesterol abnormalities are examples of metabolic dysfunction.
• Sex hormones: Steroid hormones (androgens, estrogens, progestogens) formed by
testicular, ovarian, and adrenocortical tissue that affect the growth or function of the
reproductive organs or the development of secondary sex characteristics.

Study Questions
1. What are the key limitations of the epidemiological research to date on sedentary
behavior and cancer risk?
2. How might objective activity monitoring be incorporated into studies of cancer risk?
What are some of the logistical issues that might limit the use of accelerometers in
cohort studies?
3. Why might reducing sedentary behavior be a practical strategy for improving health
outcomes in cancer survivors?
4. What other health outcomes might sedentary behavior contribute to in cancer
survivors?
5. Name three potential biological mechanisms that may mediate the association
between sedentary behavior and cancer risk.
\qqEnd special element\

The authors would like to thank Qinggang Wang for the production of the forest plots
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Chapter 11
Sedentary Behavior and Lower
Back Pain
Marco S. Boscolo, PhD; and Weimo Zhu, PhD
\qqBegin special element\
The reader will gain an overview of the scientific background of how sedentary behavior
affects lower back pain. By the end of this chapter, the reader should be able to do the
following:
•
•
•
•

Discuss the association between sedentary behavior and lower back pain
Understand and identify the mechanical causes of lower back pain
Discuss the mechanisms by which sedentary behavior contributes to lower back pain
Explain the mechanisms by which regular core muscle activation reduces the effects of
sedentary behavior
• Review the financial costs associated with sedentary behavior and lower back pain
• Discuss the benefits of leisure-time physical activity as a modality for lower back pain
prevention
\qqEnd special element\
Lower back health is an important consideration for overall health. Without good lower
back health, it becomes increasingly difficult to accomplish many activities of daily living
(e.g., rising from a chair, washing dishes, and dressing) and decreases the likelihood of
participation in physical activity (PA) during leisure time (Heuch et al. 2013). Poor lower
back health can also lead to poor functional ability and even disability. Lower back pain
(LBP) is one of the most significant risk factors that causes millions of lost work days each
year around the world (Ehrlich 2003) and contributes to more than 800,000 disabilityadjusted life years lost annually (Punnett et al. 2005). How has this happened, and what is
the role of prolonged sitting (or sedentary behavior and postures) in the LBP epidemic? As
advances in technology have led to fewer jobs requiring moderate-to-vigorousintensity
physical activity (Manson et al. 2004; Ng and Popkin 2012) and more sedentary jobs, such
as deskbound work, continued increases in sedentary-related disabilities remain on the
horizon. Human spines are not designed to sit for extended periods of time. Sedentary jobs
(i.e., sitting jobs) are stagnant, and do not provide sufficient low-load muscle stimulation
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throughout the day to maintain a healthy spine and lower back. Sitting jobs require less core
muscle activation (CMA) (i.e., muscle contraction) than standing, walking, or carrying
objects. Sitting jobs also place the spine in a flexed posture that promotes issues such as
bulging discs. This posture places more stress on the static (nonmuscular aspects) stability
of the spine.
This chapter discusses the scope of the health hazards of sedentary behavior related to
lower back health. It addresses the association between sedentary behavior and LBP, as well
as the mechanical and psychological stresses involved with prolonged sitting. It also
discusses the benefits of regular physical activity as a means to prevent LBP, and how to
make people less likely to incur a lower back injury.

Lower Back Pain and Its Effects
Lower back pain refers to pain in the lower back due to either an acute or overuse injury
or disease. Pain, which is the perception of discomfort, is caused by disruption of the nerve
endings. Pain is either acute or chronic, and the perception of pain is very individualized
(McCaffery and Pesero 1999). Pain warns us that something is injured or wrong in the body
and reminds us to allow time to heal or to cease an action so as to avoid injury. Pain in the
lower back, and along the nerve roots leaving the lower back, is an indicator of a general
lower back disorder (LBD) (i.e., mechanical disruption due to injury, disease, or genetic
condition). Stuart McGill, a leading spine biomechanics researcher, defines LBDs as
“disabling low back troubles” (2007, page22). Specific LBDs typically have common
mechanisms of injury. In general, LBP is produced when an LBD is sufficient enough to
cause noxious nerve pressure. Lower back pain’s origin then is due to a dysfunction of one
or more of the following: lumbar sacral muscles, soft tissues (e.g., ligament, vertebral discs,
and joint surfaces), or nervous tissue. To simplify the discussion in this chapter, LBP will be
the term used unless the discussion is aided by the use of the term LBD.
LBP affects not only the lower back but also the functional ability of the individual.
Lower back pain can make the simple act of walking difficult (Arendt-Nielsen et al. 1996;
Vincent et al. 2013) and it alters whole-body stability (McGill et al. 2003), both of which
contribute to making someone less physically active (Hendrick et al. 2013). A person with
LBP is also less likely to be able to function at work (Maetzel and Li 2002) and to be
physically active, which together could contribute to sedentary behavior (Hamilton et al.
2008). In general, anyone with poor lower back health will have difficulty functioning
normally in daily life.
Annually, 34 million U.S. adults are affected by LBP (Hootman 2007). Eighty percent of
people have suffered from LBP, and LBP is the fourth most common diagnosis at doctor
visits (Chou 2014). The effects of poor lower back health place a huge burden on society
(Becker et al. 2010), with the main consequences being days of lost work (Dagenais, Caro,
and Haldeman 2008):
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• LBP accounts for 40% of all workers’ compensation claims (Lis et al. 2007), with a total
of $56 billion workers’ compensation paid in the United States in 2004 (Manchikanti et
al. 2009).
• In the United States, 50 to 100 billion dollars are spent by employers for LBP-related
disability every year (Frymoyer and Cats-Baril 1991; Stewart et al. 2003), and 50 billion
dollars are spent by the public alone on LBP (National Institute of Neurological
Disorders and Stroke 2015).
With sedentary behavior’s increasing prevalence (Manson et al. 2004), coupled with
higher medical care costs (Stern 2013) and a greater reporting of disability (Berecki-Gisolf
et al. 2012), the future economic effects of LBP likely will increase.

Spine Anatomy
To fully understand LBP and its causes, a brief description of the anatomy of the spine
and its stability is helpful. Specifically, an understanding of the anatomy of the spine will
help understanding concerning the effects of sedentary behavior on LBP.
The spine is fundamental to the body’s health. The spine permits the extremities to work,
protects the central nervous system, allows for locomotion, and incorporates the
musculoskeletal system in intricate patterns to produce torque, stability, and function.
Ideally, the spine is relatively straight when viewed from behind (figure 11.1) and has three
curved sections when viewed from the side. For a more complete understanding of spine
anatomy and mechanics, the authors suggest reviewing a basic anatomy text and an
advanced spine mechanics text (McGill 2007). Together the spine, rib cage, and pelvis form
the foundational base for core of the body, which protects organs and nervous tissue. In
between the bones of the spine (i.e., vertebra) sit intervertebral discs, which can be
compressed with prolonged sitting in flexed spine posture. If these nerve roots become
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compressed through swelling, vertebral disc bulging, or bony compression, pain and
dysfunction can result at the lower back and along the leg.

Figure 11.1 Bony anatomy and regions of the spine.

Spine Stability
For the purpose of understanding the effects of sedentary behavior on LBP, it is helpful to
have a basic understanding of static (nonmuscular) and dynamic (muscular) spinal stability
as they relate to LBP. Static stability refers to the support provided by the thick ligaments
surrounding the spine, the vertebral discs, the facet joints, and the vertebral bones
themselves. Dynamic stability refers to the neuromuscular control of the 20-plus muscles of
the core (i.e., primarily the lower torso muscles). Without dynamic stability, the spine
would quickly fail. Dynamic stability is a learned pattern that starts at birth. Infants’
dexterity and stability are very limited, and their movement patterns look like those of a
giant sea monster in classic sea-faring movies attacking a boat with its tentacles in that their
arms and legs are flailing everywhere. As the child develops, the body learns to maintain an
upright posture, to walk, and then to lift and move objects. These movements require
complex coordination of the neuromuscular system and sufficient muscle strength.
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Each of these movement patterns—walking, lifting a box, throwing a ball, rising from a
chair, or pushing on an object—requires complex coordination of the core muscles. Without
this coordination, spine stability can easily become compromised. The core muscles that
encompass the spine act to provide stability during different body movement patterns. The
core muscles do so dynamically by varying contraction patterns and contraction lengths as
the body moves. The stiffness of the spine and core muscles can be thought of as forming a
platform from which the body operates. The core muscle’s function is similar to that of the
support wires on masted sailing ships, which attach the hull of the ship to points along the
mast, act to broaden the base of stability, and transfer force from the sails to the ship to
provide directional movement. Similarly, the core muscles attach to the pelvis and the
horizontal processes (e.g., the vertebral bodies’ bony processes and ribs) to facilitate
movement by more complex and intricate neuromuscular patterns. If one of the wires (or
muscles) is not working properly, the mast (or spine) becomes less efficient and more prone
to failure or injury.
The neutral spine—a spine with neither too much curvature anteriorly or posteriorly and
very little rotation, flexion, or extension—is capable of bearing significant weight and
resisting torque without injury (Cholewicki and McGill 1996). No one perfect spinal
posture exists. Each person has their own ideal neutral spine. Whenever the weight or
torque applied to the spine is too great, or if the spine is positioned outside its best neutral
position, there is a greater risk for injury. Positions outside the neutral spine posture, as
when the spine is rotated, reduce the spine’s ability to bear weight by 50% (Aultman et al.
2004). Biering-Sørensen (1984) showed that risk indicators for lower back trouble were
weak trunk muscles and increased spine mobility, also known as spine instability.
A good visual example of stability of the spine is the stout empty soda can. If the walls of
the soda remain undamaged, it can bear a reasonable amount of downward force. But if one
side becomes dented, the stability of the can is compromised and its ability to bear a
downward force is decreased, and the soda can will be crushed. Although the human spine
mechanically operates differently than a soda can, a similar principle applies. Decrease the
stability of the spine by flexing, extending, or twisting the lumbar spine too far out from its
margin of stability, and it becomes unstable and less capable to withstand downward force.
It is the unstable spine that is more likely to become injured and lead to LBP. A common
view about the mechanics of human joint stability is that with increased mobility comes an
increased chance of injury. This is very true for the lower back static structures, which have
a low margin of error before the probability of tissue failure increases (Cholewicki and
McGill 1996; Tanaka et al. 2001). This potential for injury is compounded in sedentary
people. Compromised lower back dynamic muscle support is found in the injured or people
with insufficient core muscle strength. For normal daily activities like walking and sitting
erect, only a moderate amount of CMA—actually only 10% of CMA (Escamilla et al.
2010)—is needed to stabilize the lumbar spine; higher demand activities require a much
higher percentage of CMA.
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Known Risk Factors of Lower Back Pain
Many factors have been found related to lower back pain, including aging, genetics,
occupation, sedentary lifestyle, excess weight, poor posture, pregnancy, and smoking.
These factors have been well described in systematic reviews or meta-analyses (Kwon et al.
2011; Ribeiro et al. 2012; Roffey et al. 2010; Taylor et al. 2014). Only a few selected
factors are briefly described in this section.

Disuse and Deconditioning
Historically, humans had to move on a regular basis to survive and procure food, shelter,
and safety. With modern conveniences, humans do not need to move as much; thus, muscles
are used less (Owen et al. 2010). This leads to the situation where people can become
deconditioned unless they actively engage the core muscles either through sufficient
activities of daily living or purposeful exercise. LBP is further exacerbated in sedentary
people with a compromised ventilatory system (McGill, Sharratt, and Seguin 1995); healthy
ventilation is important to PA. People with compromised ventilatory systems fail to use
their diaphragm efficiently, which results in their using their core muscles to help them
breathe, especially the erector spinae muscles. Spinal extension helps facilitate inspiration.
However, increased activation of the erector spinae muscles also increases compression of
the intervertebral discs, leading to increased LBP and perpetuating the cycle of pain and
disuse. What is needed is regular conditioning of core muscles through nonfatiguing
activity.
Nonfatiguing activity relates to nonsedentary behavior such as walking, washing the
dishes, vacuuming, carrying groceries, and gardening, or a combination of nonfatiguing
activities done regularly throughout the day. Regular nonfatiguing activities help condition
the muscles. This then helps increase dynamic stability, which makes people more resistant
to injury. According to Handrakis and colleagues (2012), regular nonfatiguing activities
help college-age students avoid LBP. They showed that core muscle endurance strength was
lower in sedentary college students with LBP compared to college students who were more
active. The key message here is that being more active leads to greater muscle conditioning
and aids in the maintenance of dynamic stability.

Obesity and Body Mass
A higher body mass index (BMI) is associated with more sedentary behavior (Heuch et
al. 2013), more disability, and more pain symptoms than in the nonobese (Fanuele et al.
2002), as well as a higher prevalence of LBP (O’Sullivan et al. 2011; Strine and Hootman
2007). The relationship between higher BMI and sedentary behavior is circular concerning
LBP. Sedentary behavior associated with higher BMI leads to muscle disuse; with muscle
disuse, dynamic lower back stability is likely to decrease. This decrease is from not only
core muscle disuse but also the disuse of other transfer muscles in the lower extremity, such
as those of the hip, thigh, leg, knee, ankle, and foot. Properly conditioned core muscles
stiffen the spine to keep it in a neutral posture while the body moves. Strong hip extensors
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function to extend the hips, which keeps the trunk erect during functional activities.
However, with greater body mass to move relative to muscle mass, the dynamic support
system can become compromised.

Environment Effect
How someone moves or sits is directly related to the environment. When motorized
means are used for transportation, there is an increase in sitting time as opposed to
physically active transportation such as walking or biking. By doing more regular
physically active tasks, we are able to condition the core muscles by practicing CMA in
different neuromuscular patterns. Opening a door requires the body to generate torque.
Walking with groceries in one hand requires us to maintain an upright posture and breathe
from the diaphragm while counterbalancing the grocery bag’s weight with the core muscles.
Pushing a heavy cart in a factory requires the core muscles to brace the spine in order to
apply force to the cart through the upper body. Less core activity is required for sedentary
activities such as driving and sitting at a desk. Activities like walking, one of the easiest
forms of PA, have been shown to be a factor in the prevention and treatment of LBP (Nutter
1988), and fast walking has been shown to increase core stiffness (Kubo et al. 2006) and be
more therapeutic over slow walking (Callaghan, Patla, and McGill 1999).
\qqME: Start marketing excerpt 3\

Relationship Between Lower Back Pain and
Sedentary Behavior
Sedentary behavior is defined as too much sitting; it is different from inactivity, which is
a lack of moderate-to-vigorous intensity activity (Owen et al. 2010; see also chapter 1 of
this book for more information). Prior to this new definition, sedentary behavior also
included inactivity or little to no PA (Owen and Bauman 1992). Sedentary behavior and
inactivity reflect specific metabolic values used to establish what type of PA a person is
doing at any given time. According to Owen and colleagues (2010), metabolic equivalents
for sedentary behavior fall in the area of approximately 1.0 to 1.5 METs and inactive
behavior falls in the area of approximately 1.6 to 2.9 METs. Knowing the metabolic
demands of sedentary behavior versus inactivity helps researchers identify behaviors that
are related to metabolic disease. The new definition of sedentary behavior is more
appropriate in that it reflects a public health need to reduce sitting time for general health
reasons (Salmon et al. 2011), but it could underrepresent injurious sitting behaviors that
lead to LBP. This is because knowing the metabolic demands of sedentary behavior and
inactivity does little to help in the understanding of LBP. Instead, understanding the
physical positions and environments people are in for extended periods is more important
when studying LBP.
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Increased Sitting Behavior
People today are sitting more and for longer durations than ever before. There are now
many more opportunities and reasons to sit at home and at work, largely due to technology.
Watching TV, cruising the Internet, or playing a video game are all sedentary activities in
which the spine is usually not held in proper postures. The U.S. Department of Labor
(2005), for example, estimates that 77 million people use a computer at work daily in 2003.
Currently, 92% of Americans use computers, 81% use them at home and 68% at work, and
68% find computers essential to their work (Gilkey 2014). In the last 20 years, computer
use in the home, which primarily requires sitting, has increased from approximately 8.2% to
75% (File 2013).

Prolonged Sitting and Health
Sitting, the most common sedentary behavior affecting lower back health, is a serious
health hazard (Hamilton et al. 2008). The health risk of sitting was in fact noted more than
300 years ago by Bernardino Ramazzini, an Italian physician and the father of occupational
medicine. Ramazzini (2001) identified prolonged sitting as bad for health because it causes
the spine to permanently deform and produces LBP. He also indicated PA and good posture
as medicine for sitting, or sedentary, behavior.
Sitting-related injuries of the lower back are thought to be the result of long-term passive
tissue strain that is caused by prolonged sitting with a flexed spine. The flexed spine posture
results in passive tissue creep (Jackson et al. 2001). As Ramazzini said in reference to
prolonged sitting, “the outermost vertebral ligaments are kept pulled apart” (2001, 1380).
Passive tissue creep is a result of mechanical stress placed on the spine’s ligaments and
discs that causes the ligaments to elongate and the discs to compress where they are
stressed. Compressed spinal discs and joint surfaces lose their hydraulic support capability
when they remain in a fixed position for an extended period of time. Prolonged sitting
compromises the static stability of the lower back, decreases spine stability, and increases
the risk for injury (McGill and Brown 1992). When people with an unstable spine, either
due to injury or temporary spinal instability due to prolonged sitting in a flexed spine
posture, are asked to perform tasks such as picking up a light object on the floor by bending
the spine but not the hips or lifting a heaving object without good lifting mechanics, they
are at an increased risk for injury to the ligaments and discs of the lower back (Little and
Khalsa 2005; McGill and Brown 1992; Twomey and Taylor 1982). Mechanically,
prolonged sitting and the back do not have a healthy relationship.
Another key factor to having a healthy lower back is to unload the spine with opposite
loading activities. Opposite loading provides a release of compression on one side of the
spine and tension on the other side. It reduces and helps ameliorate the tissue creep caused
by sitting with a flexed spine posture. McGill (2007) provides a good example of how
technology has led to an increase in LBD and why opposite loading activities are important
for reducing the effects of sedentary behavior. Prior to the redesigning of a power plant, the
control room where the engineers sat and monitored equipment, there was no history of
reported LBP because the engineers needed to stand every 10 minutes to press a vigilance
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buzzer. After the control room received a technological upgrade, engineers no longer had to
stand to push the vigilance buzzer during their 12-hour shifts. Subsequently, they started
reporting lower back problems.
Two key points emerge from this example. The first is that the design of the old
engineering control room forced the engineers into an opposite loading activity, which is
important when considering overuse injury and spine stability. The engineers’ need to stand
brought their flexed spine into a neutral spine posture. They had to do this nonfatiguing
activity, which provided more CMA than sitting at a computer, on a regular basis
throughout the day. The second key point is that the nature of these engineers’ work was
sedentary, and these types of jobs typically have a larger proportion of people who are
categorized as either overweight or obese. Given that the engineers in both the old and new
control rooms were most likely in this category of worker and given their apparent waist
girth (see figure 11.2), the key factors between having and not having a LBD could be
directly attributed to the amount of regular nonfatiguing PA and opposite loading activities
engaged in on a daily basis.
\qqME: End marketing excerpt 3 here, do not include figure\

263

Figure 11.2 Comparison of work environments: noncomputerized and
computerized.

Other studies have shown that poor sitting posture can lead to LBP (Lis et al. 2007),
disuse of core muscles (Nocera et al. 2011; Tomlinson et al. 2014), and tissue damage due
to unequal vertebral disc pressure (McGill and Brown 1992; Tanaka et al. 2001). Recent
inactivity physiology research also strongly suggests that sedentary behavior could lead to
disability (Dunlop et al. 2014). Disability due to musculoskeletal disorders has increased
45% compared to an average increase of 33% for all other diseases combined and is largely
attributed to an aging population, obesity, and lack of PA (Bone and Joint Decade 2012).
Among the 291 conditions studied by Hoy and colleagues (2014), LBP was found to be the
leading cause of disability. The prevalence of LBP was about 31% of the population
worldwide. In older adults, it has been shown that for every hour spent sedentary, the risk
for becoming disabled increases by 46% (Dunlop et al. 2014). Poor sitting posture, as
discussed here, does not promote good lower back health.

264

It should be noted that up to this point, the empirical evidence on an association between
LBP and prolonged sitting, collectively, has not been consistent. A systematic review by
Chen and colleagues (2009) could not find any systematic evidence showing that prolonged
sitting was associated with LBP. The authors suggested that a potential reason for this lack
of association is that the included studies (n = 15) lacked a good measurement of
cumulative load over one’s lifetime. That is, the cumulative load from sitting may reach a
threshold at which injury occurs, and the current evidence does not identify this exposure.
A systematic review by Proper and others (2011) also found no association between LBP
and prolonged sitting. These authors also questioned the ability of the studies included in
their systematic review to capture the causal relationship between sedentary behavior and
LBP. However, ample justification exists for the continued study of the association between
sedentary behavior and LBP. Because work is becoming increasingly sedentary, it can have
a negative effect on health. Mechanically, it has been shown that the stability of the lumbar
spine is compromised during prolonged sitting, thus contributing to compromised core
stability (Howarth et al. 2013).

Sedentary Behavior and Inactivity
It should be pointed out that sedentary behavior and inactivity could also promote body
positions and environments that can lead to LBD and LBP. These positions and
environments include lying down, sitting, sitting in vibratory environments (such as a car),
and standing. For the purpose of referencing standardized positions and environments, the
Physical Activity Compendium (Ainsworth et al. 2011) lists several PA categories, their
accompanying MET values, and a description of the activity. Several of the compendium
activities that fall in either the sedentary behavior or inactive MET categories, as outlined
by Owen and colleagues (2010), describe lying down, sitting, and standing activities. The
lying-down activities (typically around 1 MET) do not lead directly to LBDs except for lack
of CMA in these positions, which can lead to core muscle disuse and deconditioning. The
latter two activities, if prolonged, can contribute to decreased spine stability. The sitting
activities typically range in MET values from 1.3 (“sitting quietly and watching television”)
to 2.5 (“mowing lawn, riding mower”). Sedentary-related behaviors in occupations such
police work (i.e., driving a squad car) have a MET value of 2.5. Only a few standing
activities in occupations fall below the inactivity threshold of 2.9 METs. These include a
police officer directing traffic (2.5 METs) and road construction worker directing traffic
(2.0 METs). Standing itself does not typically lead to lower back pain unless the person
stands with a stooped posture for an extended period or has lingering LBP from a prior
injury that is aggravated by standing. Standing with bad posture can increase contraction of
erector spinae muscles (i.e., the erector spinae muscles attach along the sacrum and
posterior spine). When contracted, this muscle group extends the spine. This contraction
prevents forward slippage of one vertebra onto another and pulls together adjacent
vertebrae to increase spinal stiffness, which consequently also increases intervertebral disc
pressure, provoking nerve pain. The key here is use regular and varied movement to combat
the static postures of sedentary behavior.
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Prevention of Lower Back Pain
In theory, preventing most spinal injuries is easy. Use correct mechanics when moving
and lifting (i.e., maintain a neutral spine) and always engage the correct muscles while
lifting. Note here that other lifting postures, such as allowing the spine to flex while lifting
an object from the floor or stooped lifting, are also viable lifting techniques; however, the
stooped lifting technique can lead to dramatic vertebral shearing forces (see McGill 2007
for further discussion). Considering that LBP is the leading cause of referral to a physician’s
office (Debono, Hoeksema, and Hobbs 2013), perfect back use is obviously not occurring in
the context of everyday life, and no injury can be prevented entirely. Many jobs demand us
to work while in specific postures and repeatedly use our bodies for specific duties
throughout the workday. In sitting jobs, often there is no choice but to sit, such as a bus
driver who must sit and drive. According to the U.S. Department of Health and Human
Services (2008), reducing sitting time helps reduce metabolic diseases such as heart disease,
diabetes, and stroke. The real solution to reducing the incidence of LBP is to stand more
and be more active throughout the day. As mentioned earlier, standing every 10 minutes
was sufficient to alleviate the effects of prolonged flexed spine posture, moving every 20 or
30 minutes may suffice.
Sitting can lead to the shortening of the hamstring and hip flexor muscles (McGill and
Brown 1992). Tight hamstrings and hip flexors, however, are not the cause of LBP
(Johnson and Thomas 2010; Koley and Likhi 2011; Nourbakhsh and Arab 2002), although
they may be present in people with LBP. Rather, it is a person’s activities and habits that
lead to LBP unless other diseases are present, such as osteoporosis (Hoozemans et al. 2012;
Jones, Pandit, and Lavy 2014) or cancer. Normal body mechanics include standing and
sitting with good posture and lifting an object from a low elevation (such as knee level).
Picking an object up off the floor with a neutral spine requires a higher degree of hip range
of motion (ROM), which is limited by genetics and age. Hip ROM lessens with age.
Recognizing their reduction in ROM, older adults are then more likely to use static support
of the spine and hamstrings to pick an object up from the floor and rise from a chair.
Activities like regular gardening, moderate manual labor, walking, and carrying weights
(e.g., grocery bags) can help influence normal muscle length and good posture as long as a
person becomes self-aware of posture, develops sufficient core endurance muscle strength,
and uses good lifting habits.
In addition, the benefits of regular CMA also translate to a stronger and more stable core.
A stronger core aids in preventing future LBD (Steele, Bruce-Low, and Smith 2014) and
enhances distal limb (i.e., hip, knee, and ankle) stability (Pfile et al. 2014). This added distal
limb stability helps prevent fall-related injury and aids in general functional ability. With
increased ability and stability in the aging population, greater independence can be
maintained further into the life span.
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Habits
Several strategies can help alleviate possible LBP, such as standing and contracting the
posture muscles regularly throughout the day (i.e., standing in a “champion” posture with
hands over the head and contracting the posterior muscles), consciously practicing better
posture, sitting in a neutral spine position, rising from a chair properly, and using correct
lifting technique. The final strategy includes lifting the body correctly when transitioning
from sitting to standing and moving or lifting a heavy box correctly using the hip extensor
muscles (e.g., gluteus maximus) instead of the back extensors and hamstrings as the
primary movers. Often people transition from sitting to standing by pitching their upper
torso forward over their knees and then contracting their spinal extensors and hamstrings in
order to achieve an upright posture. This repeated pitching forward motion is challenging
for older adults (Bohannon 2012) due to age-related loss in muscle mass and for obese
people (Galli et al. 2000) because of extra upper-body mass. Instead they use a transition
strategy with flexed spine posture that causes the lumbar curve to flex into a flattened
posture, causing anterior compression of the lumbar vertebral discs, which forces the fluid
material of the disc to push posterior. Movement of fluid then predisposes them for a
posterior bulge injury. A better strategy is to transition to standing by holding the trunk
upright while engaging the hip extensors and assuming a wide base with the feet.
The best way to sit and what to sit on remain a matter of debate (see chapters 4 and 26);
however, many experts will agree that the best sitting posture is the next one (O’Sullivan et
al. 2012). This means adjusting your sitting posture often throughout the time spent sitting.
The body will not tolerate being stagnant for extended periods of time. The human body is
homeostatic. It thrives on frequent and varied movement. Without movement, the body
tissues would not receive intra- and extracellular fluid, nutrients, and blood flow with which
to replenish energy. Most lower back injuries are believed to occur as a result of long-term
poor body mechanics that eventually lead to tissue failure (Callaghan and McGill 2001).
Additional causes, however, include traumatic events (e.g., falling or car accidents).
Conversely, practicing good body mechanics on a daily basis leads to a healthier lower back
(O’Sullivan et al. 2011).

Occupational Sedentariness
Sedentariness has increased in the workplace and contributes to unhealthy behavior and
obesity (Luckhaupt et al. 2014). Occupational-related LBP occurs not just in sedentary
professions, but also in positions that require repetitious or prolonged activity (Walsh et al.
1989) in spine-compromising postures or movement patterns. Sedentary jobs place the
worker in a seated posture for extended periods of time (McGill 1997; Videman, Nurminen,
and Troup 1990). More bulged disk–type injuries are found in sitting jobs (Lis et al. 2007).
Prolonged sedentariness in itself can contribute to age-related sarcopenia and obesity
(Nocera et al. 2011). Conversely, active heavy jobs can also have a variety of occupational
stresses, including prolonged or repeated bending over, heavy lifting, and heavy pushing or
pulling at odd angles and under heavy loads. An active heavy job that requires flexion and
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extension, or prolonged disc compression, can predispose workers to vertebral shear injury
and disc compression injury.
Sedentary types of jobs have been shown to play a role in shortening the time to the first
episode of LBP and increasing one’s risk for obtaining a LBD. A good example, as first
demonstrated in McGill’s 2007 book, is the comparison between two large occupational
epidemiology studies. These studies showed that nurses reported fewer lower back injuries
(53.3%) compared to police officers (59.5%), even though their job is more demanding
throughout the day and requires a variety of physical activities (Burton et al. 1996; Burton
et al. 1997). Irish police officers, the focus of one of the studies, who wore an 8.4 kg (18.5
lb) body armor vest (thus placing a larger load on their upper body) and sat in a vibratory
environment more often had a shorter time period before first reporting of LBP (Burton et
al. 1996). Burton and colleagues (1996) also showed that English police officers who did
not wear body armor vests had a longer time period until their first report of LBP. An
association could be made that the higher load borne by the Irish police officers was similar
to the increased load borne by overweight and obese people. Also, the physical position in
which police officers worked for extended periods (i.e., sitting) and the environment (i.e., in
a vibrating vehicle) might be the mechanisms leading to an injury compared to a nurse,
whose job is more upright in physical position, variable throughout the day, and less
sedentary.
Keep in mind that LBP is not entirely a sedentary issue. Overuse or injury of the lower
back can also lead to LBP, which can lead to sedentary behavior after being injured. For
example, a roofer and a desk worker can both have LBP after a long career. The roofer has
a job that is classified as very heavy and the desk worker most likely has a job classified as
sedentary to light (Matheson 2003). As mentioned previously, the nature of the job has a
heavy influence on the type of LBD—spinal stenosis, disc bulge, or vertebra fracture.
Finding the optimal balance between regular use of the core muscles and using the right
back or movement mechanics, while not overstressing the spine, is key for maintaining
optimal lower back health throughout the life span.

Leisure-Time Physical Activity
Leisure-time physical activity (LTPA) appears to have a positive influence on making
people more resistant to LBP (Cady et al. 1979; Leino 1993; McQuade, Turner, and
Buchner 1998), although it has the potential for causing musculoskeletal injury (Hootman et
al. 2002). LTPA appears to facilitate a cross-training effect. For example, Stevenson and
colleagues (2001) found that factory and construction workers who partook in personal
fitness were less likely to incur LBP. Pinto and others (2014) found that highto-vigorous
intensity LTPA had a positive effect on a group of LBP sufferers in reducing the rate of
reported pain and disability compared to a sedentary group. The likely lower back
protective mechanism from LTPA is that it helps facilitate muscle activation patterns that
are different from the movement patterns imposed by work, thus bringing the stability of
the spine back into balance. How much PA is needed to provide a protective mechanism is
not yet clearly understood. A dose–response relationship of the ideal amount of LTPA

268

relative to someone’s work may be apparent from both jobs classified as both sedentary and
heavy labor.
Care, however, must be taken when transitioning from a sedentary to an active lifestyle.
An inappropriate increase in PA can not only lead to LBP, but it might also exacerbate
current LBP symptoms in those using PA as a means to reduce LBP symptoms (Hootman et
al. 2002). Many sedentary people show up at their doctor’s office with orthopedic injuries
due to doing too much PA too soon in their attempt to transition from a sedentary to an
active lifestyle. Some have tried commercialized fitness programs like P90X or CrossFit,
which are high impact, high intensity, and accelerated routines designed for already active
people. Sedentary people who use these kinds of programs can more easily become injured
because their bodies are not ready for such demanding PA programs. People characterized
as sedentary, especially older adults, initially may find decreasing time spent in sedentary
behavior to be a more attainable goal than increasing moderate-to-vigorous intensity PA
right away (Dunlop et al. 2014; Hootman et al. 2002).
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Workplace Physical Activity Programs
Sitting is a serious health hazard (Hamilton et al. 2008), yet its prevalence in society
appears to be increasing. Although a strong relationship between sedentary behavior and
LBP has not yet been demonstrated, people in sedentary jobs continue to experience LBP
from sitting too much. If sedentariness-related LBP is to be reduced in the future, workers
and those who manage work environments need to place greater emphasis on practicing
regular PA that unloads the spine and taking ample breaks from sitting that encourage
nonfatiguing CMA.
When designing PA programs for those transitioning from a sedentary to active lifestyle,
proper selection of exercises should include exercises for the lower back that are solid,
evidence based, and biomechanically sound (McGill 1998). A variety of general
transitioning programs exist for people moving to an active lifestyle, but we still do not
know the exact dose–response of how much initial PA is too much PA or the exact amount
of opposite loading activities required for achieving optimal lower back health (McGill
2007). Dose–response studies with humans are difficult to conduct due to the cost
associated with studying the many combinations of factors typically found in these studies
and because human variability influences study consistency, thus inflating the number of
participants needed. Boscolo (2013) provided a design of experiment solution for humanbased optimization studies that explored just a fraction of the possible factor combinations
required in order to reduce study cost and resources, yet still effectively estimated the
optimal outcome, making this once seemingly impossible study possible.
\qqEnd special element\
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Summary
The recent history of LBP largely reflects the sedentary behavior of sitting. Prolonged
sitting in static postures leads to lumbar instability through muscle disuse and ligamentous
tissue creep. This instability sets people up for increased LBDs and LBP, which can result
in disability. The epidemiological evidence has yet to show a strong causal relationship
between LBP and sedentary behavior, but ample biomechanical studies and exercise studies
show the benefit of regular PA and good spine mechanics concerning LBP. The selection of
exercises for PA addressing LBP should be based on sound biomechanical evidence of the
tissue stresses being placed on the spine during various body postures and exercise
activities. Selection of the correct exercises for LBP interventions or LBP and injury
prevention programs are crucial for successful outcomes and for the safety of the
participants.
\qqBegin special element\

Key Concepts
• Core muscle activation: The contraction of the core muscles to support spine stiffness.
• Lower back disorder: Any dysfunction in the lower back that produces lower back pain
and disability.
• Opposite loading activities: Any activity that unloads prolonged tension on human
tissue; flexed spine posture is best relieved by assuming an opposite posture of standing
erect.
• Optimal loading: The amount of regular physical activity required for maintaining
lower back health; regular nonfatiguing core muscle activation.

Study Questions
1. How does regular core muscle activation help stabilize the spine?
2. What positions are the lower back and spine typically placed in while sedentary?
3. What type of activities help prevent lower back disorders and pain?
4. Describe the mechanism by which posterior disk pressure is ameliorated while
transitioning from sitting to standing.
5. How does sedentary behavior increase the odds of someone incurring lower back
pain?
6. In what position is the spine most stable?
7. What is the recommended progression for a sedentary person to become more active?
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Part III
Measuring and Analyzing
Sedentary Behavior
For research on sedentary behavior and health, high-quality measures are essential. Thus,
the five chapters in part III, taken together, address measuring and analyzing sedentary
behavior comprehensively. Both conventional approaches in measuring sedentary behavior
and future possibilities are covered.
In chapter 13, Barbara Ainsworth and colleagues deal with the assessment of sedentary
behavior using questionnaires. The majority of epidemiological evidence on sedentary
behavior and health—as addressed in the preceding chapters in part II—comes from studies
in which the relevant sedentary behavior exposures have been assessed using questionnaire
methods.
Following Ainsworth’s account of established measurement fundamentals in Chapter 13,
we have three chapters that deal with the cutting edge of development in measurement
technologies relevant to sedentary behavior, none of which—as the authors would readily
acknowledge—in any way negate the importance of the self-report methodologies
described in chapter 13. Self-reporting remains the mainstay of capturing behavior in
context and allows important aspects of behaviors to be characterized and taken into
account. In understanding the determinants of sedentary behavior and in developing
interventions, high-quality self-report–derived data remain crucial aspects of the research
agenda. Understanding the contexts, purposes, and functions of sedentary behavior is
particularly important in the development and evaluation of interventions, as is addressed
subsequently in the chapters that make up part V.
New and emerging measurement technologies provide exciting opportunities for
sedentary behavior research. In chapter 14, Kong Chen and Richard Troiano address the
assessment of sedentary behavior using motion sensors, providing fascinating insights into
the technology involved and the potential of small-scale powerful unobtrusive devices for
capturing huge volumes of data in population-based studies in assessing the outcomes of
intervention and for a plethora of other research purposes. In chapter 15, David Bassett and
Dinesh John provide a comprehensive overview of assessing sedentary behavior using
physiological sensing devices; this chapter illustrates the large number of behavioral,
biological, and functional dimensions that can now be characterized through the use of new
and rapidly evolving device-based capacities. Dinesh John goes further down this
captivating new technology-capacities track with Stephen Intille in chapter 16, dealing with
the assessment of sedentary behavior using new technology. Small-scale devices with
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impressively functional sensing, data-storage, and data-transmission capacities provide
numerous opportunities for innovative research to characterize sedentary behavior,
behavioral change, and relationships with important health outcomes.
Part III provides compelling illustrations of the technology-driven sensing, dataacquisition, storage, and transmission capacities that are now available for sedentary
behavior research. However, all data must eventually become information. In chapter 17,
Weimo Zhu addresses psychometric issues in analyzing data on sedentary behavior. He
provides strong guidance for students and researchers, highlighting the importance of
reflection on the meanings to be extracted from data and the new methods being developed
for doing so.
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Chapter 12
Sedentary Behavior and
Psychological Well-Being
Stuart J.H. Biddle, PhD; and Stephan Bandelow, PhD
\qqBegin special element\
The reader will gain an overview of the evidence for associations between sedentary
behavior and psychological well-being. By the end of this chapter, the reader should be able
to do the following:
• Appraise the evidence for associations between sedentary behavior and various
psychological indicators of well-being, including depression, health-related quality of
life, and cognitive functioning
• Discuss how different types of sedentary behavior may be differentially associated with
psychological well-being
• Discuss possible explanations for any associations between sedentary behavior and
psychological well-being
• Understand how reverse causality may be in operation for some or all of these
associations
\qqEnd special element\
Psychological well-being can be seen in the context of both the treatment of mental illhealth and the enhancement of normal states of well-being into higher levels of mental
health. It is also multidimensional, with aspects of mental health comprising generalized
mood states, emotions, and core affect (see Ekkekakis 2013a), as well as specific conditions
such as depression, anxiety and stress, and self-esteem. In addition, more functional aspects
of our mental health are evident through cognitive performance and cognitive decline.
Although we all seek good mental health and higher states of well-being, it has been poor
mental health that has been the focus of a great deal of research and, indeed, public health
concern. Mental illness is widespread. The World Health Organization has estimated that
unipolar depression will be the second most prominent cause of disease burden across the
world by 2020 (Murray and Lopez 1997). An analysis of the public health effects of chronic
disease in 60 countries concluded that depression produces the greatest decrement of health,
ahead of angina, arthritis, asthma, and diabetes (Moussavi et al. 2007). The prevalence of
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mental illness in the UK is 230 per 1,000 referrals to primary care services, and 1 in 6
adults living in the UK reports some kind of neurotic disorder such as depression, anxiety,
or a phobia.
The prevalence of cognitive impairment is rapidly increasing as the population ages.
About 820,000 people in the UK have dementia, and 98% of those are over the age of 65
years. In high-income countries, Alzheimer and other dementias are predicted to be the
seventh leading cause of death and the third leading cause of morbidity (disability-adjusted
life years) by 2030 (Mathers and Loncar 2006). Mental illness is as common as high blood
pressure and much more common than heart attacks and strokes. Its treatment requires 17%
of all health care expenditure, and mental and behavioral disorders now account for more
incapacity benefit claims than musculoskeletal problems such as lower back pain
(Henderson, Glozier, and Elliot 2005). Large economic costs are associated with mental
illness, and mental health conditions are also an important cause of absence from work.
Mental health, therefore, is not a trivial issue. It is a key part of public health, and many
forms of prevention and treatment have been studied. For centuries, humans have reported
positive psychological effects of being physically active. Over the past few decades, there
has been an explosion of research investigating many aspects of physical activity and
mental health (Ekkekakis, 2013b). Despite challenging methodological issues, evidence
clearly points to an association between higher levels of physical activity and lower
depression and anxiety (Mutrie 2000; Rethorst, Wipfli, and Landers 2009; Wipfli, Rethorst,
and Landers 2008); more positive feelings of self-esteem (Spence, McGannon, and Poon
2005), especially physical self-worth (Fox 2000); higher perceptions of quality of life
(Rejeski, Brawley, and Shumaker 1996); and better cognitive functioning (Colcombe and
Kramer 2003; Hamer and Chida 2009). The majority of studies have been conducted with
adults, but evidence is also available showing similar effects in young people (Biddle and
Asare 2011).
As is clear from the burgeoning literature on sedentary behavior, and this book of course,
sedentary behavior encompasses a set of behaviors that involve sitting or reclining and low
energy expenditure (Newton et al. 2013; Sedentary Behaviour Research Network 2012).
Sedentary behavior is not the same as low levels of physical activity; this is defined as
being physically inactive. This begs the key question: Do mental health effects exist that
stem from high levels of sedentary behavior? In this chapter, we summarize evidence
concerning sedentary behavior and psychological well-being. We attempt to focus on
sedentary behavior, but because the study of sedentary behavior and mental health is new,
we will sometimes need to refer to studies that focus primarily on physical activity.
However, this is not a chapter on physical activity and mental health—there are many of
those (see Ekkekakis 2013b). We focus on studies where the exposure variable of interest is
sedentary behavior and the outcomes are facets of psychological well-being. We address the
outcomes of depression, cognitive functioning, and other domains of psychological wellbeing, such as quality of life. It is important to state before we review evidence that
sedentary behavior research in the mental health domain is quite new, and is still testing
associations using primarily observational (cross-sectional) studies. It is clear that such
designs cannot conclude about causality. Indeed, they are open to the interpretation that
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where sedentary behavior is associated with better or worse mental health, this may be
explained through the notion of reverse causality—that is, for example, where those with
poor mental health choose to be more sedentary.
\qq\Start marketing excerpt 4 Sedentary Behavior and Depression here\

Sedentary Behavior and Depression
Teychenne, Ball, and Salmon (2008) conducted a systematic review on depression and
sedentary behavior in adults. Seven observational (5 cross-sectional and 2 longitudinal) and
four intervention studies were included. Of the observational studies, 6 of 7 showed a
positive association between sedentary behavior and depression; that is, higher sedentary
behavior was associated with greater depression. The other study also showed this for time
spent surfing the Internet, but reported negative associations for depression with hours spent
e-mailing and using chat rooms. This suggests that the type of sedentary behavior may be
an important moderator of any association between sedentary behavior and depression.
More is said on this subject later in the chapter.
The four intervention studies reviewed by Teychenne et al. (2008) showed mixed results:
One study showed no effect and one showed an increase in depression after the introduction
of free computer and Internet use, while two showed that the risk of depression was reduced
during the intervention. One provided extra computer and Internet use while the other used
extra chat sessions. The latter may have boosted well-being through social interaction. It is
important to note that the authors of the review concluded that at the time, no interventions
had attempted to reduce sedentary behavior in an effort to assess changes in depression.
Since the review by Teychenne et al. (2008), there have been several large-scale
epidemiological studies published on this topic. Vallance and colleagues (2011) analyzed
data from 2,862 adults from the National Health and Nutrition Examination Survey
(NHANES) for 2005-2006. This is a national survey of U.S. adults that, for this time
period, assessed physical activity and sedentary behavior objectively using accelerometers.
Depression was assessed using the Patient Health Questionnaire-9.
Results showed that in comparison to the least sedentary quartile (the reference group),
there was a trend for a greater risk of depression for those with higher levels of sedentary
behavior. This was most clearly shown in the most sedentary quartile. This is shown in
figure 12.1 for data from model 1 (odds ratios adjusted for gender, ethnicity, and age) and
for model 2 with additional adjustment for other sociodemographic factors, health status,
and moderate- to vigorous-intensity physical activity (MVPA). Although model 2 shows
some attenuation of the odds for depression, the same trend is evident, and the most
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sedentary group has a twofold elevated risk of depression over those in the lowest sedentary
quartile.

Figure 12.1 Odds ratios (OR) for depression across quartiles of objectively
assessed sedentary time from the NHANES study. Model 1 is the least
adjusted model and model 2 is the most adjusted.

Data from Vallance et al. 2011.
\qqEnd marketing excerpt 4 here, include figure\
In a cross-sectional study of 3,645 Australian women from disadvantaged neighborhoods
(Teychenne, Ball, and Salmon 2010a), four types of self-reported sedentary behavior (use of
computer, watching TV, total screen time, and total sitting time) were shown to be
associated with higher levels of depression. Figure 12.2 illustrates results for the most
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adjusted model and shows that the women in the highest sedentary tertile had higher odds
of depression, although not all tertile differences were significant.

Figure 12.2 Odds ratios (OR) for depression across tertiles of four types of
self-reported assessed sedentary behavior for Australian women. Model 1 is
the least adjusted model and model 2 is the most adjusted.

Data from Teychenne, Ball, and Salmon 2010a.
In a 10-year prospective follow-up of women initially free of depression in the Nurses’
Health Study (Lucas et al. 2011), the risk of depression was shown to increase with
additional time spent watching television (see figure 12.3). Although the temporal trend is
significant, the relative risk in each quintile is not. The authors concluded that “increased
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television watching was associated with a trend toward an elevated risk (of depression)”
(pg. 1022).

Figure 12.3 Odds of depression across quintiles of TV viewing time over a 10year follow-up from the Nurses’ Health Study. Model 1 is age adjusted relative
risk (RR) and model 2 is the most adjusted model.

Data from Vallance et al. 2011.
Most of the studies investigating links between sedentary behavior and mental health in
children and adolescents focus on outcomes other than depression (Biddle and Asare 2011).
However, Primack and colleagues (2009) conducted an analysis of the National
Longitudinal Survey of Adolescent Health to study the association between sedentary
behavior in the form of electronic media use and depression over a period of 7 years. The
sample comprised just over 4,000 adolescents who were not depressed at baseline.
Depression at 7-year follow-up was associated with greater use of electronic media at
baseline. When individual sedentary behavior using electronic media was analyzed, this
trend was mirrored by levels of TV viewing, but not by video viewing, playing computer
games, or listening to the radio. Effects were greater in males.
A new meta-analysis by Zhai, Zhang, and Zhang (2015) confirms an association between
sedentary behavior and depression. However, it is noteworthy that although relative risk
(RR) ratios were significant, they were smaller for longitudinal (RR = 1.14) compared with
cross-sectional (RR = 1.31) studies and for studies controlling for physical activity (RR =
1.12) compared to those that did not (RR = 1.34). Interestingly, the association was slightly
higher for computer and Internet use (RR = 1.22) than TV viewing (RR = 1.13).
In summary, higher levels of depression are associated with greater sedentary behavior in
adults and young people. However, this research field is still quite new, and relatively few
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studies exist. We cannot rule our reverse causality, and this reverse direction of effect is
certainly plausible for depression. Moreover, not all studies control for the effects of
MVPA. It also may be the case that only some types of sedentary behavior are associated
with depression. Data suggest that depression may be associated most obviously with TV
viewing. This could be due to indiscriminant watching of TV with little cognitive
engagement and, of course, no physical activity. Similarly, lethargy may also be
exacerbated by poor diet, such as snacking (Pearson and Biddle 2011). More cognitively
engaging behaviors, such as social networking and video games, may not have the same
association with depression. Indeed, as we have reviewed, there may even be some
psychological benefits, notwithstanding the likely physical ill-effects of prolonged sitting
from such behaviors (Wilmot et al. 2012). There is a danger, therefore, in analyzing data for
only either total sedentary time or composite behaviors, such as screen time. Although such
measures can be informative, it might also be important to provide a breakdown by specific
behaviors.

Sedentary Behavior and Cognitive Functioning
Numerous studies have demonstrated the benefits of regular exercise at or above
recommended levels for cognitive function. For example, consistent improvements,
especially in executive function, were found in older adults in a meta-analysis of 18
exercise intervention studies published between 1966 and 2001 (Colcombe and Kramer
2003). Across these studies, women appear to benefit more strongly from exercise than
men, which has also been found for older adults with mild cognitive impairment (Clifford et
al. 2009). Given such gender-specific effects on cognition, it seems likely that sedentary
behavior may also have different effects on cognitive function in men and women.
A consistent overlap exists between risk factors for cardiovascular disease and cognitive
decline, such as lack of physical activity (Hogervorst et al. 2012). However, beyond merely
a lack of physical activity, the effects of sedentary behavior on cognitive function are
considerably more complex and less well researched. Such effects seem to depend on age,
the specifics of the sedentary behaviors and cognitive functions in question, and the
cognitive testing methodology, which varies widely across studies. Before turning to
specific age groups, it is important to appreciate the considerable range of assessment
methods that are grouped together under the heading of cognitive function tests, since they
are crucial in determining the results of studies.
Cognitive science has traditionally sought to categorize mental functions into larger
domains such as attention, memory, and executive functions (including planning, goaldirected behavior, and response monitoring). Although the underlying assumption is that
functions in these domains can operate and change with at least some degree of
independence, a wide range of theoretical models with different groupings of specific
functions indicates that there is little general agreement on the grouping of cognitive
functions into broader domains. Even more problematic is that individual tests that are
supposed to measure the same function can often yield quite different results. It is thus
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difficult to generalize effects on overall cognitive function, and the specific cognitive tests
used have a significant role in producing each set of results.
Another approach to cognitive function assessment, more frequently used in child
research, is to measure far more global functions such as intelligence, school achievement,
and reading scores. Such compound measures are a complex mix of individual cognitive
functions and learned knowledge. Although they may have more ecological validity and
functional relevance, it is often difficult to delineate how the effects of physical activity or
specific behaviors on such global outcomes may be mediated. For example, IQ scores or
school achievement could be improved through general improvements in attention and the
ability to concentrate or by more time spent on studying task-relevant materials. The taskspecific nature of mental practice suggests that more time spent in specific behaviors is
likely to result in better performance on cognitive tests that include the relevant ability, but
not necessarily wider improvements across cognitive functions. Conversely, improvements
in less closely related tasks are more likely to result from general improvements in
cognition, often hypothesized to result from better executive function. Research is therefore
required on how different measures of cognitive functioning might be associated with
variations in sedentary behavior, since the literature has primarily focused on physical
activity.

Infants
Early (prelingual) motor development has long been hypothesized to be an important
precursor of later cognitive development, and baby and toddler sports and activity courses
are becoming increasingly popular. Some evidence supports this notion. For example, one
study found a significant linear relationship between age of learning to stand without
support and adult (age 33-35) categorization skills, a measure of executive function
(Murray et al. 2006). The same study also looked at other cognitive functions, including
visuospatial memory, verbal learning, and visual object learning, but there were no
significant associations for these cognitive domains. Nevertheless, if the association holds
true for at least executive function, then conversely it would be likely that excessive
sedentary behavior during infancy, to a degree that negatively affects motor development,
may also negatively affect later executive function.
However, the idea of an early motor-cognition correlation remains controversial.
Correlation does not mean causation; hence, an alternative explanation for the preceding
results might be that an underlying factor, such as birth weight, nutritional factors, or
parent’s socioeconomic status, drives both motor and cognitive development (Jefferis,
Power, and Hertzman, 2002; Richards et al. 2001). Furthermore, other studies fail to find
similar results. For example, Capute and colleagues (1985) collected early motor data on
213 children, including ages of rolling supine to prone, sitting alone, crawling, and walking,
and compared these to Stanford-Binet IQ at 3 years of age. Significant but small
correlations were driven by participants with high or low outlier IQ scores, and no
correlation remained when these were removed. Numerous studies also document subtle
motor abnormalities, especially in fine motor control, in developmental psychological
disorders such as autism, schizophrenia, and dyslexia. Hence, an effect of early motor
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development on later-life measures of cognitive function may be driven by people with low
motor and cognitive function due to underlying factors such as developmental disorders or
low birth weight.

Young Children
The amount of time spent watching television and other screen-based activities has
become a subject of considerable debate and concern regarding preschool toddlers and
young school children. In a sample of more than 1,200 children from the U.S.-based
National Longitudinal Survey of Youth, hours spent watching television at ages 1 and 3
were associated with attentional problems (hyperactivity) at age 7 (Christakis et al. 2004).
Even after controlling for factors such as maternal education and IQ, hours of daily TV
watching before age 3 had significant negative correlations with reading recognition and
comprehension scores, as well as with working memory (digit span) at ages 6 to 7
(Zimmerman and Christakis 2005). These children watched an average of 2.2 hours per day
at ages 1 to 3, which is probably not uncommon across developed countries. This large
survey did not differentiate between different types of television programs, which may have
differential effects on cognitive outcomes.
A recent systematic review of 23 published studies covering more than 22,000
participants that included sedentary behavior measures, health outcomes, and cognitive
development in children up to 4 years of age confirms the trend for a negative association
between television watching and cognitive development in the wider literature (LeBlanc et
al. 2012). There was no evidence of any benefits of television watching for cognitive
development. Several studies reported a dose–response effect where more time spent
watching television was correlated with poorer cognitive development, similar to the study
by Zimmerman and Christakis (2005). The evidence for potential negative effects of
television watching on cognitive development in very young children appears to be
relatively consistent, therefore, especially when TV-watching time exceeds 2 hours per day.
One problem inherent in these observational studies is the fact that many predictors of
sedentary behavior are also predictors of poorer cognitive development. The observed
correlations could be driven by underlying factors. Many of the studies make attempts to
correct for such factors statistically, but this correction can only be as good as the quality,
range, and relevance of the covariates. Accordingly, an important aspect of the debate is to
consider these factors.
No intervention studies with cognitive function outcomes were found for this age group,
so it remains unclear to what extent specific types of sedentary behavior may directly affect
cognitive development in infants and young children. However, the idea that excessive
television watching may directly cause attentional deficits and other problems with
executive function is theoretically plausible because information in this medium is received
quite passively, with little of the attention-driven seeking of specific information that would
occur in more interactive settings where the child actively explores the environment or
takes part in interpersonal interactions.
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School-Age Children and Adults
Extensive brain development is still taking place well into the onset of puberty, lending
plausibility to lasting effects on cognitive function. Independent of physical activity levels,
more sedentary time confers increased risk of cardiovascular disease (CVD) and
psychological measures including self-esteem, prosocial behaviors, and academic
achievement in school-age children (Tremblay et al. 2011). These findings are from a large
systematic review that included 232 studies with more than 980,000 participants aged 5 to
17 years. Time spent watching TV was the most common measure of sedentary behavior,
with more than 2 hours per day again being associated with worse performance on all
psychological outcomes, lower fitness, and unfavorable body composition. Although not all
these effects are found consistently across studies, none showed a benefit from more
sedentary time.
Obesity is also associated with cognitive deficits, especially in executive function, in
children, adolescents, and adults (Smith et al. 2011). Accordingly, sedentary behavior,
which is linked to higher BMI (van Uffelen et al. 2010) and obesity risk independently of
physical activity (Thorp et al. 2011), may influence cognitive function through this link. It
is often difficult to distinguish whether obesity is a cause or a consequence of cognitive
deficits, and a bidirectional relationship seems the most likely scenario (Smith et al. 2011).
Plausible pathways for obesity to affect the brain include systemic inflammation, elevated
lipids, and insulin resistance. Cognitive deficits can, in turn, affect eating behavior; reduced
executive function has been hypothesized to lead to weight gain (Joseph et al. 2011).
Besides this route of adverse body composition and other cardiovascular risk factors
mediating the effect of sedentary behavior on cognitive function, there also appear to be
direct effects on cognition independently of physiological health indicators. This could be,
at least in part, caused by underlying conditions such as depression (e.g., depressionreduction hypothesis), arthritis, and CVD, which affect both sedentary behavior and
cognitive function (Teychenne, Ball, and Salmon 2010b). However, it is also plausible that
non-sedentary social activities could directly stimulate cognitive function (social
stimulation hypothesis), and excessive time spent in sedentary behavior may indicate a lack
of participation in such activities. The depression-reduction hypothesis and socialstimulation hypothesis were compared directly in one study of 158 community-dwelling
elders that included measures of sedentary behavior and cognitive function, and a partial
role for both theories was confirmed (Vance et al. 2005). This needs testing in other ages. It
is thus highly likely that several routes mediate the relationship between sedentary behavior
and cognitive function: a link through body composition and related chronic conditions
(e.g., CVD, diabetes mellitus), a link by which underlying chronic conditions such as
depression affect both, and decreased social and other cognitive stimulation that results
from increasing time spent on sedentary (non-stimulating) behaviors instead.
However, it is plausible that in contrast to the quite consistent negative effects of time
spent watching television, other types of sedentary behavior may also be beneficial for
cognitive outcomes similar to social stimulation, for example, time spent reading or on
mathematical puzzles (Uchida and Kawashima 2008). It may be beneficial, especially for
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those with chronic conditions that limit physical activity, and this becomes even more
relevant for the older age group, discussed in the following section, to readjust sedentary
time away from passive pursuits like TV toward other sedentary behaviors with cognitive
benefits as well as toward active pursuits, of course. Identifying such activities is difficult
due to a lack of research with detailed measures of different types of sedentary behavior and
cognitive outcomes, and most studies look at either young children or the elderly.
One approach that seems to have good face value and popularity is to undertake braintraining activities, supported by the “use it or lose it” view, which essentially posits that
cognitive functions can be trained. Significant but modest effects have been reported in
some studies of older adults (Papp, Walsh, and Snyder 2009; Smith et al. 2009) and
preschool children (Thorell et al. 2009), but because of overlap between intervention and
outcome measures, it is unclear if any such benefits transfer to untrained tasks or possibly a
more general improvement in cognitive functioning. One large online study of brain
training methods included 11,430 participants across all ages and asked participants to train
in cognitive tasks designed to improve reasoning, memory, planning, visuospatial skills, and
attention once a day for 6 weeks (Owen et al. 2010). The authors documented significant
improvements on each of the trained cognitive tasks, but found no evidence for benefits on
untrained tasks, even on closely related cognitive tests in the same domains. Hence, at
present there is little consistent evidence for wider benefits of brain training in healthy
adults, so it remains a challenge to find evidence for specific cognitively beneficial
sedentary behaviors.

Older Adults
In contrast to the relatively consistent results in younger age groups, the relationship
between obesity and cognition is uncertain in the elderly, as is illustrated by contradictory
results (Smith et al. 2011). This may be partly due to the inadequacies of body mass index
as a measure of adiposity with aging, as well as the rapid weight loss that often
accompanies severe health conditions that also affect cognitive function in the elderly (e.g.,
cancer and advanced dementia). However, just as in younger age groups, maintaining a
healthy weight and physical activity (Zhao, Tranovich, and Wright 2013) are still beneficial
to cognitive function in healthy elderly people and in those with mild cognitive impairment
and dementia (Clifford et al. 2009; Hogervorst et al. 2012). Interestingly, new research by
Arnardottir and colleagues (2016) has shown that both physical activity and sedentary
behavior in older adults, when measured by accelerometers, are associated with measures of
brain atrophy and that change over time is associated with both behaviors in the expected
directions. This contributes to the argument concerning biological plausibility of
connections between sedentary behavior and cognitive functioning. Moreover, Hamer and
Stamatakis (2014) furthered the argument that sedentary behavior has direct effects on
mental health and cognition independent of body composition and fitness. High TV viewing
(≥6 hr/day versus <2 hr/day) in the English Longitudinal Study of Ageing cohort measured
in 2008-2009 predicted higher depressive symptoms and poorer global cognitive function
after a 2-year follow-up, when participants were on average 65 years old. Internet use
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resulted in the opposite effects. These remained significant after correction for BMI,
socioeconomic status, and a host of other variables.
The confounding variable with underlying conditions that affect both sedentary behavior
and cognitive function is also much more pronounced in older people because of the higher
frequency and severity of chronic disease and acute events such as falls. As life expectancy
continues to increase, dementia has become an ever-growing concern. The concept of
cognitive reserve (Stern 2002) suggests that a drop in cognitive function below a certain
threshold leads to dementia. This means that improving cognitive function in mid-life
people and healthy elderly people is likely to reduce the risk for dementia. A lifetime effect
of cognitive resources on late-onset (after 65 years of age) dementia risk has been well
documented, with even childhood measures of mental ability having significant negative
correlations with dementia risk (Whalley et al. 2000).
Hence, just as in the younger age groups, sedentary behavior is likely to affect cognition
through body composition and cardiovascular health effects, mental health conditions such
as depression, and the effects of sedentary behavior on the amount of cognitive stimulation
for key mental skills. Cognitive stimulation and brain training research have been
conducted much more extensively in the elderly. For example, there appears to be an effect
of premorbid reading activity on the rapidness of cognitive decline in Alzheimer’s disease
patients even after controlling for baseline cognitive function and education (Wilson et al.
2000), suggesting that time spent reading may have a different cognitive influence than
other sedentary behaviors. Some cognitive intervention studies report positive results on
cognitive function in healthy elderly people, such as for general cognitive training (Ball et
al. 2002) or more specific working memory training (Buschkuehl et al. 2008).
However, larger reviews have found no consistent effects of cognitive interventions on
dementia risk (Papp, Walsh, and Snyder 2009), largely due to methodological problems
such as inconsistent interventions, follow-up times, and outcome measures across studies,
and the frequent lack of well-matched control groups. Nevertheless, even in elderly
participants with dementia, there are reports of positive effects of cognitive stimulation
therapy interventions, even on global cognitive function (mini-mental status exam) and
Alzheimer’s disease cognitive scales (Spector et al. 2003). A meta-analysis of clinical trials
concluded that cognitive stimulation programs beneﬁt cognition in people with mild to
moderate dementia (Woods et al. 2012), and another review also supports the utility of
cognitive training in healthy elderly people and those with significant cognitive decline
(Gates and Valenzuela 2010), despite also finding many methodological issues in the
published work in the area.

Sedentary Behavior and Health-Related Quality
of Life
In addition to the study of depression, researchers are now investigating associations
between sedentary behavior and other indices of psychological well-being. Typically, these
include generic measures of well-being, such as health-related quality of life.
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Data from nearly 4,000 participants in the Scottish Health Survey were analyzed by
Hamer, Stamatakis, and Mishra (2010). Sedentary behavior in leisure time was reflected in
a measure of time spent on television and screen-based entertainment (TVSE). Mental
health was assessed using the General Health Questionnaire (GHQ-12), which measures
happiness, depression, anxiety, and sleep disturbance. The mental health component of the
SF-12 was also used. Scores on the GHQ-12 were significantly higher (reflecting worse
mental health) with more than 4 hours per day of TVSE. However, when confounders were
included in the analysis, including physical activity and physical function, this was
substantially attenuated, although the association remained significant.
Another cross-sectional study was reported by Davies and colleagues (2012) with data
from just under 3,500 Australian adults. Measures were taken of health-related quality of
life (HRQL), physical activity, and screen time (TV and computer use in leisure time and at
work). Results were analyzed by looking at the joint associations for physical activity and
screen time. In men, HRQL was worse for those with no physical activity and high screen
time separately. In addition, the odds for one measure of HRQL (14 or more unhealthy days
in the past 30) for those with no physical activity and high screen time in combination was
4.52 when compared to the reference group, who had sufficient physical activity and low
screen time. However, the trends were not so evident for women.
A large-scale study in Spain on more than 10,000 university students, with 6-year followup, was reported by Sanchez-Villegas and colleagues (2008). The authors computed a
sedentary index from self-reported screen time and assessed mental health through
depression, bipolar disorder, anxiety, and stress. From data on just over 8,000 participants, it
was shown that the group with the highest sedentary index score (>42 hr/week screen time)
had increased odds of a mental disorder (OR = 1.31) compared with those spending fewer
than 10.5 hours per week sitting. The trend across quintiles of the sedentary index was
significant even in the most adjusted model, although adjustment for physical activity was
not reported.
A prospective cohort study was conducted by Balboa-Castillo and colleagues (2011).
Also conducted in Spain, more than 1,000 adults aged 62 years and older were assessed in
2003 for leisure-time physical activity and the number of hours they spent sitting each
week. Six years later, they were assessed for HRQL using the SF-36. This measure of
HRQL reflects physical health and mental health, with four subscales assessing the latter
(vitality, social functioning, emotional role, and mental health). Example items from these
four subscales reflect the following:
•
•
•
•

Vitality: energy, worn out
Social functioning: extent and time
Emotional role: accomplishing less
Mental health: nervous, peaceful, happy

In the study by Balboa-Castillo and colleagues, self-reported weekly hours of sitting
predicted HRQL 6 years later independent of typical confounders, including physical
activity (see figure 12.4). All four mental health subscales showed significant linear trends
from the reference group (least amount of sitting) to the highest quartile for sitting. Trends

290

for vitality and mental health appear most clearly for those in the highest group, whereas
social functioning and emotional role have more of an obvious linear trend.

Figure 12.4 Odds (relative risk) of four domains of HRQL from self-reported
weekly hours of sitting over 6-year follow-up with 1,097 persons aged 62
years and over.

Data from Balboa-Castillo et al. 2011.
Interestingly, an 8-year follow-up of just over 1,000 older adults in Taiwan showed
positive associations on subjective well-being for both physical activity and some types of
sedentary behavior (Ku, Fox, and Chen 2015). These included TV viewing, social chatting,
and reading. This suggests that some social sedentary behavior, unsurprisingly, may be
beneficial for well-being, and other forms may provide cognitive engagement. This requires
further investigation.
Biddle and Asare (2011) conducted a review of reviews concerning physical activity and
mental health in children and adolescents. In this paper, they provided the first brief review
of the associations between sedentary behavior and mental health for this age group. Nine
studies were reported, and these led the authors to conclude that higher levels of sedentary
behavior, primarily in the form of screen viewing, were associated with poorer mental
health. One of these studies, from Primack and colleagues (2009) is discussed earlier in this
chapter (see the section Sedentary Behavior and Depression). The other studies assessed
various types of sedentary behavior, such as TV viewing, computer use, use of a phone,
listening to the radio, self-reported sedentary behavior by diary or log, and total sedentary
time using an accelerometer. Mental health outcome measures included HRQL,
psychological well-being, body image, happiness, self-esteem, and quality of relationships.
All studies showed at least one analysis reflecting higher scores on sedentary behavior
being associated with worse mental health. Although this was most clearly shown for

291

screen time, this measure was also assessed in some form or another in all studies, while
some forms of sedentary behavior (e.g., phone, radio) were not assessed in more than a
couple of studies. Only half of the studies analyzed physical activity as a confounder.
Tremblay and colleagues (2011) reported a comprehensive systematic review of health
outcomes of sedentary behavior. It was unclear why only self-esteem was selected as the
key psychosocial indicator rather than HRQL or depression (although there were also
analyses of prosocial behavior and academic achievement). Studies reviewed on self-esteem
suggested that higher levels of sedentary behavior were associated with lower levels of selfesteem. However, a more comprehensive systematic review has now reported an
indeterminate association between sedentary behavior and self-esteem for young people
(Suchert, Hanewinkel, and Isensee 2015).
\qqBegin special element\

Three Key Sedentary Behavior and Psychological Well-Being
Research Issues
1. The exposure: measurement of sedentary behavior. A key issue in the study of
sedentary behavior, and in particular for research on mental health outcomes, is to
identify the nature and context of the sedentary behavior. For the study of mental
health outcomes, it may not be enough to quantify total sedentary (sitting) time, but
rather the nature of sedentary behavior, such as TV viewing, computer use, and car
travel, and then to identify the context, such as whether there is social interaction, low
cognitive involvement, and so on. Such variability may account for why some studies
are showing that TV viewing—often a largely passive behavior with minimal
cognitive involvement or social interaction—shows associations with worse mental
health, yet other types of sedentary behavior may have no effect or even beneficial
effects. The latter might include sedentary socializing and cognitively challenging
computer tasks.
2. The outcome: types of mental health outcomes. Measures of mental well-being have
been assessed through multiple or generic domains of mental health. It is plausible for
associations with sedentary behavior, if they exist, to be complex and dependent on
the nature of the outcome variable. It is plausible for associations to exist between TV
and depression, but maybe not for self-esteem.
3. Reverse causality. It is plausible that poor mental health precedes sedentary behavior,
hence reflecting reverse causality. Cross-sectional designs are insufficient, and more
experimental designs are required. In addition, longitudinal and prospective designs,
some of which exist (Primack et al. 2009), are also required. Large data sets are now
being used to test some of the assumptions in this field, and this should help resolve
whether sedentary behavior can precede or predict future mental well-being.
\qqEnd special element\
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Summary
In addition to the burgeoning evidence concerning the adverse physical health effects of
high levels of sedentary behavior, there is a case that mental health may also be affected.
However, this area is complex because of the varying nature and contexts of different forms
of sedentary behavior and the question of whether some mental health outcomes will be
more affected than others.
This chapter shows that at least there are cross-sectional associations between sedentary
behavior, and in particular TV viewing, and indicators of poor psychological well-being.
Whether these are the product of reverse causality is not known. That said, there is some
evidence of prospective and longitudinal associations but little experimental evidence.
Associations between sedentary behavior and cognitive functioning exist across all age
groups. Physical activity has consistent positive effects, and excessive sedentary behavior
may negatively affect cognitive function through reduced physical activity and increased
risk for obesity and unhealthy body composition, which have consistent negative effects on
cognitive function. However, at least part of the association with sedentary behavior may
also be driven by underlying health conditions that affect both. Finally, it seems that
specific types of sedentary behavior (e.g., watching television) may negatively affect
cognitive function, while cognitively stimulating activities and social interaction appear to
be beneficial for cognitive function. More research is needed, especially in this last area, on
specific activities and behaviors that may benefit cognitive function.
The evidence reviewed in this chapter concerns mental health outcomes of sedentary
behavior and complements the literature on physical outcomes. Overall, it is possible to
conclude that greater exposure to some sedentary behaviors is associated with poorer
mental health. However, the quality of evidence is quite low, and several important issues
require more discussion to put such a conclusion in proper context and offer a cautionary
note. Three key issues exist: the measurement of the exposure of sedentary behavior, the
mental health outcome of interest, and the issue of reverse causality.
\qqBegin special element\

Key Concepts
• Health-related quality of life: Multidimensional construct involving perceptions of
physical, psychological, and social functioning, including subjective well-being.
• Mental health: A generic term referring to positive and negative mental states and
tendencies.
• Reverse causality: Where a plausible explanation for the direction of association (e.g.,
between sedentary behavior and a mental health outcome) could be in the reverse
direction. Sedentary behavior appears to be a significant cluster of behaviors associated
with poor physical health. Less is known about psychological outcomes. Sedentary
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behavior, and in particular TV viewing, is associated with poor mental health.This
association could reflect reverse causality, where people with poorer mental health
choose to sit more.

Study Questions
1. Why might some types of sedentary behavior be associated with low levels of
psychological well-being?
2. The strongest associations appear to be for TV viewing. Why might this be?
3. Why might some forms of sedentary behavior be beneficial for cognitive functioning?
4. How much sedentary behavior might be detrimental for mental well-being?
5. Might breaking up sitting time be important for mental health rather than just
reducing total sitting time?
6. What is reverse causality and why might this be an explanation for some associations
between sedentary behavior and psychological well-being?
\qqEnd special element\
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Chapter 13
Assessing Sedentary Behavior
Using Questionnaires
Barbara E. Ainsworth, PhD, MPH; Alberto Flórez Pregonero, MEd; and Fabien Rivière,
MS
\qqBegin special element\
The reader will gain an overview of how to measure sedentary behavior with
questionnaires used in research and practice. By the end of this chapter, the reader should
be able to do the following:
•
•
•
•
•

Identify the purpose of questionnaires for assessing sedentary behavior
List the key components of questionnaires
Identify types of validity and define reliability for questionnaires
List skills needed for administering questionnaires
Evaluate gaps in existing questionnaires used for assessing sedentary behavior

\qqEnd special element\
As the name implies, questionnaires are survey instruments that consist of a set of
questions selected and arranged to identify information about a person or what a person
thinks about a topic. Most large-scale research studies and opinion surveys use
questionnaires to obtain information. At the largest scale, every 10 years, the U.S. Census
mails a questionnaire to households to identify demographic characteristic of people who
live in homes and apartments. They ask residents to identify their age, sex, race and
ethnicity, marital status, household income, educational attainment, and occupation, as well
as the number of people living in the household (U.S. Department of Commerce 2010).
Other government agencies administer surveys annually that contain questionnaires
arranged into the topics called modules. The Behavioral Risk Factor Surveillance System
(BRFSS) has a module to identify topics such as fruit and vegetable intake, exercise and
physical activity, risky driving, and cancer screening practices, and others to identify
behavioral risk factors that can place adults at risk for premature accidents, injuries, and
chronic diseases (U.S. Centers for Disease Control and Prevention 2014).
Questionnaires come in various types and lengths. Physical activity and sedentary
behavior questionnaires may contain simple questions with respondents answering yes or
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no to questions such as, “Did you watch television yesterday?” Others require detailed
arithmetic calculations to derive an answer. For example, a questionnaire may ask the
respondent to recall the hours spent watching television during the past week, which
requires knowing the number of days one watched television and the average hours per day
spent watching television. The time frame for information recall may be as current as
yesterday or a distant as the past year or a lifetime. The length of questionnaires also may
vary from 2 to 300 questions. Ideally, a questionnaire should be as short as needed to obtain
the desired information. The delivery mode for questionnaires has evolved over the years,
shifting from writing answers to questions on paper with the responses hand scored and
entered into data storage to filling in bubbles on a form for scanning into machine data
readers to now using computers or mobile applications to administer questionnaires on
touch screens with answers fed directly into a web database.
The types of questionnaires used to identify sedentary behavior are varied. Some
questionnaires focus on time spent sitting during occupational (Clark et al. 2011; Yore et al.
2006) and nonoccupational settings, such as time spent watching television, using a
computer, and traveling by car, truck, truck, bus, plane, or train (Gardiner et al. 2011;
Rosenberg et al. 2010). Questionnaires also assess multiple types of sedentary behavior in
the past day or week (Clark et al. 2013; Rosenberg et al. 2008). This chapter focuses on the
characteristics of questionnaires, important measurement qualities to consider when
selecting a questionnaire, and dos and don’ts for administering questionnaires. It also
provides some examples of questionnaires used to study sedentary behavior and the
associated health outcomes.

Key Components of Questionnaires
Most questionnaires used to assess sedentary behavior rely on a person’s ability to recall
the frequency, duration, and types of sedentary behavior performed during a period in the
past. Since sedentary behavior is regarded as low intensity, it is unnecessary to identify the
intensity of the behavior in the questionnaires. Sedentary behavior is expressed as time
spent sitting or reclining. Types of activities include watching television, working on a
computer, riding in a car or on public transport, listening to music, talking, and reading.
Summary scores for sedentary questionnaires include the units of minutes or hours per day
or per week or a combination of an intensity score referred to as the metabolic equivalent
(METs) and the multiplication of intensity and time in minutes or hours expressed as METminutes and MET-hours, respectively. The administration style may be self- or interviewer
administered. The following sections explain the essential components of questionnaires.
Examples of the essential components of selected sedentary behavior questionnaires are
presented in table 13.1.

Table 13.1. Characteristics of Sedentary Behavior Questionnaires
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Recall

Frequency

Duration

Mode

Domains

Frame
<tsp>International Physical Activity Questionnaire Short Form (Rosenberg et al. 2008;
Craig et al. 2003)
Typical weekday x

Open ended: hr
or min/day

Time sitting in
Purpose, envigeneral and phys- ronment, posture,
ical activity
and time

<tsp>Workplace Sitting Time Questionnaire (Clark et al. 2011)
Average workday during last
week

Number of
Open ended: hr Time sitting
breaks during 1 or min/day; Cathr at work
egorical: number
of breaks

Purpose, environment, posture,
and time

<tsp>Self-Reported Sedentary Time Questionnaire (Gardiner et al. 2011)
Past week

x

Open ended: hr
or min/week

Time sitting or re- Purpose, posture,
clining during lei- social, and type
sure

<tsp>Past-Day Adults’ Sedentary Time Questionnaire (Clark et al. 2013)
Past day

x

Open ended: hr
or min/day

Time sitting and
reclining in various types of activity

Purpose, environment, posture,
time, and type

<tsp>Sedentary Behavior Questionnaire (Rosenberg et al. 2010)
Typical weekday, weekend

x

Categorical: hr/
week

Time sitting at
home and work

Purpose, posture,
and type

<tsp>Sedentary Time and Activity Reporting Questionnaire (Neilson et al. 2013; Csizmadi
et al. 2014)
Average day dur- Number of
ing the last 4
days during
weeks
past 4 weeks

Open ended: hr
or min/day

Total 24 hr physical activity, sedentary behavior,
and sleep

<tsp>Yale Physical Activity Survey (DiPietro et al. 1993)

Purpose, environment, posture,
status, time, and
type

300

Average day
over the last
month

x

Categorical:
hr/day

Overall sitting
Posture and time
time and physical
activity

<tsp>Adolescent Sedentary Activity Questionnaire (Hardy, Booth, and Okely 2007)
Each day of a
normal school
week

Number of
Open-ended: hr
days during the or min/day
week

Time siting in
various types

Purpose, environment, posture,
time, and type

<tsp>Youth Risk Behavior Survey (Schmitz et al. 2004)
Average school
day

x

Categorical:
hr/day

Overall sitting
time

Posture, time,
and type

<tsp>Self-Administered Physical Activity Checklist (Sallis et al. 1996)
Yesterday before x
and after school

Open-ended: hr
or min/day

Physical activity
and screen time

Time and type

<tsp>SIT-Q-7d (Wijndaele et al. 2014)
Average week
and weekend
day during the
last 7 days

Number of
breaks during
the day

Categorical: hr Sedentary and
or min/day, num- sleeping time
ber of breaks

Purpose, posture,
social, associated
behaviors, time,
and type

Recall Frame
The recall frame for questionnaires is varied. As shown in table 13.1, the Sedentary
Behavior Questionnaire (SBQ) (Rosenberg et al. 2010) uses a typical weekday and a typical
weekend day recall frame to assess time spent in sedentary behavior, while the International
Physical Activity Questionnaire (IPAQ) (Craig et al. 2003) uses a single day in a typical
weekday recall frame. A common recall frame for many questionnaires is one week
because it is difficult to recall information during long periods in the past, and one day may
not reflect usual behaviors (Healy et al. 2011).

Frequency
Frequency refers to the number of times one performs a behavior in terms of days,
weeks, months, or years. On the Self-Reported Sedentary Time Questionnaire, respondents
recall how many days in the past week they watched television (Gardiner et al. 2011). On
the other hand, the Past-Day Adults’ Sedentary Time Questionnaire (Clark et al. 2013) has
respondents recall the number of times they watched television in a single day. Often, it is
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difficult to recall information from a prior week. On the other hand, recalling information
about television watching during a single day may underestimate the time spent watching
television during other days of the week.

Duration
Duration refers to the hours or minutes spent in a sedentary behavior. The IPAQ has only
one question about the duration of hours and minutes per day of sitting on a typical
weekday. Although most questionnaires ask respondents to recall the duration of their
sedentary behavior in hours and minutes, the 2009 BRFSS included an occupational
question that asked respondents to indicate if they spent most of their time at work sitting,
standing and walking, or engaged in labor activities (U.S. Centers for Disease Control and
Prevention 2009).

Mode
The types of sedentary behavior performed are also referred to as the mode of behavior.
By and large, television watching is the most common type of activity used as an indicator
of sedentary behavior. Most questionnaires developed identify multiple types of sedentary
behavior, such as watching television, working, watching children, doing homework,
transportation, or other leisure-time pursuits (Healy et al. 2011). For example, the SBQ
(Rosenberg et al. 2010) identifies the time spent in nine types of sedentary behavior (TV,
computer games, listening to music, talking on the telephone, office and paper work,
reading, playing a musical instrument, arts and crafts, and driving in a car). Asking
respondents to identify their posture (reclining, sitting, and standing) during these activities
allows for a finer understanding of sedentary behavior.
The types of sedentary behavior included in a questionnaire and the nature of information
obtained for frequency, duration, and recall frame should be specific to the study or survey
objective. If a goal is to identify how many people watch television five or more days a
week, then asking about the duration is unimportant. Instead, the question could be written
as, “How many days per week do you watch television?” However, if a goal of a study is to
determine the dose–response relationship between the hours of television watched per week
and a health condition (i.e., watching fewer hours of television is better for health), then
asking respondents to recall the number of days and the hours per day they watched
television is important.

Domains
Considering which characteristics of sedentary behavior need to be measured is an
important step in the process of selecting a questionnaire. Based on a consensus taxonomy
of sedentary behavior (Chastin, Schwarz, and Skelton 2013), nine main domains describing
the following attributes might be distinguished: the purpose (why), the environment
(where), the posture, the social context (with whom), the measurement (instruments and
quantification issues), the associated behaviors (what else), the status (mental and
functional states of the person), the time (when the behavior take place), and the type of

302

behavior (what). Each domain is composed of many subcategories; for example, the domain
of posture is composed of the subcategories sitting, lying, and other. Important differences
in the characteristics of sedentary behavior measured by the questionnaires are observed.
For example, most of the sedentary behavior questionnaires measure sitting time spent
watching TV during a day, but only two questionnaires measure the associated behaviors
such as snacking: the Sit-Q-7d (Wijndaele et al. 2014) and the SIT-Q-12m (Lynch et al.
2014). When developing or selecting a questionnaire, one should determine which
characteristics of sedentary behavior are of interest depending of the population and
purpose of the study.
Global questionnaires aim to provide a general categorization of a person’s sedentary
behavior level; thus, they don’t need to measure as many as sedentary behavior
characteristics as more comprehensive questionnaires. Global questionnaires are short
enough (1-3 items) to be used in population health surveys where the number of items is
limited by space constraints. For example, a questionnaire designed to evaluate potential
questions for use in surveillance activities evaluated a single item assessing time spent
watching TV as a proxy of total sitting time (Pettee et al. 2009). In the opposite direction,
some questionnaires have been developed to obtain more comprehensive measurement of
sedentary behavior. These questionnaires purport to characterize the patterns of sedentary
behavior during daily life by measuring subcategories within most of the domains identified
in the taxonomy. The SIT-Q-7d is one of the more comprehensive sedentary behavior
questionnaires. It has 68 items and measures time spent in different sedentary activities for
work, transportation, domestic, education, and social eating and caregiving behaviors,
during both a weekday and a weekend day. A systematic review of the content of sedentary
behavior questionnaires has identified and compared the characteristics of sedentary
behavior measured by each questionnaire and may help investigators or practitioners select
the most appropriate questionnaire (Rivière et al. 2015).

Measurement Principles of Questionnaires
When selecting a questionnaire to collect information about sedentary behavior, one
should ask several questions. First, is the questionnaire valid? That is, is the respondent able
to recall the types of sedentary behavior listed on the questionnaire (Thomas, Nelson, and
Silverman 2010)? Also, does it measure the types of sedentary behavior I seek to assess?
Validity has several forms. Logical validity is when a questionnaire addresses the types of
information an investigator seeks to identify. For example, if one wants to get a general idea
if a respondent mostly sits, stands, or walks while at work, then the question used in the
2009 BRFSS, “In general, which best describes what you do at work? (a) mostly sit; (b)
mostly sit and stand; (c) mostly walk,” would have logical validity because it involves a
straightforward question about the types of behavior desired.
Another form of validity is content validity. As the name implies, content validity assures
that the questionnaire contains sufficient content for assessing a behavioral domain. The
questionnaire used to measure sedentary behavior in the Australian Longitudinal Study on
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Women’s Health (Marshall et al. 2010) aims to identify different settings when one may be
sedentary, such as during transportation (e.g., car, bus), while working (e.g., sitting at a
desk), in the home (e.g., sitting or reclining during television and computer use), during
leisure-time activities (e.g., power boating, fishing). The content validity is deemed
acceptable if the questionnaire is reviewed by experts who agree that the questionnaire
includes the desired domain behaviors.
Construct validity relates to how well a questionnaire fits into a definition, or the
construct of sedentary behavior. For example, assume sedentary behavior is defined as
nonmovement or light-intensity movement with a metabolic energy cost, with a MET of
≤1.5 times the resting energy expenditure. This would classify activities such as sleeping
(0.95 METs), sitting quietly (1.3 METs), and standing (1.3 METs) as sedentary behavior
(Ainsworth et al. 2011). A questionnaire that addresses participation in activities within this
MET value range would have acceptable construct validity.
In research settings, investigators often want to assure that the questionnaire is measuring
sedentary behavior as intended. They do this by comparing a questionnaire against some
criterion, often an objective measure of sedentary behavior or another questionnaire. This is
called criterion validity. Two types of criterion validity are used to evaluate sedentary
behavior questionnaires: concurrent validity and predictive validity. Concurrent validity is
measured most often by correlating responses from the sedentary behavior questionnaire
with outputs from wearable activity monitors (i.e., accelerometer or inclinometer) or with
another previously validated questionnaire used to assess sedentary behavior. To validate
the past-day recall questionnaire, Clark and colleagues (2013) compared the scores from the
questionnaire with those obtained by two criterion measures: an accelerometer (ActiGraph
model GT3X+) that detects the intensity and duration of movement and nonmovement and
an inclinometer (activPAL) that detects reclining, sitting, and standing postures and
ambulatory movements. Another way concurrent validity is assessed is to compare the
sedentary behavior questionnaire with a previously validated questionnaire that has a
similar content. Rosenberg and others (2010) validated the SBQ by comparing responses
with an accelerometer and the IPAQ. Significant associations (P < 0.00) were observed
between the SBQ sedentary score and hours per day of sitting time obtained from the IPAQ,
which contributed to the concurrent validity of the SBQ.
Researchers who use questionnaires to predict the risks of sedentary behavior for a future
event, such as the development of obesity, diabetes, or cardiovascular disease, are
concerned with the predictive validity of the questionnaire. As the name implies, predictive
validity involves using information about a person’s behaviors and demographic
information (such as age, weight, and sex) to develop equations that predict one’s risk for a
future event. Prediction equations using sedentary behavior data have not been reported;
however, Hu and colleagues (2003) observed that among women enrolled in the prospective
Nurses’ Health Study, each increment of 2 hours per day of television watching was
associated with a 17% to 30% increase in obesity and a 5% to 23% increase in the risk for
diabetes. These relationships are discussed in chapters 7 and 8.
The second question one must ask before using a sedentary behavior questionnaire is, Is
it reliable over repeat administrations? Reliability, also referred to as repeatability, refers to
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the consistency of a questionnaire to produce the same results when administered to the
same person multiple times under similar conditions (Thomas, Nelson, and Silverman
2010). A common way to measure reliability is to administer the questionnaire two times
one week or one month apart. A similar score reflects higher reliability. The reliability of a
questionnaire is important in intervention studies where the goal is to reduce sedentary
behavior. If a questionnaire is not reliable between one administration and another, the
researcher has no confidence that the study goals are producing the desired result. A
questionnaire with high reliability (r = >0.70) will provide a consistent measure of the
behavior reported as long as the questionnaire is valid, and avoids other sources of error.
The validity and reliability of a sample of sedentary behavior questionnaires are presented
in table 13.2.

Table 13.2. Measurement Qualities of a Sample of Sedentary Behavior
Questionnaires

Study

<tsp>Validity

Reliability

Criterion meas- Coefficient
ure

Test–retest Coefficient
recall
frame

International Physical ActiGraph CSA Spearman’s r = 0.34a 3 to 7 days Spearman’s r
Activity Questionnaire 7164 worn for
= 0.81a
Short Form (Rosen7 days
berg et al. 2008; Craig
et al. 2003)
Workplace Sitting
Time Questionnaire
(Clark et al. 2011)

ActiGraph
GT1M worn
for 7 days

Self-Reported Seden- ActiGraph
tary Time QuestionGT1M worn
naire (Gardiner et al. for 7 days
2011)

Not meas- Not measured
Total sitting time,
Spearman’s r = 0.29, ured
95% CI (0.22, 0.53);
Breaks in sitting,
Pearson’s r = 0.26,
95% CI (0.11, 0.44)
Total sitting time,
1 week
Spearman’s r = 0.30,
95% CI (0.02, 0.54)

Past-Day Adults’ Sed- activPAL ver- activPAL total, Pear- 6 months
entary Time Question- sion 3 and Acti- son’s r = 0.58, 95%
naire (Clark et al.
Graph GT3X+ CI (0.40, 0.72); Acti2013)

Spearman’s r
= 0.56, 95%
CIb (0.33,
0.73)
ICC = 0.50,
95% CI (0.32,
0.64)
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worn for 7
days, counts <
100

Graph < 100 counts,
Pearson’s r = 0.51,
95% CI (0.29, 0.68)

Sedentary Behavior
ActiGraph
Questionnaire (Rosen- 7164 worn for
berg et al. 2010)
7 days, counts
< 100; IPAQ
total sitting
time

ActiGraph < 100
2 weeks
counts, Males, r =
−0.01 (p = 0.81), Females, r = 0.10, (p =
0.07); IPAQ total sitting, Males, r = 0.31
(p = 0.00), Females,
r = 0.28 (p = 0.00)

Weekday
Spearman’s r
= 0.79, 95%
CI (0.58,
0.85); Weekend Spearman’s r =
0.74, 95% CI
(0.65, 0.78)

Sedentary Time and
Activity Reporting
Questionnaire (Neilson et al. 2013; Csizmadi et al. 2014)

Not reported

Not reported

3 months

Sedentary
time, ICC =
0.53, 95% CI
(0.37, 0.66)

Yale Physical Activity Not reported
Survey (Dipietro et al.
1993)

Not reported

2 weeks

Spearman’s r
= 0.42–0.65

Adolescent Sedentary Not reported
Activity Questionnaire
(Hardy, Booth, and
Okely 2007)

Not reported

2 weeks

ICC = 0.57,
95% CI: 0.25,
0.76

Youth Risk Behavior 245 middle
Spearman’s r = 0.46, 1 week
Survey (Schmitz et al. school students mean difference =
2004)
filled out a log −0.04 hr

Spearman’s r
= 0.68

Self-Administered
Physical Activity
Checklist (Sallis et al.
1996)

Caltrac acceler- Pearson’s r = 0.30, (n Not report- Not reported
ometer worn
= 97)
ed
for 1 school
day

SIT-Q-7d (Wijndaele
et al. 2014)

activPAL3
Spearman’s r = 0.37, Median = ICC (95%) =
worn for 6 days (n = 402)
3.3 weeks 0.53 (0.44–
0.62)

aStandard

deviation or confidence interval not reported; bCI = confidence interval
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The third question to ask before using a sedentary behavior questionnaire is, What are the
sources of error that could influence the results of the questionnaire? Two sources of error
are common in questionnaires: random error and systematic error. Random error results
from unreliable reporting of sedentary behavior related to the respondents and the testing
conditions and unrelated to the questionnaire itself. Sources of random error can be
minimized by standardizing the testing conditions to prevent participant fatigue and
enhance motivation to recall information and by using a questionnaire administration style
that fits the respondent, such as using in-person, web-based, and interviewer- or selfadministered delivery styles. If a questionnaire is used in a research setting to assess
sedentary behavior, there must be enough participants in a study so that one person’s score
does not distort the group averages.
Systematic errors relate to the properties of a questionnaire and can change the intent of
the questionnaire to present falsely high or low scores. Conditions that promote systematic
errors include mismatching the type of questionnaire used and the respondent’s ability to
understand and complete the questionnaire; using a questionnaire with content that does not
measure the behaviors sought; using a questionnaire that is too long or wordy, or that
requires numeral skills to compute an answer in people with low literacy skills; and using a
questionnaire that has a complex scoring protocol and is hard to follow without the use of
sophisticated computer programming. Systematic errors also can be minimized by assuring
that the questionnaire is valid and has good reliability.

Practical Guidelines
As with all questionnaires, sedentary behavior questionnaires that identify the frequency,
duration, and types of sedentary behavior need to have ongoing examination of the validity
and reliability in diverse populations. Too often, small convenience samples with defined
demographic characteristics such as college students or worksite employees are used to
examine a questionnaire’s validity and reliability. Once deemed valid and reliable, the
questionnaire is used in different populations where it may operate with different validity
and reliability. Since the validity and reliability of a questionnaire are specific only to the
population for which it is tested, questionnaires need to be examined for their validity and
reliability prior to use in targeted populations. For example, Neilson and colleagues (2013)
performed several one-on-one cognitive interviews with adults to assess understanding of
the Sedentary Time and Activity Reporting Questionnaire developed to estimate adults’
activity energy expenditure and sedentary behavior. From the interviews, they identified
problems with ambiguous wording and terms for selected questions, inability of the
respondents to recall information as asked on the questionnaire, and average time spent
across multiple activities. Respondents also placed activities into the wrong categories
listed and were unable to differentiate between types of self-care activities. The
investigators revised the questionnaire to reduce the problem areas before using it in a study
setting.
\qqBegin special element\
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Cultural Translation
An important concern when using questionnaires with non-English speaking people is the
comprehension of the instrument after it has been translated into a new language. Prior to
use, questionnaires should go through both linguistic and cultural translation processes with
groups of people similar to the population who will receive the survey. The linguistic
translation involves a word-for-word translation of the questionnaire. A cultural translation
involves modifying the types of words used and examples of behaviors listed in the
questionnaire to reflect how a target population understands the subject matter. A cultural
translation can be done by having focus groups or people from the respondent survey group
critique the questionnaire following the linguistic translation. Arredondo and others (2012)
provide guidelines for the cultural translation of questionnaires.
\qqEnd special element\
Questionnaires used to assess sedentary behavior in children, adults with low reading and
numeral literacy, and older adults with cognitive impairments may limit the information
asked to the frequency of a behavior only. The recall frame also is shorter, limiting recall to
the past 72 hours (Clark et al. 2013). These modifications are made due to the difficulties in
recalling information and performing mathematic calculations required to average time
spent in various behaviors over multiple days and activities (Ainsworth et al. 2012). For
example, the 3-Day Physical Activity Recall (Pate et al. 2003) is a 24-hour recall
questionnaire for youth that has respondents check a box if they performed one of nine
listed activities every half hour. In this case, respondents avoid recalling the exact duration
of the behavior. The ARIC-Baecke questionnaire for adults presents the duration in a range
from “not at all” to “most of the day” to avoid issues with numeral literacy (Richardson et
al. 1995).
The following six steps can be used when planning questionnaires for assessing
sedentary behavior (Ainsworth et al. 2012):
1. Identifying need. Prior to use, an investigator should determine the purpose for
conducting a survey. Is it to measure sedentary behavior at one point in time, track
sedentary behavior over time, or correlate sedentary behavior with a disease and
health outcome?
2. Selecting a questionnaire. The questionnaire must match the respondent’s cognitive
abilities, culture, and literacy capabilities. The questionnaire also should have
documented and acceptable validity and reliability evidence and measure the types of
behaviors sought for the study. Avoid tinkering with the questionnaire by deleting or
adding questions or changing the wording, since this will negate the established
validity and reliability. It is the task of the survey administrator and people
administering the questionnaire to select the appropriate questionnaire for the
intended purpose.
3. Collecting data. Respondents must understand the wording and intent of a
questionnaire in terms of the types of behaviors assessed and the time frame of recall.
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Data collectors should be trained in procedures used to administer the questionnaire
and how to prompt respondents to recall information if the questionnaire is
interviewer administered. Interviewers also should give the same instructions to each
respondent when completing the questionnaire and avoid giving suggestions for
answers. Providing respondents with a calendar that has salient information, such as
holidays or work schedules, may be a useful prompt for recalling information.
4. Analyzing data. Questionnaires should always be checked for accuracy in the
presence of the respondent for missing data, items with hours or minutes that are
unrealistically high or low, and unacceptable responses, such as a question mark if
one does not recall an answer. For investigators with statistical support, statistical
procedures can be applied to account for random error that may occur as a result of
the questionnaire administration process.
5. Creating a summary score. Always apply the scoring protocol that is provided for the
questionnaire. Changing the scoring protocol will render the questionnaire’s results
useless for comparison with other studies using the same questionnaire. The summary
score should be checked for unrealistic scores that could result from errors in
applying the scoring protocol and corrected before reporting the results of the survey.
6. Data interpretation. The person managing the questionnaire should have a thorough
understanding of the prevalence of sedentary behavior and the typical responses for
the populations surveyed. If the questionnaire results are statistically compared with
other physical activities, health behaviors, or health and disease conditions,
investigators should know how their results should compare with similar studies
having the same purpose.

Summary
Questionnaires are useful when assessing the types and estimated duration of sedentary
behavior in targeted populations. Questionnaires must be valid and reliable for the
populations where they are used. Additionally, questionnaires used in sedentary behavior
intervention studies should demonstrate acceptable responsiveness to assessing changes in
sedentary behavior.
First and foremost, those planning to assess sedentary behavior should avoid the desire to
create a new questionnaire. Instead, they should select a questionnaire that has been
validated and deemed reliable in a population similar to the proposed sample in age, race
and ethnicity, and other demographic characteristics. Healy and colleagues (2011) have
compiled a list of sedentary behavior questionnaires with their validity and reliability
coefficients for use in adult populations. If a survey has not been evaluated for validity and
reliability evidence in a targeted population, then an examination of validity and reliability
is needed prior to use in a research study.
Further research is needed to validate and examine the reliability of questionnaires in
diverse populations to include people of all ages, races and ethnicities, and educational
levels, and those living in urban or rural settings. Since most questionnaires have been
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developed for use in English-speaking populations, translating questionnaires using a
linguistic translation only may result in the use of phrases and words that have little
meaning without a cultural context. Cultural translations also are needed if questionnaires
are to be used in non-English speaking populations. Research is also needed to examine the
ability of sedentary behavior questionnaires to detect changes in behaviors arising from
intervention studies. Aside from requiring a questionnaire to have acceptable validity and
reliability, questionnaires used to assess behavior changes must be responsive to the
behaviors undergoing change. Clark and others (2013) provide an example of how to
evaluate a questionnaire for responsiveness in their examination of the past-day recall of
sedentary time in a sample of breast cancer survivors.
\qqBegin special element\

Key Concepts
• Domains of sedentary behavior: 9 main domains describing sedentary behavior have
been identified: the purpose (why), the environment (where), the posture, the social
context (with whom), the measurement (instruments and quantification issues), the
associated behaviors (what else), the status (mental and functional states of the person),
the time (when the behavior take place), and the type of behavior (what).
• Duration: One of the key components of a questionnaire that specifies the amount of
time expressed in hours or minutes spent in a sedentary behavior.
• Frequency: One of the key components of a questionnaire indicating the recurrence at
which a sedentary behavior occurs or is repeated over a particular period of time (i.e.,
days per week).
• Mode: One of the key components of a questionnaire describing the types of sedentary
behavior performed (i.e. watching television, or driving a car).
• Questionnaires: Survey instruments that consist of a set of questions selected and
arranged to identify information about a person or what a person thinks about a topic.
• Recall frame: One of the key components of a questionnaire referred to the period of
time a person is asked to recall events from the past (i.e., a day, or a week).
• Reliability: The degree to which a questionnaire yields stable and consistent results over
the time. For example, a questionnaire is reliable if in a 1-month period the test–retest
survey produces similar results.
• Validity: Quality of the questionnaire indicating that it is measuring what we want to
measure. Different types of validity include logical, content, construct, and criterion.
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Study Questions
1. Go to the IPAQ website (www.ipaq.ki.se) and download one of the questionnaires.
Identify which question is asking for sedentary behavior and identify what types of
activities the respondent may be considering as sedentary.
2. You are looking for a questionnaire to identify sedentary behavior in pregnant
women, and there are no published questionnaires on this topic available in the
literature. How can you identify a suitable questionnaire for assessing sedentary
behavior in pregnant women?
3. You have to choose one sedentary behavior questionnaire for a study. You have found
two sedentary behavior questionnaires that are suitable for your population
characteristics. One of the questionnaires has good reliability (r = 0.90) but does not
mention anything about its validity; however, it seems to have questions sufficient for
assessing the behaviors you need to measure. The second questionnaire has lower
reliability (r = 0.70) but mentions that its validity was assessed by a panels of experts.
Which one would you select? Provide the rationale for your choice.
4. For an epidemiological study, you need to determine the MET-intensity dose of
sedentary behavior related with health outcomes. What types of questions would you
include in your questionnaire?
5. In a questionnaire, what qualities are necessary for measuring decreases in sedentary
behavior during an intervention focused on reducing sitting time in office workers?
\qqEnd special element\
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Chapter 14
Assessing Sedentary Behavior
Using Motion Sensors
Kong Y. Chen, PhD, MSCI; and Richard P. Troiano, PhD
\qqBegin special element\
The reader will gain technical and applied knowledge of how motion sensors are used for
sedentary behavior monitoring, and how to integrate them into field applications. By the
end of this chapter, the reader should be able to do the following:
• Understand what motion sensors are
• Explore how motion sensors work in principle and in practice
• Compare different types of motion sensors and their potential for assessing sedentary
behavior
• Discuss future needs and developments
\qqEnd special element\
By definition, motion sensors measure or detect movements. The rationale of assessing
motion as a way to quantify human activity is based on the physical principle that a change
of motion requires forces that are typically provided by the person. To generate such forces
requires energy output, or energy expenditure (EE). Therefore, measurement of motion can
be, in theory, directly linked to estimations of activity-associated EE. However, this is not
trivial in practice because multiple factors influence the presence and degree of
measurement and modeling errors.
The history of using motion sensors to assess biomechanics of human movement dates
back as early as the 15th century, when Leonardo da Vinci drafted a design of a mechanical
step counter (pedometer) for military applications (MacCurdy 1938). More recently, in the
1960s, a triaxial accelerometer was constructed by mounting strain gauges on three steel
plates at perpendicular orientations to each other (Cavagna, Saibene, and Margaria 1961).
Each plate was fixed at two ends with a weight at the center. When this sensor was firmly
applied to the subject, it was able to measure dynamic movements such as walking,
running, jumping, and throwing. Soon, this type of sensor found its way into medical
research for movement disorders such as Parkinsonism (Brody 1992), artificial limbs
(Lanyon 1971), and gait analysis (Morris 1972, 1973). Montoye and colleagues (1983; see
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also Wong et al. 1981) were among the earliest researchers to show that accelerometers
could provide continuous movement outputs that were significantly correlated with EE,
thus paving the way for motion sensors to be used for objective physical activity
measurements in laboratories. Field studies soon followed and flourished.
Welk (2002) thoroughly reviewed the use of accelerometer-based activity monitors for
assessing physical activity. However, with the evolving research and public health focus on
sedentary behavior, we hereby reexamine the use of motion sensors for assessing
sedentariness. As with any sensor-based measure, in order to apply motion sensors
appropriately in assessing sedentary behavior, one has to understand the characteristics of
the behavior itself. In chapter 1, the definition of sedentary behavior includes meeting all
three of the following criteria: (1) waking behavior characterized by (2) an energy
expenditure ≤ 1.5 METs (3) while in a sitting or reclining posture. This chapter addresses
the use of motion sensors for these three criteria specifically and how we could improve the
accuracy, precision, and reliability for measuring sedentary behavior in the future.

Key Components of Motion Sensors
Several types of motion sensors exist. The most commonly recognized motion sensors or
detectors are used in security alarms, light switches, and other similar qualitative functions.
These are typically called active sensors—they send out a beam (e.g., infrared, microwave)
and detect its return back to the receiver (figure 14.1). When the return signal is perturbed,
either in timing or amplitude over a certain predetermined threshold, it is judged that
motion is detected, which triggers a downstream action. We use this method in closely
controlled laboratories such as a respiration chamber, where motion and EE (through the
determinations of oxygen consumption and carbon dioxide production rates) are measured
simultaneously. The measurement of motion is typically used to gauge a minimal level of
activity that indicates resting or sleeping status, and EE during these periods is calculated
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with decreased activity artifacts or noise. A similar concept is applied in animal
calorimeters using uniformly placed laser or infrared beams across the chamber.

Figure 14.1 A schematic plot of an active motion sensor.

In the context of measuring motion in free-living humans, we generally use sensors that
are attached to the subject’s body to objectively measure the type and intensity of
movements. In contrast to the active sensors, these are a class of passive sensors where no
waves or beams are sent out or received. Instead, these sensors measure motion based on
electromechanical properties within their sensing elements or transducers (they transfer one
form of energy to another, i.e., from motion to electrical signals) (Chen et al. 2012).

Measurement Principles of Motion Transducers
A wide variety of motion transducers can be used singly or in combinations to assess
human movements. These include pedometers, tilt sensors, electronic load transducers,
foot contact monitors, global positioning systems, barometers, gyroscopes, and cameras.
A traditional pedometer typically consists of a simple mechanical movement counter that
is clipped onto a belt at the waist or worn on the ankle. As a small, portable, affordable,
and simple device, it operates by counting steps during walking and running. Thus,
pedometers are popular tools for exercise prescription, weight-loss interventions, and
general health promotion. However, several different earlier types of mechanical
pedometers have been reported to underestimate distances walked at slower speeds and
overestimate distances during fast walking or running (Washburn, Chin, and Montoye
1980; Bassey et al. 1987). Recently developed electronic pedometers allow better step
detection and can be attached to the shoelaces, carried in a pocket, and even placed in a
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backpack. These devices for step counting and distance traveled have been reported to be
accurate within ±4.0% (Giannakidou et al. 2012). However, as a tool for monitoring
sedentary behavior, pedometers are limited because they measure only steps or
locomotive movement.
A tilt sensor, such as the large-scale integrated (LSI) motor activity monitor, is a simple
device that uses a mercury switch sensitive to angular position (i.e., a tilt) in a single axis
(shown in figure 14.2). LSI monitors were used in one study to distinguish between
groups of adults who grossly differed in PA status (Cauley et al. 1987). Although LSI
readings correlate poorly with estimated energy expenditure (or oxygen consumption)
levels during walking, running, and bicycle riding (Montoye et al. 1983), this type of
sensor could be modified to measure posture if it could overcome being a switch sensor
with only on or off qualitative output.

Figure 14.2 A mercury tilt sensor moves from an off or an open position to an
on or a closed position with the mercury switch.

Electronic load transducers and foot contact monitors are available that can be
inserted into the heels of shoes to monitor loads held, lifted, or carried and walking
activity (Barber et al. 1973). For example, the ambulatory foot contact monitor can
estimate metabolic cost of human locomotion from body weight and foot contact time
during each stride (Hoyt et al. 1994). Due to technical and practical limitations such as
transducer drift and discomfort, these devices (i.e., in-shoe step counters, foot contact
time monitors) have not been used widely in epidemiological research, and little
information is currently available on their accuracy in assessing habitual PA status and
daily EE (Hoyt et al. 1994). However, this technology could be used to detect standing
versus sitting due to the pressure differences at the foot.
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Other sensors, including global positioning systems, barometers, gyroscopes, and
cameras, can be used to detect motion as a primary device or as a secondary device in a
multisensor arrangement. They are included here for the sake of completeness, but their
capacity to contribute to the measurement of sedentary behavior might be limited. The
Global Positioning System (GPS) is a satellite-based navigation system that provides
location and time information using specialized satellite networks. It requires unobstructed
line of sight to four or more GPS satellites and a receiver. A GPS receiver calculates its
position by precisely timing the signals sent by GPS satellites high above the Earth. Each
satellite continually transmits message signals that include the time when the message was
transmitted and the satellite position at time of message transmission. The receiver uses the
messages it receives to determine the transit time of each message and computes the
distance to each satellite based on the speed of light. These distances and the satellite
locations are used to compute the location of the receiver using geometric triangulation to
resolve the latitude and longitude and even elevation. Since the receiver sends and receives
transmissions continuously, any change in these three parameters represents a motion.
However, commonly used commercial GPS receivers are fairly imprecise (2-3 m of error
range or ambiguity), which makes it hard to differentiate minor movements from staying
still. Recent developments in what is called Carrier-Phase Enhancement GPS can
potentially improve the precision by about 100-fold (3 cm ambiguity).
A change in altitude or elevation can be measured with a barometer by detecting changes
in atmospheric pressure. Barometers have been used in conjunction with other sensors, such
as accelerometers and GPS devices, to provide or refine measures of elevation change. The
elevation data can allow distinctions between walking on the flat and walking on an incline,
stairs, or hills. However, the major limitation of these sensors is that ambient changes of
atmospheric pressure and temperature require the barometer to be frequently calibrated. The
sensitivity to detect small changes is also limited by most marketed portable barometers.
Positional tilt and rotation can be measured by a gyroscope, which is a sensor that
measures the angular movement around one or more axes. Gyroscopes quantify angular
position and yield continuous measures of angular velocity and acceleration. These outputs
contrast with mercury switches that output only on and off positions and with
accelerometers (to be covered in later sections) that measure linear acceleration. The main
limitations of gyroscope sensors are their larger size, greater cost, and relatively high power
consumption, which are all critical issues for a portable monitor that needs to operate over
several days in a small and inexpensive unit.
Wearable cameras record the context in which behaviors occur by taking images
automatically every fraction of a minute to provide measures of physical activity and
sedentary behavior. For example, if the photo shows a steering wheel and view through a
windshield, we know the wearer is sitting while driving a car. If a series of photos shows
bicycle handlebars and changing scenery, the wearer is riding a bike. Although some
wearable cameras have a privacy feature to prompt the camera to stop taking pictures
during inopportune times, privacy for people photographed remains a concern with the use
of wearable cameras.
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Accelerometers
In the past two or three decades, accelerometer-based sensors have represented the
predominant sources for detecting human motion as a primary device or as a secondary
device in a multisensor arrangement. Their application and contribution to the measurement
of sedentary behavior has been documented in numerous cross-sectional and longitudinal
studies (Atkin et al. 2012; Matthews et al. 2008; Colley et al. 2011; Arnardottir et al. 2012;
Bankoski et al. 2011).
By strict definition, an accelerometer measures what is called proper or true
acceleration, which is defined as the acceleration relative to free fall. So an
accelerometer at rest relative to the Earth’s surface will measure approximately 1 G (9.8
m/s 2 ) upward. However, depending on the type of the transducer, this has not always
been the case.
Beginning with accelerometers devised in the 1980s (Klesges et al. 1985) and used
widely until a few years ago, most sensing elements of accelerometers were piezoelectric
transducers configured in cantilever beams (figure 14.3a) or compressive plates (figure
14.3b) with seismic masses (Chen and Bassett 2005). Although such devices are capable
of measuring the dynamic changes in acceleration (change of velocity) over a range of
several Gs, the nature of these transducers does not allow them to measure static loads,
meaning that when they are at rest, their output is zero. This is due to the phenomenon
known as leakage (Togowa, Tamura, and Oberg 1998). Although some earlier versions of
the transducers were piezoresistive, and used Wheatstone bridges to detect both static and
dynamic components of acceleration (Montoye et al. 1983), temperature-sensitive drift
and limited dynamic range significantly hindered the capabilities of this type of sensor.

Figure 14.3 Two common configurations of piezoelectric accelerometer
transducers. The (a) cantilever beam accelerometer and (b) piezoelectric
compressive plate accelerometer.
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Adapted from Chen and Bassett 2005.
Technological advance has allowed transducers to be developed and manufactured to
evolve from the piezoelectric cantilever beam and piezoelectric or piezoresistive
compressive integrated chips to differential capacitance accelerometers. Most of these
newer transducers are true accelerometers that measure resting gravitational inertia (1
G). They are now micromachined within or on the surfaces of a polysilicon structure. In
such a device, called a microelectromechanical system (MEMS), a differential or variable
capacitance sensor is typically constructed with plates attached to a moving mass and
fixed plates, and the capacitance between these plates is dependent on the distances
between the plates as an acceleration is applied to the moving mass (figure 14.4). The
piezoresistive and differential capacitance accelerometer are sensitive to both motioninduced accelerations and gravitational acceleration. Moreover, they can be used to
measure tilt angle based on the measured signal in the y-axis (a y )—at a tilted angle, θ is
equal to 1 G × cos(θ). Conversely, the angle θ can be solved when a static signal is
measured (figure 14.4).

Figure 14.4 A capacitive accelerometer that can detect static (tilt) and dynamic
signals. The internal structure of the capacitance-based
microelectromechanical system (MEMS) triaxial accelerometer (a). C1 and C2
represent capacitors for the upper and lower surfaces, which change their
capacitances with the moving seismic mass in the middle. The differential
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signals (b, c) from different axes (x and y) can be used to calculate the angle
(θ) at which the sensor is positioned in relation to the gravitational axis (+1 G).

\QQ missing asset; callout: \INSERT Art E6212_544900, F 14.04a, ID:
544900, here\ xQQ\

Adapted from Chen et al. 2012.
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This unique property of capacitance sensors has allowed a new class of accelerometers to
emerge and function as tilt sensors similar to gyroscopes. A good example of this
application is the activPAL (PAL Technologies, Glasgow, Scotland), an accelerometerbased monitor worn on the top surface of the thigh that can differentiate sitting or lying
from standing postures and indicate locomotive activities based on the dynamic
components of acceleration (Ryan et al. 2006).

Accelerometer Counts
A common output of accelerometers that has historically been used for physical activity
and sedentary behavior research is counts. However, substantial confusion is still associated
with this nomenclature. It is believed that the origins of the term count can be traced to
early generation activity monitors that had little or no solid-state capacity to quantify
multiple levels of activity, such as in a pedometer, where motion that caused the
acceleration signal to exceed the threshold was counted as activity; anything below this
threshold was ignored. At the end of the measurement period, the number of activity counts
would be recorded. More recently, the output of the accelerometer has been put through
analog-to-digital (A/D) conversion to generate a continuous measure, but many
manufacturers retained the nomenclature of output units as counts without using a threshold
crossing counter.
For example, the ActiGraph’s 7164 accelerometer transducer has a maximum range of
±2.13 G. The A/D is an 8-bit device yielding 28 levels (256 counts) to cover the entire range
of acceleration, in this case, 4.26 G. This resulted in 1 count representing 4.26 G/256
quantization levels; because acceleration is being sampled 10 times a second, the result is
0.001664 G/bit (or 0.001664 G/count). Since the lowest resolution is 1 second, this
becomes 0.01664 G·count-1·second-1 on the ActiGraph 7164 device.
However, counts can mean different quantities when comparing outputs from one type of
accelerometer to another due to differences in sensor ranges, linearity, A/D types, sampling
rates, and integration algorithms (Chen and Bassett 2005; Welk, McClain, and Ainsworth
2012), and not all manufacturers release their specific description of this critical measure.
The analytical process of calculating counts has been previously described in detail (Chen
and Bassett 2005), including a discussion of the pros and cons of the process.

Translating Counts Into Energy Expenditure
Although the accelerometer counts are arbitrary in nature and vary greatly between
monitor manufacturers, they provide objective and continuous measures that represent the
intensity of the movements of the subjects. Many researchers have taken the counts from
accelerometers and modeled them into energy expenditure (EE) metrics, particularly
activity-associated EE, labeled as activity energy expenditure (AEE), energy expenditure of
activity, or physical activity energy expenditure (Butte, Ekelund, and Westerterp 2012).
Multiple modeling approaches exist for estimating EE from the accelerometer counts. By
far the most commonly used approach has been linear regression, owing to historical
evidence of a high correlation coefficient between counts assessed at the hip and certain
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locomotive activities such as walking. However, although walking is a common form of
physical activity in the free-living condition, the generalization of a simple linear regression
result to all activities can lead to errors for activity type identification and total EE
prediction (as measured by doubly labeled water) (Plasqui, Bonomi, and Westerterp 2013;
Plasqui and Westerterp 2007; Staudenmayer, Zhu, and Catellier 2012). Several causes exist
for this error. One is that the linear relationship assumption between AEE and counts was
established during steady-state conditions of intensity within a few specific activities, while
free-living activities consist of multiple activity types and intensity levels as well as
transitions between different activities and postures. Another error source is that the
baseline EE, which is used to determine METs, was not always carefully measured in
calibration studies. Classically, resting metabolic rate (RMR) or resting EE is measured
while the subject maintains a comfortable and quiet supine posture in a thermally
comfortable and low ambient noise room, after having been fasted and well rested for at
least 8 hours. Without accurate measurements of this baseline, calculations of METs or
AEE can be skewed.
Other models and approaches have been applied to counts in attempts to improve AEE
prediction over a wide range of activity types and intensities, such as nonlinear regressions
(Chen and Sun 1997; Chen et al. 2003; Puyau et al. 2004; Campbell, Crocker, and
McKenzie 2002), multivariate regressions including terms such as lags (time points prior to
the direct one-to-one matched counts) (Butte et al. 2010; Zakeri et al. 2010; Choi et al.
2010), and two-regression models based on variability over adjoining time samples
(Crouter, Clowers, and Bassett 2006). Regardless of the specific modeling approach, the
goals of developing calibration equations have traditionally been oriented toward obtaining
certain thresholds or cut points to categorize daily physical activities into different
intensities (e.g., moderate-intensity or vigorous-intensity activity), or the multiplier of
resting EE (often measured in METs). A common intensity categorization metric for adults
is sedentary (<1.5 METs), light (1.5–2.99 METs), moderate (3–5.99 METs), and vigorous
(≥6 METs), and thus the corresponding count values can be derived from these models and
used for field studies.
\qqBegin special element\

Free-Living Conditions and Accelerometer Measures
Because the development of accelerometer hardware and its application in the past two to
three decades was focused on physical activity, establishment of counts-METs models
focused on activity intensity of 2 METs or greater. As a result, sedentary behavior, which is
defined as less than 1.5 METs in intensity, has often been defined as periods during which
subjects are not active by deduction rather than by direct measurement. This is likely due to
two major factors. First, obtaining accurate and precise reference measures of EE during
sedentary and light-intensity activities is a challenge because the signal-to-noise ratio is low
at these low levels of expenditure. Second, the traditional accelerometer placement on the
hip or waist does not measure the movements of the limbs that occur while being sedentary.
Another potential factor is that some model developers measure AEE during multiple
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activity types or intensities, but often include only one or two sedentary behaviors. When
each activity is treated as a single data point and an overall minimum error in estimation is
optimized (e.g., least sum of squares), this assumes that there is an equal probability of one
type of sedentary behavior (e.g., sitting) relative to one type of activity (running). However,
in the free-living condition, the proportions of time spent active or sedentary are likely to be
vastly different, with sedentary behavior encompassing a larger proportion of the day
(Matthews et al. 2008). As a result, some laboratory accelerometer models developed for
predicting EE do poorly under free-living conditions (Plasqui and Westerterp 2007).
\qqEnd special element\

Assessing Sedentary Behavior by Counts Threshold
As use of accelerometers increased, researchers extended the aspects of physical activity
behavior measured by the devices from moderate- or vigorous-intensity activity to lowerintensity activity and even sedentary behavior. A threshold of 100 counts per minute (cpm)
is frequently used to distinguish sedentary behavior from light-intensity activity. This
threshold derives from methodological research done in conjunction with the Trial of
Activity in Adolescent Girls (TAAG) study (Treuth et al. 2004). The TAAG investigators
found that a threshold of 100 cpm (actually 50 counts/30 seconds) had no false positives or
false negatives for identifying light-intensity activity in their calibration study. Therefore,
counts of less than 100 cpm were classified as sedentary behavior.
Higher ActiGraph count thresholds have been proposed, with values as high as 800
(Puyau et al. 2002) and 1,100 cpm (Jackson et al. 2003). The threshold of 800 cpm was
based on a linear regression of counts against activity energy expenditure, which may have
influenced the sedentary estimate, since sedentary-defined activities within this study
generated counts between 14 and approximately 300 cpm. The value of 1,100 cpm may
have been influenced by the age of participants, which was limited to ages 3 to 4 years
(Jackson et al. 2003). A study that examined thresholds of 50, 100, 150, and 200 cpm
determined that 150 cpm provided a better estimate of sedentary behavior than 100 cpm,
but the increase in precision was small (Kozey-Keadle et al. 2011). These higher values
have not had wide application, especially in research on adults.
The 100 cpm threshold was further supported by its application in the report of
population estimates of sedentary behavior from NHANES 2003-2004 (Matthews et al.
2008). The use in this study was supported by a validation study in adults that compared
postural and motion data measured by the Intelligent Device for Energy Expenditure and
Activity (IDEEA) monitor to ActiGraph count data. Although the validation study is
unpublished, the methods and results were described by Matthews and colleagues (2008).
A lower threshold of 50 cpm has also been proposed (Crouter, Clowers, and Bassett
2006). In an evaluation of several objective measures of sedentary behavior, Hart McClain,
and Tudor-Locke (2011) compared the ActiGraph, activPAL, and IDEEA monitors. They
found that an ActiGraph threshold of 50 cpm had good agreement with the postural
measures of combined sitting and lying time, while a higher threshold of 259 cpm agreed
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well with measures of combined lying, sitting, and standing. This study points out an
important issue for use of accelerometer-based devices to measure sedentary behavior. As
typically worn on the waist, or more recently the wrist, an accelerometer can detect motion,
but distinguishing postural position is a challenge because, for example, the orientation of
the waist while sitting up straight may be the same as while standing. ActivPAL addressed
this challenge by locating the device on the thigh, but the orientation of the thigh is similar
while sitting or lying down.

Practical Guidelines
A challenge when using accelerometers to measure sedentary behavior relates to the first
criterion in its definition, that the behavior occurs during wakefulness. This requires the
ability to detect sleep. A related issue when considering sleep, which is a quite inactive
state, is to be able to distinguish sleep from times that the accelerometer is not being worn.

Determining Accelerometer Nonwear
The first step in any analysis of accelerometer data will usually be to distinguish time that
the device was worn from when it was not worn. This step is required for evaluating
whether sufficient data are available for a given day or participant to be included in the
analysis as well as to exclude nonwear periods from subsequent calculations. In practice,
the critical aspect is defining and identifying nonwear periods. This identification is
typically based on periods of continuous zero counts under the assumption that an
accelerometer that is not worn will not be moving.
Investigators have defined accelerometer nonwear as periods of 10, 15, 20, 30, and 60
minutes (Evenson and Terry 2009) and some have even proposed 90 minutes as a criterion
(Choi et al. 2011). Initially, fixed windows of time were used, such that a decision of wear
or nonwear based on presence of any zero-count epochs (usually minutes) was made for
minutes 1 through 20, then for minutes 21 through 40, and so on. Later procedures
incorporated a moving window approach to evaluate wear or nonwear (Troiano et al. 2008).
The choice of nonwear definition is not likely to affect estimates of physical activity of
moderate or vigorous intensity, except by affecting the inclusion or exclusion of a given
day’s data. However, the classification of sedentary behavior is very sensitive to the
nonwear definition because a low or sensitive threshold for identifying nonwear is more
likely to classify sedentary periods as nonwear. For example, when comparing 20- and 60minute nonwear criteria for initial analysis of a subset of the accelerometer data from the
2003-2004 National Health and Nutrition Examination Survey, a criterion of 20 minutes of
zeroes led to 21% of the sample having more than five wear to nonwear transitions per day,
with 50% of older adults having more than five transitions. These values seemed
implausible, so the 60-minute criterion was selected. Note that the extent of
misclassification will vary by population. Although many older adults may have legitimate
periods of low activity that could be misclassified as nonwear, studies with children may be
able to use shorter periods for nonwear definition. The effect of different nonwear criteria
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on the determination of sedentary behavior among a sedentary adult population was
explored (Oliver et al. 2011). Based on both sensitivity and specificity, they concluded that
at least 60 minutes of continuous zero counts should be used to determine nonwear in an
adult population with primarily sedentary occupation and further suggested that in
particularly sedentary populations, a period of 180 minutes of continuous zeroes should be
considered.
Technological advances have improved the ability to correctly classify accelerometer
nonwear. Some multisensor devices, such as the GENEActiv (Activinsights Ltd.,
Kimbolton, England) or BodyMedia arm bands (BodyMedia, Inc., Pittsburgh, PA),
incorporate temperature sensors that can detect when the device is being worn.
Furthermore, as increasing device memory has facilitated shorter measurement epochs
(time-integrated) and even raw data (typically referred as acceleration signals not integrated
over time and usually in higher frequency, 30-100 Hz), the sensitivity for detecting nonwear
is improved.

Determining Sleep
Accelerometers have been used in sleep research for nearly as long as in activity
research. Sleep researchers used a wrist-mounted piezoelectric accelerometer in a group of
hospital-bound inpatients and outpatients and found that the wrist data could distinguish
sleep from wakefulness with greater than 94.5% accuracy compared to the standard clinical
polysomnographic scoring (Mullaney, Kripke, and Messin 1980). Other researchers soon
followed this discovery by developing and validating automated algorithms (decision tree
with thresholds) to utilize nonobstructive accelerometer measurements from the wrist to
identify sleep and wakefulness (Cole et al. 1992; Tracy et al. 2014; Webster et al. 1982).
Wrist-worn accelerometer-based sleep watches continue to be used today as an accepted inhome sleep monitoring tool to study insomnia, circadian sleep and wake disturbances, and
other sleep disorders (Broughton, Fleming, and Fleetham 1996). Intriguingly, a hip-worn
accelerometer was also shown to measure sleep duration in adolescents as reliably as wrist
actigraphy (Weiss et al. 2010). Collectively, the use of accelerometers to efficiently and
accurately distinguish sleep from wakefulness is established.

Potential of Raw Accelerometer Data
Owing to the challenges of predicting the intensity and the types of physical activity
using only counts, the physical activity field has encouraged device manufacturers to move
away from counts, and researchers have started to explore the raw accelerometer data with
the goal of improving the accuracy and precision of assessing physical activity. The
rationale is that the counts represent only one dimension of the movement captured by the
accelerometer, which is a product of the activity intensity and time (epoch). Other
components or features of the raw data, which are lost after integration and filtering, may
actually be useful for distinguishing different types of activities and the small differences
between or within individuals that cause a divergence in EE.
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Unlike the regression approaches that were frequently used to model counts to EE,
modeling AEE and activity types using large amounts of raw data or multiple features of
the raw data requires more sophisticated approaches, such as hierarchical decision trees
(Kiani, Snijders, and Gelsema 1997; Mathie et al. 2004), k-nearest-neighbor classification
(Bussmann et al. 1998), support vector machines (Lau, Tong, and Zhu 2009), naive Bayes
classifier (Long, Yin, and Aarts 2009), Gaussian mixture model (Allen et al. 2006), hidden
Markov model (Pober et al. 2006; Mannini and Sabatini 2010), artificial neural networks
(Kiani, Snijders, and Gelsema 1998: Rothney et al. 2007; Staudenmayer et al. 2009), and
other machine learning techniques (Liu, Gao, and Freedson 2012). Although many of these
approaches demonstrated substantial improvements (>50% reduction in root mean square
error of METs) compared to simple linear regression estimates of a variety of activity types
and intensities, the focus was not on sedentary behavior.
However, the great potential to use different features (time domain, frequency domain,
and heuristic) (Preece et al. 2009; Troiano et al. 2014) to simultaneously quantify postures
(sitting vs. standing), intensity (EE < 1.5 METs), and sleep from the raw accelerometer
signals provides a promising way forward for sedentary behavior (Rowlands et al. 2014;
Rowlands et al. 2016). Future research regarding raw data should address the following
issues:
1. Focus on model development in a variety of sedentary behaviors, or include more
sedentary behaviors with active components, and use appropriate weighing factors to
adjust for probability distribution of sedentary versus active components in the freeliving condition.
2. Test multiple locations of sensor attachments for posture detection that could yield
sensitive measurements of sitting versus lying down versus standing and locomotion,
as well as for EE estimations (summarized in table 14.1).
3. Determine the minimum number of sensors and locations for optimizing the balance
of measurement accuracy and precision with subject convenience and acceptability as
well as model complexity.

Table 14.1 Ability to Measure Sedentary Behavior Characteristics at Common
Body Locations
Body location Wakefulness
Waist/hip/
back

<1.5 METs

Possible by motion Yes, by regression calibraprofile
tion/thresholds

Chest/sternum Possible by motion Yes
profile

Sitting or reclining
Not easy to distinguish
sitting vs. standing
Not easy to distinguish
sitting vs. standing
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Thigh

Possible by motion Possibly, based on stepping
profile.
frequency

No; cannot distinguish
sitting vs. lying

Ankle

No, because of
restless leg syndrome

Possibly, based on stepping
frequency

No

Foot (load
cell)

No

Possibly, based on stepping
frequency and load

Yes

Upper arm

Yes

Yes, by regression calibration/thresholds

No

Wrist

Yes

Yes, by regression calibration/thresholds

Possible by motion
profile.

Summary
With increasing interest in examining the role of sedentary behavior in chronic disease
morbidity and mortality, high-quality assessments of sedentary behavior in populationbased settings are becoming increasingly important (Atkin et al. 2012). Motion sensors are
commonly used for objective measurements of physical activity, particularly for locomotive
body movements such as walking and jogging. Motion sensors have also been used to
estimate the time of sedentariness if the intensity fails to reach a threshold associated with
light-intensity physical activity. The enhanced definition of sedentary behavior requires
three criteria: wakefulness, energy expenditure < 1.5 times resting metabolic rate, and a
sitting or reclining posture. Currently, no activity monitor can accurately and precisely
quantify all three criteria simultaneously. Although several different kinds of motion or
movement sensors exist, accelerometers are the most widely used sensors because the
differential capacitive transducers are sensitive to both dynamic changes (active linear
movements) and static changes (postures). To improve the objective assessment of
sedentary behavior, future research should take advantage of devices with advanced sensor
technology, either independently or in combinations with other sensors, and consider
applying devices to more than one body location. The raw accelerometer data or derived
features should be analyzed with modern sophisticated modeling approaches and
appropriate model development and validation considerations.
\qqBegin special element\
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Key Concepts
• Accelerometers: A single piezoelectric sensor, commonly used in activity monitors
before 2009, cannot measure static (postural) changes in positions or angles. Current
accelerometers are generally capacitive based, multiaxial, and constructed as
microelectromechanical systems (MEMS) that can measure both static and dynamic
signals. The output of accelerometers originates from m/s2 or proportions of the Earth’s
surface gravitational constant (G) but is quite frequently expressed in counts, which are
generated by devices internally.
• Basic needs of motion sensors for measuring sedentary behavior: In addition to the
common requirements of physical activity monitors, the ideal motion sensor will be able
to differentiate wakefulness from sleeping states and sitting or reclining from standing
postures and ambulation and to quantify the intensity of physical activity levels.
• Different types of motion sensors: Active sensors (e.g., radar sensors) are useful in
confined spaces (laboratories); passive sensors are suited for free-living applications.
Pedometers are not well suited for measuring nonambulatory movements. Tilt sensors do
not measure intensity of activity. Among new technologies, GPS, barometer, gyroscopes,
and wearable cameras all have unique features that need to be optimized for assessing
sedentary behavior. Accelerometers have been used broadly for estimating physical
activity intensities (activity energy expenditure) for the last two+ decades. Now with
enhanced abilities to estimate body segment angles (postures), they have been developed
and used for quantifying sedentary behavior.
• Nonwear and sleep detections: Accelerometer counts for nonwear and sleep may be
very similar to sedentary behavior if using simple threshold methods. Improving this
area could include using more sophisticated algorithms from raw multiaxial data and
incorporating temperature or conductance sensors to detect if the device is being worn
next to the body. Sleep detection using wrist-worn accelerometers has been established.
• Predicting activity intensity levels using counts and counts thresholds: Activity
energy expenditure can be modeled from accelerometry signals by regression
approaches. However, sedentary behavior types vary greatly. Measuring energy
expenditure using criterion measure at or below 1.5 METS is challenging. Typical
studies for energy expenditure model development and calibration are not focused on
sedentary behavior. All of these factors cause errors in current accelerometer methods for
estimating sedentary behavior. A threshold of 100 cpm (using hip-worn ActiGraph
accelerometers) is frequently used to distinguish sedentary behavior from light-intensity
activity. Wrist-worn accelerometers can improve subject compliance (increase wear
time) and estimate sleep, but predicting activity intensity using counts alone seems to be
challenging.
• Raw-data accelerometry: Compared to counts, raw-data accelerometry offers great
potential for enabling use of different features (time domain, frequency domain, and
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heuristic) to detect sleep, differentiate among postures (sitting vs. standing), and quantify
intensity (EE < 1.5 METs) simultaneously from the raw accelerometer signals.

Study Questions
1. What characteristics define sedentary behavior?
2. What are the principles of motion sensors?
3. How can we use motion sensors to measure physical activity intensity?
4. How can capacitance-based accelerometer detect sensor positions (i.e., body
segmental angles)?
5. How can we optimize different motion sensors, alone or in combinations, to measure
sedentary behavior, considering its three-pronged definition?
6. What can cause errors when estimating energy expenditure using accelerometry
counts in low-intensity activities, including sedentary behavior?
7. What alternative approaches have been (can be) used to improve the quantification of
sedentary behavior from raw-data accelerometers?
8. In the future, what types of motion sensors should be considered to improve the
measurement of sedentary behavior, alone or in combination?
\qqEnd special element\
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Chapter 15
Assessing Sedentary Behavior
Using Physiological Sensors
David Bassett, PhD; and Dinesh John, PhD
\qqBegin special element\
The reader will gain an overview of the inner workings of various devices used to assess
sedentary behavior that contain physiological sensors. By the end of this chapter, the reader
should be able to do the following:
• Describe the importance of combining physiological sensors with motion sensors to
accurately measure sedentary behavior
• List three reasons why it is important to accurately measure sedentary behavior in
research studies
• Describe the various types of physiological responses that can be used to improve
measurement of sedentary behavior
• Describe the key components of physiological sensors
• Describe the measurement principles of physiological sensors
• Provide practical guidelines on how to assess sedentary behavior with physiological
sensors
\qqEnd special element\
Two components exist for measuring sedentary behavior:
1. Posture (i.e., sitting or reclining)
2. Energy expenditure of 1.0 to 1.5 METs
One MET, or metabolic equivalent, is equivalent to the average resting oxygen uptake of
a healthy normal-weight adult, i.e., 3.5 ml·kg-1·min-1 (Ainsworth et al. 2011). The previous
chapter describes how motion sensors are used to directly measure body postures (e.g.,
lying, sitting, standing). However, these technologies do not provide the most accurate
method of addressing the second component of this definition (i.e., energy expenditure).
If a researcher is using a single motion sensor (e.g., ActiGraph or Actical), sedentary
behavior can be misclassified. For instance, if a person performs limb movements while
sitting in a kayak, on an assembly line, or on a recumbent bicycle, energy expenditure may
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exceed 1.5 METs. A waist-worn device would classify these activities as sedentary when in
fact they are not. Multisensor systems that combine physiological and motion sensors, or
multiple motion sensors on different limbs, can minimize this problem.
Another limitation of single motion sensors is that they tend to group sitting and lying
down together. Studies measuring sedentary behavior over a 24-hour period need to
distinguish between these two body postures. Importantly, sedentary behavior is distinct
from sleep (which is almost always performed lying down). Sleep has restorative powers on
mental and physical function and adequate sleep is important for maintaining a healthy
body weight (Owen et al. 2012). Use of physiological sensors in combination with motion
sensors, or multiple motion sensors, can overcome this problem.
Why are more accurate measurements of sedentary desirable? Currently, sedentary
behavior research is in its infancy. Most of the early evidence regarding the health hazards
of prolonged sedentary behavior comes from epidemiological cohort studies of people with
active or sedentary occupations (Morris et al. 1953a, 1953b; Paffenbarger et al. 1970).
Subsequent studies of more diverse adult populations have confirmed that prolonged
sedentary behavior is associated with an increased risk of death from all causes and
cardiovascular disease (Dunstan et al. 2010; Katzmarzyk et al. 2000; Owen et al. 2010;
Warren et al. 2010) and with reduced life expectancy (Katzmarzyk and Lee 2012). These
studies have shown that people who accumulate more time in sitting and those who fail to
break up prolonged sitting with bouts of physical activity exhibit unfavorable
cardiometabolic profiles and are at increased risk of death from all causes, cardiovascular
disease, and cancer (Katzmarzyk et al. 2000). Some short-term investigations have been
done on the physiological effects of sedentary behavior in humans, a field that is becoming
known as inactivity physiology (Bey and Hamilton 2003; Hamilton, Hamilton, and Zderic
2007; Howard et al. 2013; Stephens et al. 2011; Zderic and Hamilton 2006). A few pilot
longitudinal intervention studies have also been done to reduce sedentary behavior (John,
Thompson, et al. 2011; Steeves et al. 2012; Tucker et al. 2011), and larger randomized
clinical trials are currently ongoing (Salmon et al. 2011). However, improved measures of
sedentary behavior are needed to clarify the relationships of sedentary behavior and health
outcomes and measure the efficacy of sedentary behavior interventions.
Physiological sensors are wearable devices used to assess and visualize physiological
function in research and clinical practice. These devices detect responses to stressors that
perturb the system, such as physical activity, diet, psychological stress, and environmental
exposures to pathogens. Some examples of physiological variables that can be used to
improve sedentary behavior assessment are body temperature, heart rate, oxygen saturation,
respiration, heat flux, galvanic skin responses, and surface electromyography (EMG).
Motion sensors detect only posture, and physiological sensors can be used to document
the level of energy expenditure. Combining these two will allow the distinction between
true sedentary behavior (sitting or reclining with EE = 1.0–1.5 METs) and bouts where
person is sitting but engaging in upper-body physical activity that elevates energy
expenditure above 1.5 METs. In addition, these physiological measurements can provide
unique insights into mechanisms underlying the health risks of prolonged sedentary
behavior.
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Key Components of Physiological Sensors
The key components (see figure 15.1) of devices used to sense physiological responses to
particular behaviors are as follows:
•
•
•
•

Power source
Physiological sensor
Data logger or wireless transmitter
Post-processing software to make the data usable

Figure 15.1 The key components of devices used to sense physiological
variables during particular human behaviors.

When considering the power source, battery life and size are two major factors that can
limit the wearability and recording of data over prolonged durations. However, recent
advances in battery technology (e.g., lithium ion) enhance miniaturization of the device,
rapid recharging, and prolonged data collection.
Physiological sensors are the miniature electronics that form the core of the sensing
device. Typically, the sensor is sensitive to an external physical property that is converted to
an electrical signal. The electrical signal is then processed (using an internal or external
computer) and displayed in a format that is usable, and represents the changes in
physiological variable of interest in the body.
Up until recently, limited onboard memory did not allow researchers to collect data over
prolonged durations. This limitation has been overcome through current microcontroller
and solid-state memory data-logger technology, which allow the procurement and recording
of data for periods ranging between 1 week and 1 year. However, keep in mind that storage
capacity also depends on the preset sampling rate or epoch in which one chooses to collect
data. In addition, low-cost, low-power-consumption wireless transmission platforms are
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available (BlueTooth v.4.0, ZigBee, and ANT+ protocols). These allow users to wirelessly
download data from the data logger to a handheld or stationary computer when they are in
close proximity.
Once data have been downloaded, post-processing is done with computer software. This
essentially converts the electrical signal into a physiological measurement that has meaning
and can be interpreted by researchers. For example, the electrical signals that corresponds to
voltage changes made through the use of skin (surface) electrodes (as shown on an
electrocardiograph machine) can be converted to heart rate. Heart rate is an example of a
physiological variable that has meaning to researchers. Measurements of heart rate can then
be used to estimate other variables such as energy expenditure.

Measurement Principles of Physiological Sensors
Physiological sensors have been designed that measure a number of different variables,
including oxygen uptake, heart rate, heat flux between the skin and environment, sweating,
electrical activity of skeletal muscles, and respiration (breathing). All of these physiological
variables tend to increase as the rate of energy expenditure increases.

Oxygen Uptake
Oxygen uptake represents a gold standard for measurement of energy expenditure.
Indirect calorimetry refers to the indirect measurement of body heat production through
measurements of respiratory gas exchange. If the rates of O2 uptake and CO2 production are
known, the rate of caloric expenditure (or kJ/min) can be precisely computed. However,
from an exercise physiologist’s perspective, energy expenditure is often quantified simply
by expressing oxygen uptake ( O2) adjusted for body mass in units of ml·kg-1·min-1.
In lab research, there may be some instances where a very accurate measure of oxygen
consumption is desirable for establishing whether a person falls within the 1.0 to 1.5 METs
range. Under these circumstances, a researcher could quantify the energy cost of an activity
by either portable indirect calorimetry or room calorimetry. Both of these methods make
use of open-circuit spirometry and the respiratory Fick principle, which holds that the rate
of oxygen consumption is equal to the ventilation rate multiplied by the difference in partial
pressures of gases upstream and downstream of the individual.
With a portable calorimeter, a face mask is placed over the subject’s nose and mouth, and
ventilation is assessed using turbines that spin on jeweled bearings. An infrared beam
detects the number of revolutions of the turbine and uses this to assess the minute
ventilation rate (VE in L/min). A gas-sampling port next to the turbine samples the inspired
and expired gas fractions, and the rate at which oxygen is consumed by the body is
determined on breath-by-breath basis. An advantage of this technique is that the subject
does not need to be confined to a room or tethered to a metabolic cart and can perform a
wide range of activities inside and outside of the laboratory.
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With a room calorimeter, outside air is pulled through a specially constructed chamber,
and the subject is free to move about within the tightly enclosed space. The rate of airflow
is measured, as well as the gas fractions of air on the upstream and downstream sides. The
gas analyzers must be highly accurate, since the extraction of O2 and CO2 is extremely
small due to the high rates of airflow. Corrections for air temperature must also be made,
since these affect the measurements.
O2 measurements are used to quantify the energy costs of lying, sitting, standing, and
walking. For instance, the 2011 Compendium of Physical Activities (Ainsworth et al. 2011)
gives the energy cost of these activities and corresponding studies on which the values are
based. Table 15.1 shows a sample of physical activities from the compendium, with each
activity represented by a different 5-digit code. The authors of the compendium found 11
studies that quantified the energy cost of lying quietly and 27 studies that quantified the
energy cost of sitting quietly. The values shown in the METs column represent the average
of those original investigations. Interestingly, the oxygen costs of sitting and standing are
the same (1.3 METs). Hence, from an energy expenditure standpoint, these two activities
are identical, and only with the initiation of walking is there an increase in metabolic rate.
\Place Table 15.1 here\

Table 15.1 Energy Cost (METs) of Common Activities, Based on a Number of
Studies
Activity

Activity code Number of stud- METs
ies

Sleeping

07030

2

0.95

Lying quietly

07010

11

1.0

Sitting quietly, general

07021

27

1.3

Reclining, reading

07070

1

1.3

Standing quietly (standing in a line)

07040

21

1.3

Standing, fidgeting

07041

1

1.6

Walking, 3.2 kmph (2.0 mph), level ground, firm
surface

17152

7

2.8

Walking, 4 kmph (2.5 mph), level ground, firm
surface

17170

9

3.0

Walking, 2.9–5.1 kmph (1.8–3.2 mph), level
ground, firm surface

17190

17

3.5
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Source: Compendium of Physical Activities. See https://sites.google.com/site/
compendiumofphysicalactivities.

Heart Rate
Heart rate (HR) is a physiological variable that correlates with oxygen uptake over a
wide range of exercise intensities. Heart rate can be detected through the use of skin
electrodes placed on the torso that measure the potential difference between positive and
negative electrodes in response to depolarization of the heart muscle. The number of R
waves generated within a given time period can be used to determine heart rate. Heart rate
information can be either stored in a data logger or transmitted to a wristwatch-style
receiver, where it is stored until later downloaded.
Heart rate is not the most sensitive method for detecting changes in body posture and
small changes in energy expenditure. The signal–noise ratio is less than with other methods,
and heart rate has a tendency to increase with excitement or anxiety. Hence, heart rate may
not be the method of choice for documenting when someone is in the range of 1.0 to 1.5
METs. That said, the flex HR method relies on measurement of HR during the supine,
seated, and standing conditions and during light activity (Janz 2002). The heart rate versus
oxygen uptake response is graphed, and the inflection point (often 70-90 beats/min) is used
to denote the heart rate value above which the linear relationship between HR and oxygen
uptake is used to estimate energy expenditure. Below flex HR, the subject is credited with
an energy expenditure of 1 MET.
Nevertheless, heart rate has been used in determining how much time is spent in
sedentary behavior. Helmerhorst and others (2009) used a heart rate monitor to determine
the amount of time spent in sedentary behavior in 376 adults. The ratio between time spent
below an individually determined threshold (designated as flex HR) and the total wear time
was used to measure sedentary time. In this study, they found that the amount of sedentary
time was significantly related to the fasting plasma insulin independent of the amount of
MVPA performed.
Various studies have also examined the use of a simultaneous heart rate–motion sensor
method for estimating energy expenditure (Haskell et al. 1993; Strath et al. 2002; Strath,
Bassett, and Thompson 2001). For instance, Strath and others (2002) had 10 adults perform
physical tasks in a field setting, while heart rate, oxygen uptake, and acceleration data were
collected on a near-continuous basis for 6 hours. Arm and leg accelerometers were used to
detect upper- and lower-body movements, and oxygen uptake was predicted from
individual heart rate–oxygen uptake calibration curves. The authors compared predicted
METs with measured METs obtained using a portable metabolic measurement system as the
criterion. The simultaneous motion sensor–heart rate method closely tracked the gold
standard, which was energy expenditure as measured by indirect calorimetry.

Heat Flux and Galvanic Skin Response
Devices that use a combination of physiological and motion sensors are now
commercially available. For instance, the SenseWear armband (BodyMedia, Pittsburg, PA)
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is a device that has an accelerometer and physiological sensors that measure near-body
temperature and ambient temperature, heat flux, and galvanic skin response. These
variables serve as input for manufacturer-specific equations for estimating energy
expenditure. This device is worn on the bare arm over the triceps and is secured with an
elastic armband with Velcro closure.
The validity of the SenseWear armband has been tested in numerous studies, and the
device and accompanying software have been modified over time to improve energy
expenditure estimation. New versions of the device use machine-learning algorithms to
convert the signals from these sensors into energy expenditure. Although early versions of
the armband examined mainly walking, running, and cycling (Fruin and Rankin 2004;
Jakicic et al. 2004), more recent studies have examined the ability of the armband to
accurately measure EE over a wide range of activities (Colbert et al. 2011); Drenowatz and
Eisenmann 2011; Dudley et al. 2012; King et al. 2004; Wadsworth et al. 2005; Welk et al.
2007).
Dudley and others (2012) examined the SenseWear Pro 3 against indirect calorimetry in
19 activities. The device was quite accurate for identifying the energy cost of four sedentary
activities (seated rest, driving a golf cart, seated television viewing, and reading a book
while sitting) (figure 15.2). Output variables included minutes of physical activity, time
spent in sleep, sedentary behavior (<3.0 METs), moderate activity (3.1–6.0 METs),
vigorous activity (6.1–9.0 METs), very vigorous activity (>9.0 METs), and total daily
energy expenditure (kcal). Obviously, the BodyMedia company’s definition of sedentary
behavior is not the same as that used in this chapter, but researchers can determine when an
individual is in a range of 1.0 to 1.5 METs by using the energy expenditure data.

Figure 15.2 Validity of the Sensewear Pro 3 armband for estimating energy
expenditure in adults (N = 68). The armband was reasonably accurate at
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detecting sedentary behaviors. In this study, indirect calorimetry (Cosmed
K4b2, a portable metabolic system) served as the criterion.

From Dudley et al. 2012.

Surface Electromyography
Surface electromyography (SEMG) is a technique used to measure the electrical activity
of skeletal muscle. SEMG devices consist of two or three electrodes (positive, negative, and
ground) that are adhered to the surface of the skin above the muscle of interest. The
electrodes detect the electric activity of muscle cells at rest (−90 MV) and during
depolarization (action potential +30 MV) and transmit an electric signal proportional to the
detected electrical activity. This signal is then amplified and stored onboard for later
analyses.
SEMG technology has undergone rapid advancements. Traditionally, SEMG
measurements involved wired electrodes connected to a desktop data-logging and
processing unit. New developments have miniaturized the electronics required for logging
and transmitting SEMG data. SEMG manufacturers now provide the small recording units
that can be worn on the surface of the skin for prolonged periods of time while
simultaneously recording EMG activity of the muscle.
Theoretically, combining SEMG data with motion data could provide supplementary
information to reduce misclassification of sedentary behavior. A relevant example is
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misclassification of standing as sedentary behavior when using hip-worn activity monitors
like the ActiGraph. Most standing activities are classified as sedentary when using the
ActiGraph sedentary behavior cut point of <100 counts per minute because there is no
vertical movement of the hip while standing. However, static muscular contractions of
muscles in the back and legs are increased greatly to support standing posture compared to
the seated position (Nag et al. 1986; Soames and Atha 1981). SEMG monitors can be used
to detect the electrical activity of postural muscles (Suzuki et al. 2010; Watanabe et al.
2006). Combining SEMG output with ActiGraph output will help to correctly distinguish
those standing bouts that may have been incorrectly classified as sedentary behavior when
using the ActiGraph alone. Researchers can also use the EMG data to refine existing
advanced pattern recognition techniques that estimate sedentary behavior from a single
motion sensor. Time-stamped SEMG output can be synchronized with motion sensor data
to identify those periods that were misclassified as sedentary behavior by the motion sensor
output. Misclassified acceleration outputs could be used to train the pattern recognition
technique to correctly identify sedentary behavior.

Some drawbacks of SEMG are as follows:
1. High cost (The technology is still developing and is relatively expensive.)
2. Inappropriate for long-term investigations (High sampling rates of three channels of
data limit battery life to about 1 day.)
3. High user burden (Depending on the muscle being examined, one or more SEMG
monitors may be required to obtain valid measures of muscular activity.)

Respiration
Respiration can be measured using strain gauges to measure chest wall expansion. For
example, an integrated measurement system (IMS) was developed as part of the National
Institutes of Health Genes, Environment, and Health Initiative (John, Liu, et al. 2011). This
device contains a triaxial capacitive MEMS accelerometer, a respiration sensor, and an
ultraviolet selective thin-film light sensor. The output from these sensors was analyzed
using a pattern recognition method in order to predict physical activity and sedentary
behaviors. The accuracy of the IMS device was high for sedentary activity (89% correctly
identified), household activities (94%), walking at a moderate pace (83%), and vigorous
activities (87%). The overall accuracy for predicting activity type and intensity improved
after including the respiratory sensor.
\qqBegin special element\

Multiple Motion Sensors
In addition to using physiological sensors, using two or more motion sensors can
improve the classification accuracy of sedentary behavior. The activPAL is an
accelerometer-based monitor that is typically worn on the thigh and classifies daily human
behavior into sitting or lying, standing, or ambulation. The monitor detects orientation of
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the thigh and discriminates between sitting or lying and upright posture, and it has been
validated for measurement of sedentary behaviors (Kozey-Keadle et al. 2011). However, a
current limitation of the activPAL is that it does not discriminate between sitting and lying
postures.
Four distinct behaviors (lying down, sitting, standing, and ambulation) can be correctly
classified by using two activPAL devices, one on the thigh and one on the chest. In one
study (Bassett et al. 2013), participants wore one device on the right thigh and another on
the torso. Both monitors were synchronized and initialized to record data in 15-second
epochs. Participants performed a choreographed routine of activities for 3 minutes
each. If both activPAL monitors recorded “sitting/lying,” the body position was classified
as lying down. If the activPAL on the chest recorded “standing” and the one on the thigh
recorded “sitting/lying,” the body position was classified as sitting. The use of two
activPAL devices has advantages over use of a single activPAL because it allows
researchers to distinguish between time spent lying down and time spent sitting. The
activPAL also allows the number of breaks in sedentary behavior per hour to be determined
(Lyden et al. 2012).
\qqEnd special element\

Practical Guidelines
When choosing a technique for measuring sedentary behaviors, researchers must be
cognizant of the strengths and limitations of the device. For large-scale population studies
that examine relationships between sedentary behavior and health, single motion sensors
like the activPAL and ActiGraph are sufficient. Multiple motion sensors (i.e., the twoactivPAL method described previously) can provide a more accurate measure of sedentary
behavior and should be used as a criterion variable to validate other measures of sitting. For
example, a questionnaire that aims to determine the amount of time spent sitting during the
course of a 24-hour period must be validated against a gold standard. The most accurate
method for determining sedentary behavior is to directly observe posture and measure
energy expenditure using indirect calorimetry. These combined measures should be used in
short-term lab-based studies of the physiological responses to sedentary behaviors.

Summary
Sedentary behavior is defined by both body posture (i.e., sitting or reclining) and a low
rate of energy expenditure (1.0–1.5 METs). Physiological sensors are wearable devices used
to assess and visualize physiological function. They can be used in conjunction with motion
sensors to improve the accuracy of measuring sedentary behaviors. Physiological signals of
interest include oxygen uptake, heart rate, heat flux and galvanic skin response, surface
EMG, and respiration. In addition, use of multiple motion sensors placed on different
locations of the body can provide more detailed information on body posture and the rate of
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energy expenditure. The field of sedentary behavior measurement is evolving, and future
technological advancements will yield improvements in our knowledge of the health effects
of sedentary behaviors.
Future research should strive to improve the accuracy, reliability, and wearability of
wearable monitors. Transdisciplinary collaborations among physiologists, engineers,
computer programmers, and behavioral scientists are needed to move the field forward. The
ideal location of sensors on the body should be determined, as well as the types of sensors
utilized. In addition to motion sensors and physiological sensors, another area that holds
promise is the use of flexible pressure-sensing pads. More sophisticated methods of data
processing are needed, including pattern recognition. Nanotechnologies, manufacturing
advances, and cost reduction will make the wearable sensors of the future more practical
and affordable.
\qqBegin special element\

Key Concepts
• Compendium of Physical Activities: A valuable resource for obtaining rough estimates
of the energy cost of various physical activities.
• Physiological monitoring devices: Examples include portable calorimeters, heart rate
monitors, surface EMG devices, heat flux monitors, and respiration monitors.
• Physiological sensors: Particularly useful in obtaining closer estimates of oxygen
uptake and energy expenditure and more accurate than those available from wearable
movement sensors.
• Sedentary behavior: The Sedentary Behaviour Research Network (2012) defines this as
any behavior during waking hours that is characterized by energy expenditure less than
or equal to 1.5 METs while in a sitting or reclining posture. One MET, or metabolic
equivalent, is equivalent to the average resting oxygen uptake of a healthy normalweight adult, i.e., 3.5 ml·kg- 1·min- 1.
• Wearable devices that measure physiological variables include the following key
elements: power source, physiological sensor, data logger or wireless transmitter, and
post-processing software.

Study Questions
1. In considering the definition of sedentary behavior provided by the Sedentary
Behavior Research Network (2012), why might it be important to use physiological
sensors to assess sedentary behavior?
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2. A healthy adult who is exercising at an oxygen uptake of 14.0 ml·kg-1·min-1 is said to
be exercising at how many METs?
3. Identify the MET level that is considered to be the threshold (or low end of the range)
for light-intensity physical activity.
4. Identify the range of MET levels for moderate-intensity physical activity.
5. List the key elements that make up a wearable device that measures physiological
variables.
6. List some physiological variables that can be readily measured using wearable
devices.
7. What is meant by the technique known as indirect calorimetry, and how is it
measured?
8. What special types of physiological sensors does the SenseWear armband use that
most other wearable devices do not?
9. What type of physiological sensor can detect the recruitment of skeletal muscle fibers
during physical activity?
10. How does the use of two activPAL devices (one on the thigh and one on the torso)
help to discriminate between sitting and lying postures?
\qqEnd special element\
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Chapter 16
Assessing Sedentary Behavior
Using New Technology
Dinesh John, PhD; and Stephen Intille, PhD
\ qqBegin special element\
The reader will learn about existing techniques for measuring sedentary behavior. By the
end of this chapter, the reader should be able to do the following:
• Describe key measurement areas that provide an improved understanding of sedentary
behavior and its determinants
• Describe various emerging technologies to measure sedentary behavior and its
determinants
• Understand how new technologies will help to meet expectations of study participants
and researchers to maximize the quantity and quality of usable data
\qqEnd special element\
The prevailing modern environment significantly promotes sedentary behavior, which
has detrimental effects on cardiometabolic indicators of health (Healy et al. 2007; Healy,
Dunstan, Salmon, Cerin, et al. 2008; Healy, Dunstan, Salmon, Shaw, et al. 2008;
Katzmarzyk et al. 2009). Sedentary behavior is a complex construct influenced by one or
multiple determinants, and it typically translates to a measurable behavior: sitting (Owen et
al. 2011). Social and physical environmental determinants interact with and influence
sedentary behavior. For instance, Kirchengast (1998) demonstrated that switching from a
rural lifestyle involving active commuting and occupation to a more sedentary urban
lifestyle with passive commuting in automobiles and seated desk jobs promotes weight gain
—a known risk factor for diabetes and other negative health outcomes (Abasolo et al. 2011;
Bankoski et al. 2011; Brownson, Boehmer, and Luke 2005; Dunstan et al. 2010; Healy et al.
2007). Modernization has greatly contributed to increasing sedentary behavior and
associated health risks.
Novel interventions targeting social and physical environments may counteract the strong
environmental cues that promote sedentary behavior in modern society. An example of an
integrated socio-physical environmental intervention is establishment of a workplace
culture promoting standing meetings (Marsiglia 2009). Moreover, technology, which
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contributes to increasing sedentary behavior, may itself be used to create new interventions
to reduce sedentary time. For instance, modifying the physical workplace environment
using innovative treadmill and sit-to-stand workstations decreases sedentary behavior while
allowing users to simultaneously perform work (Healy et al. 2013; John, Thompson, et al.
2011). New video games using motion sensors transform sedentary video game playing into
a more active experience (Peng, Lin, and Sun 2011). Applications of such technologies in
interventions may be required to counteract other environmental and societal cues that
promote sedentary behavior.
Current motion-sensing technology has greatly improved the measurement of sedentary
behavior. A new generation of measurement tools based on emerging technologies is likely
to provide researchers with enhanced capability to measure both sedentary behavior and its
determinants, and thus allow a much richer understanding of the purported independent
relationship between sedentary behavior and health. These new tools will also support
innovative research methodologies and novel computer-assisted interventions that may help
measure and curtail the harmful effects of sedentary behavior on health.

Existing Technology for Measuring Sedentary
Behavior
Prior to the early 2000s, sedentary behavior (sitting) was not a key variable measured in
health behavior and physical activity research. Few subjective assessment techniques
collected information on sitting behavior (Kriska and Caspersen 1997). However, reports of
objectively measured sitting time can be traced back to as early as 1967 in a study by
Bloom and Eidex. These scientists developed a wearable monitor with a normal wind-up
watch worn above the knee with a gravity-sensing switch that stopped the watch when the
person was sitting and worked only when the person was upright. Upright time was
subtracted from total wear time to derive sitting time. This device was used to measure
postural allocation in obese and lean people for up to 35 days (Bloom and Eidex 1967).
Technology has since advanced, and chapters 14 and 15 describe miniaturized wearable
sensors used to measure two key components of the sedentary behavior definition: posture
and energy expenditure.
Emerging evidence on the negative effects of sedentary behavior on health also prompted
large surveillance studies such as the United States National Health and Nutrition
Examination Survey (2003-2006) (Matthews et al. 2008) and the UK Biobank study to
estimate sedentary behavior using electronic hip-worn accelerometers. Both of these studies
are now using advanced wrist-worn sensors that save detailed data about limb motion to
estimate population-level physical activity and sedentary behavior (Troiano and McClain
2012). Advanced modeling techniques may be used to distinguish among activity type and
postures (e.g., sitting versus standing), but additional research is required to improve
estimates of sedentary behavior from wrist- and hip-worn sensors (Mannini et al. 2013).
While few subjective techniques measure sedentary behavior (Barwais et al. 2013;
Matthews et al. 2013), most sedentary behavior studies use a single sensor to quantify
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postural allocation. The activPAL (PAL Technologies, Glasgow, Scotland) monitor is a
commonly used device in sedentary behavior research, and measures time spent sedentary
(sitting or lying down), standing, and stepping, breaks from being sedentary, total number
of steps, and total MET-hours. The device provides highly valid (Lyden et al. 2012; KozeyKeadle et al. 2011) yet simple and interpretable output to the user. The validity of the
activPAL in providing accurate estimates of sedentary behavior (sitting) is attributable to
the location of recommended wear, the midline of the thigh. The activPAL uses a triaxial
capacitive acceleration sensor to detect changes in static and dynamic acceleration.
However, the device is fundamentally similar to that invented by Bloom and Eidex (1967)
—both devices determine thigh orientation to distinguish among postures. This location is
powerful for distinguishing typical sitting from standing and other physical activities.
However, defining sitting as a horizontal position of the thigh does not eliminate the
possibility that a person is lying down, sitting upright in a recliner chair, or excessively
sleeping.

Sedentary Behavior Measurement Goals
Most objective methods for measuring sedentary behavior are used for one week and
rarely for longer durations. These techniques usually estimate postural allocation and
energy expenditure. Sedentary behavior determinants like location, context, and the type of
behavior are seldom detected. New technologies will also permit longitudinal tracking of
behavior change. This allows flexibility of measurement duration that will change
depending on the type of positive behavior used to replace sedentary behavior, health
outcomes of interest, and the rate at which the positive behavior improves these outcomes.
For example, behavior change tracking for a longer duration may be required when
targeting simple postural changes like replacing sitting with standing because such
interventions may take a longer time to affect cardiometabolic variables as compared to
interventions aimed at replacing sitting time with low-intensity activity. Long-term tracking
will also facilitate timely interventions in case of relapse and permit measurement of the
sustainability of behavior change using technology-driven interventions beyond the novelty
period of the devices. Thus, there is a need for tools that can be practically deployed for
longer periods than the current standard of 3 to 7 days of measurement. Additionally, the
use of adhesive-based techniques to adhere thigh sensors to the skin may aggravate the skin,
which typically limits long-term measurement. New technologies may be useful in
developing more comfortable systems that do not require thigh placement and allow
continuous, longitudinal tracking of both sedentary and overall human behavior. Emerging
technologies may also be used to extend the capabilities of existing measurement devices.
This may improve the capability of researchers to accurately quantify and distinguish
healthy behaviors like regular physical activity and sufficient sleep from harmful behaviors
like prolonged sitting.
Measuring various determinants of behavior and their characteristics may be necessary
for differentiating between modifiable and unmodifiable sedentary behaviors. For instance,
a CEO of an organization may be able to stand and break sedentary behavior using a sit-to-
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stand table in his office. However, it may not be feasible to stand during a board meeting.
Such contextual information may be useful, or even necessary to design and implement
influential and sustainable interventions. Thus, measurement tools that detect when, where,
and why a person sits may inform the development of multifaceted interventions effective
in modifying sedentary behavior and sustaining the behavior change (Stratton et al. 2012;
van Dantzig, Geleijnse, and van Halteren 2011).
Emerging sensor technology may also reduce some of the logistical and statistical
challenges of analyzing data. Larger-scale studies may be able to exploit consumer
technologies that study participants may already own, such as mobile phones, thereby
reducing the need to purchase expensive hardware. These consumer technologies may be
able to not only measure behavior, but also deliver real-time interventions responsive to
ongoing behavior. Furthermore, combining more than one type of miniaturized wireless
sensor with a data processing and storage platform (i.e., phones) that can be conveniently
carried by the user may facilitate the capture of most aspects of sedentary behavior.
Figure 16.1 highlights influential determinants and their characteristics. Measurement
and detection of all or some of these determinants may provide researchers with a richer
model of sedentary behavior and lead to improved sedentary behavior interventions. Thus,
an ideal objective monitor for sedentary behavior research must be able to detect and
measure more than what is obtained from currently used monitors, including the following:
•
•
•
•
•
•
•

Whether the person is sitting or lying down
Whether the person is awake or asleep
Whether energy expenditure is less than 1.5 METs
Sedentary and physical activity type
Transitions between sedentary and physical activity behavior
Contextual characteristics when the behavior occurs
Non-wear of the measurement technology
In addition, the monitor should have the following features:
Practical to use for prolonged durations with minimal subject and researcher burden

Capable of providing real-time data to researchers and real-time and retrospective
feedback to end users
Affordable
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This wish list for sedentary behavior monitoring also includes information about physical
activity and sleep behavior because these may significantly influence sedentary behavior.

Figure 16.1 Measurement of various aspects of human behavior.

Based on the complexities of behavior and its determinants illustrated in figure 16.1, we
have identified five key measurement goals. Although these are being addressed in varying
degrees by existing monitoring solutions, some areas need to be addressed by new
technologies.

353

Goal 1: Reliably Distinguish Between Sleep and Wake
States
Sleep is an integral part of the working sedentary behavior definition and in proper
amounts, sleep is beneficial to health (Chaput, Klingenberg, and Sjodin 2010). Information
on sleep is commonly measured using wrist actigraphy. This technique uses an acceleration
sensor at the wrist to detect motion or the lack thereof when a person is asleep. Researchers
have developed algorithms to infer whether short movements are true waking periods or if
they are due to change in lying posture while asleep (Ancoli-Israel et al. 2003; Pollak et al.
2001). Actigraphy is limited in providing comprehensive information on sleep quality,
which may be important to understand the relationship between sleep and sedentary
behavior patterns throughout the day. Newer methods involve instrumenting the bed with
sensors that detect changes in pressure, ambient light, and gross body movements using
passive infrared imaging (Peng, Lin, and Crouse 2006). Like actigraphy, these sensors
detect a change in body position and rely on algorithms to distinguish between wake and
sleep, but the algorithms may be prone to error during wake–sleep transitions and vice
versa. The third technique for measuring sleep is to use physiological sensors such as
portable EEG measurement (Huang et al. 2013) to obtain detailed information about sleep
and wake and sleep stage and quality. However, existing systems are too cumbersome and
impractical for long-term and free-living studies.
Most of these techniques may be most effective in detecting sleep duration, especially
those episodes that are prolonged (e.g., sleeping at night). Although practical long-term
measurement of sleep quality and stage remains a challenge, existing techniques could be
augmented using additional environmental or phone-based sensors. When combined with
wrist actigraphy, a simple audio sensor that automatically detects and analyzes change in
ambient noise may greatly improve estimates of sleep duration and quality. Self-reported
time in and out of bed may be improved using just-in-time phone-based momentary
assessment. For example, the audio sensor in a participant’s phone, when combined with its
internal clock and acceleration sensor, can detect changing noise and motion between
nighttime and morning and prompt timely questions when a person wakes up in the
morning. These questions can be designed to confirm events such as inferred bedtime or
gather additional contextual information such as the source of any notable audio
disturbances and how it influenced sleep.

Goal 2: Identify Sitting or Lying When Energy
Expenditure Is Greater or Less Than 1.5 METs
A caveat of using a single thigh sensor is that it will not accurately measure METs if
someone is engaging in only upper-body motion (e.g., seated resistance training, specialized
seated jobs requiring substantial upper-body movement). Thus, a more accurate estimation
of both energy expenditure and sitting or lying behavior will likely require multiple sensors
used simultaneously to capture upper-, whole-, and lower-body motion and thereby infer
additional information that improves energy expenditure estimation (John, Liu, et al. 2011;

354

Tapia et al. 2007). Multisensor monitoring may also improve the measurement of physical
activity behavior (John, Liu, et al. 2011). Chapter 15 provides a detailed discussion on
sensors that may improve the measurement of energy expenditure.

Goal 3: Measure Physical Activity Behavior Above 1.5
METs
The quality of estimating METs and activity-type highly depends on sensor location.
Although thigh-accelerometry is good for distinguishing between sitting or lying down
from standing and estimating lower-body activity, it is a poor location for capturing any
upper-body motion. A single acceleration sensor at the hip or the wrist is commonly used to
measure physical activity. Information from a single sensor may be insufficient to obtain a
complete picture of activity behavior. Using machine-learning techniques to model triaxial
acceleration from the hip may improve free-living estimates of sedentary behavior and
physical activity (Lyden et al. 2014). However, advances in the measurement of physical
activity are likely to be improved to a greater extent through new systems that use
multimodal sensor fusion. These systems will combine data from several types of sensors
located on different parts of the body or embedded in the environment using pattern
recognition algorithms to infer precise second-by-second details about physical activity
type, amount, and location. Pattern recognition algorithms compute features that encode
information about the raw data collected from one or more sensors. A simple example is the
encoding of features that determine if a particular sensor is moving in a periodic or
rhythmic way using frequency domain analysis, such as Fourier transforms. Typically,
pattern recognition models are developed using data collected on a subset of people
performing a set routine of physical activities while wearing a variety of sensors. The data
are labeled, and then machine-learning algorithms look for clusters of features that allow
one type of activity to be clearly differentiated from other types of activity. For example, an
algorithm might learn that during bicycling, a motion sensor on the wrist is vibrating (is not
still) and a motion sensor on the ankle moves in a periodic way within a certain range of
frequencies common when someone is pedaling. The same algorithm may be incapable of
reliably detecting bicycling from a single sensor at the hip because the minimal motion may
appear similar to other activities where the hip moves or shifts slightly.
More field-based studies with large numbers of participants are required to develop and
validate such complex algorithms using multisensor monitoring systems. Feasibility
concerns about multisensor systems will diminish as sensors continue to be miniaturize and,
as discussed later, new opportunities are created for real-time feedback using real-time
activity detection systems. Work in activity recognition using multiple sensors tends to be
consistent: more sensors usually improve recognition because capturing movements of
different parts of the body yield enriched information on the unique properties of particular
activities of interest (John, Liu, et al. 2011; Tapia et al. 2007).
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Goal 4: Identify Social and Environmental Contexts That
May Influence Sedentary Behavior
Accurate identification of behavior context will create new opportunities for the
development of tailored interventions. Interventions tailored to a person’s environment are
more likely to be effective and sustainable. One way to gather information about the social
and environmental characteristics influencing sedentary behavior is to detect location and
then use databases that tag locations with relevant information. These databases may be tied
either to the general geographical region (e.g., whether a particular longitude or latitude is a
park or business district), or to the person (whether a location is a home, workplace, or
some other frequently visited site). GPS devices detect longitude and latitude, and they are
typically effective outdoors. The advent of smartphones has enabled both indoor and
outdoor position finding using wireless networks. Smartphones can also combine location
data with available databases and facilitate instant onboard processing and interpretation of
the data. Technologies such as active or passive radio-frequency identification (RFID)
technology will further improve location detection systems, including the detection of
location within buildings (Koch et al. 2007). With RFID systems, users typically wear small
thin tags that are detected by small tag readers placed in the location of interest. These
readers can be programmed to record the exact times a tag enters and leaves a preset radius.
Detecting social context and whether a behavior was performed alone or in the presence
of others may be important when designing sedentary behavior interventions. Since
smartphone use is becoming increasingly widespread, wireless proximity sensing using
Bluetooth radios in phones can be used to determine if someone is alone or with other users
(Eagle and Pentland 2004). However, since individual sensors typically capture information
on only one characteristic of the context in which an activity is occurring, a challenge with
contextual sensing is the combination of information from multiple sensors to provide
accurate contextual information. For instance, a Bluetooth proximity sensor in a phone
might detect other phones belonging to family members and estimate that the person is at
home. However, it is possible that the person may not be at home and forgot to carry the
phone with them. Combining acceleration data from the phone, which detects absolutely no
movement, may be useful for determining that the phone is not with the owner and is sitting
on a table at home. This may further be refined by the use of a miniature wearable wireless
sensor that informs the phone that the person is not with a certain radius of the phone. Thus,
context may be best detected using a combination of motion, location, and proximity
sensing.

Goal 5: Detect Wear Time of Sensors
Existing technology can be redesigned to facilitate the detection of wear time. For
instance, wearable activity monitors that include motion sensors can be optimized to detect
very small movements, and this will help to distinguish whether a sensor is completely
motionless while on the table or attached to someone’s body during sleep. A
complementary strategy is to use temperature, touch, or proximity sensors to detect if the
sensor is in contact with the skin. Additionally, wear–nonwear algorithms developed using
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the primary sensor (e.g., acceleration) could be improved using data from other sensors.
Another valuable solution for identifying wear–nonwear problems will be the use of just-intime experience sampling. Such systems may use phones to communicate with participants
and will be based on variability in sensor signals. When a particular signal pattern is
detected, the phone will prompt a question asking the participant about whether the sensors
are orwere being worn as expected.

Improvements and Emerging Technology for
Measuring Sedentary Behavior
Sedentary behavior researchers can expect to see improvements in the quality and types
of sensors available to measure sedentary behavior. Rapidly evolving technology will
incrementally enhance the achievement of measurement goals from the previous section
through increased efficiency and accuracy of existing sensors and supplementation with
new sensors that have not been explored in the context of sedentary behavior.

Accelerometers
Current devices use microelectromechanical systems (MEMS) sensors that typically
detect acceleration up to ±6 or 8 G and store raw data. Advancing manufacturing and signal
processing technology is resulting in improved noise reduction, decreased power
consumption, and lower costs. Thus, it is increasingly viable to develop devices that are
highly sensitive to small movements and allow the measurement of typical human motions
(±6 G) and also high-impact forces (±12 G) without any signal distortion. These advances
will improve sleep–wake detection without sacrificing overall MET or activity-type
detection. Battery size is a major contributing factor to the weight and dimension of an
activity monitor. Improved power management will also enable manufacturers to use
smaller batteries and thereby decrease the size of the device. New technologies may also
result in smaller self-powered devices that use motion or miniaturized solar cells to power
devices. However, such small devices may have limited or no ability to transmit data
wirelessly. In addition to these hardware improvements, a new direction for standardization
of data from different accelerometers is to have complete transparency of all specifications
on signal acquisition and filtering performed prior to data storage (Intille et al. 2012).
Researchers should expect current measurement methods that are stand-alone data
logging devices (e.g., ActiGraph and activPAL monitors) to evolve into networks of devices
with a central data receiving and processing hub (e.g., mobile phone). This strategy permits
further miniaturization of the sensors by exploiting the massive computational and storage
capacity of the mobile phone. The systems can also exploit the desire of end users to keep
their devices with them and create further opportunities for multisensor data fusion to
capture information on sedentary behavior and its various determinants.
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Gyroscopes
Unlike accelerometers, these devices measure spatial orientation and can provide
information on 3-D positioning based on a calibrated starting point. Gyroscopes may be
useful for obtaining information on overall limb motion and the specific pattern of
movement in 3-D space (Mayagoitia, Nene, and Veltink 2002). This may improve
automatic detection of certain activity types that have specific patterns of limb movement in
3-D space that are undetectable when only using characteristics like movement frequency
or intensity.

Audio Sensors
Audio sensors may prove valuable for detecting the context of behavior. For example,
audio sensors can be used to detect if someone is in a social situation by detecting human
voice and sounds (Smith, Ma, and Ryan 2006). Audio analysis can also be used to improve
activity recognition, because some activities involve distinct sounds that can be identified
by algorithms similar to those used to process accelerometer data. Audio sensors in
conjunction with movement sensors can be used to detect events that may cause sleep
disturbances and thus help to better infer sleep–wake states. Audio may also help to identify
environmental context. For instance, audio sensors in mobile phones could also be used to
detect whether a person is at work if the workplace has distinct sounds.

Point-of-View Camera Sensors
These devices will provide sedentary behavior researchers with a powerful measurement
tool because point-of-view images can be used to validate other sensors and to characterize
the type of behavior and its environment and social context. Researchers are now
developing algorithms to automatically cluster point-of-view images and perform efficient
semiautomatic classification of several days of data (Kerr et al. 2013). The Revue (Vicon
Motion Systems Ltd., Oxford, England) (formerly the SenseCam) is a camera worn on a
lanyard around the neck that is used to measure physical activity and sedentary behavior
(Kerr et al. 2013). Head-mounted point-of-view cameras (with associated head-mounted
displays) that connect to mobile phones, such as Google Glass (Google, Inc., Mountain
View, CA), will permit real-time analysis of images and create new intervention
opportunities. Even when these types of systems are not used as the primary sensor, the
ability to review point-of-view image data from participants can resolve data ambiguity
(Nam, Rho, and Lee 2013).

Other Modes of Location Sensing
Stand-alone GPS monitors may be limited in detecting indoor locations. Mobile phones
that combine GPS with other location-finding strategies, such as detecting Wi-Fi and cell
tower signals, can continuously determine approximate indoor and outdoor location with
minimal effect on the phone’s battery (Chon and Cha 2011). Algorithms that process this
data can also infer mode of transportation, such as walking or riding in a car and even
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riding on public transportation versus riding in a car (Mun et al. 2008; Thiagarajan et al.
2010). Positioning systems are now being developed to identify indoor locations using a
combination of audio sensing and radio frequency signal detection (Azizyan, Constandache,
and Choudhury 2009; Kim et al. 2009). Some systems require calibration to specific
environments, while other systems require inserting beacon technologies into an
environment (Azizyan, Constandache, and Choudhury 2009; Kim et al. 2009).

Supplemental Environmental Sensors
Future sedentary measurement systems are likely to combine wearable and
environmental sensors. Simple environmental sensors include object usage sensors that can
be stuck on devices within a home or office. These are triggered when device use is
commenced and completed then wirelessly transmit an ID to a computing platform like the
phone (Tapia, Intille, and Larson 2007). Object usage sensors can be put on television sets
and remote controls, tablet computers, beds, exercise equipment, and other devices related
to sedentary behavior. These data can be combined with data from wearable sensors to
better understand the environmental determinants of sedentary behavior. The same sensors
can also be used to improve indoor location sensing. Other often-used environmental
sensors are infrared motion detectors that are placed in environments to determine location
of people or movement in areas of particular interest (Intille et al. 2005; Makonin and
Popowich 2011).
New sensing opportunities are not limited to passive sensors. Ecological momentary
assessment (EMA) uses a computing device that prompts a person to provide feedback
about the present moment in time (or some recent moment in time) to gather data on
physical activity, sedentary behavior, and their determinants (Shiffman, Stone, and Hufford
2008). EMA is particularly useful for gathering information regarding the context in which
behavior occurs. EMA can be deployed easily and cost-effectively among people who
already have mobile phone devices by simply downloading new software onto the phone.
Based on sensor data, context-sensitive EMA (Intille 2007) can be used to time prompts
with activity, resolve ambiguity with self-report, or gather additional contextual information
that cannot be sensed directly. For example, context-sensitive EMA (CS-EMA) and
context-sensitive ecological momentary interventions (CS-EMI) executed on a platform
such as mobile phones can instantly analyze data from sensors and present tailored or
timely just-in-time questions or feedback to the participant. For example, consider the
difference between these two clarifying questions: “Were you sitting between 10:05 and
10:25 earlier today?” and “Are you sitting right now?” The second question is much easier
to answer. Improper sensor positioning or nonwear of the system detected by the sensors
can prompt immediate and possibly engaging feedback that helps the participant use the
system as intended. In some cases, participants can be incentivized to properly wear or
maintain (e.g., charge) the technology. CS-EMA may be the most efficient and least
burdensome way to gather contextual information about sedentary behavior or the behavior
itself. Further, it can be used selectively when the system detects passive data collection
failure. Thus, CS-EMA can be used to fill in the gaps in missing sensor data. For instance,
if the system detects a 2-hour nonwear of the system prior to commencement of data
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reception, a question could appear on the participant’s mobile phone asking about what
happened for those 2 hours.
\qqBegin special element\

Developing Individual Models of Sedentary Behavior
No single sensor provides definitive answers about behavior in most circumstances, but a
combination of multiple sensors, either the same or different types, can dramatically reduce
uncertainty. Eventually, systems that combine passive sensing with active participation from
the person wearing the sensor system may provide researchers with detailed information
about behavior and its determinants throughout the course of their day. Algorithms that use
statistical models to combine data from multiple sensors may be able to infer what someone
is doing, what that person may do next, and even possibly whether that person is receptive
to information that might change what he or she may do next. These models will output soft
decisions that include certainty, or likelihood, information. Ideally these models would not
depend on a specific sensor type being available at any given time, but rather use whatever
information is available to make the best decision possible at that time. These models are
likely to resolve ambiguity by using data from multiple sensors gathered over long
durations of time on the same person. Longer-term measurement will incrementally lead to
higher fidelity models.
\qqEnd special element\

Data Collection, Storage, and Open Source
Processing
Emerging technologies for measurement will advance the field only by meeting the
expectations of both study participants and researchers. Participants will adhere to longterm measurement technology only if it is easy to use and comfortable to wear. Participant
compliance will also depend on how much the measurement system will change normal
routines. Participants may not be receptive to measurement tools that are invasive due to
bulky or wired sensing and data storage modules. Such systems will increase participant
discomfort, affect normal behavior, and result in decreased wear time. Getting study
participants to wear a single sensor can be difficult at times. Thus, compliance may be a
challenge when using multisensor systems that do not provide continuous feedback.
Multisensor fusion combined with mobile data processing enables instant feedback and has
the potential to make wearing the sensor system a stimulating and engaging experience. On
the other hand, researchers expect technology to yield simple modes to process complex
data using advanced data processing platforms and have high usability and the ability to
remotely monitor data and prompt behavior modification.
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Usability
Application of innovative technologies holds promise to yield a richer model of the
multifaceted sedentary behavior construct. Researchers will prefer that regardless of the
underlying sensing and algorithmic complexity, the measurement tools are valid for freeliving measurement of behavior. To facilitate long-term and iterative refinement of research
findings without dependence on particular technologies or manufacturers, all algorithms
and electronics used for multisensor fusion must be fully described and reproducible.
Relying on black box proprietary devices that may be changed or superseded in the future
will slow scientific progress. At the same time, highly capable systems that are difficult to
understand and deploy, with output data that are hard to interpret, will in all likelihood not
be used by the research community. Tools are required to simplify the process of collecting
and interpreting data, even as the complexity of the underlying sensing increases.
It is becoming increasingly common for electronic sensors to provide raw, highfrequency digitized representations of a physical attribute like movement acceleration or
geographical location coordinates. A researcher may not know how to derive usable
information from these raw signals. The end user is typically interested in ready-to-use
valid and reliable objective monitoring systems that yield simplified and standardized
summary information on the different aspects of physical activity and sedentary behavior.
The popularity of the single-sensor activPAL monitor in sedentary behavior research is a
good example of meeting end-user expectation. Scientists use this device to continuously
record acceleration data up to 14 days and then use proprietary software to obtain simple
output in the form of hourly and daily estimates of time spent sitting or lying down,
standing, and walking.
End users of multisensor monitoring systems will expect similar point-select-click
solutions for obtaining summary estimates of sedentary behavior and its determinants. In an
ideal scenario, the scientist must be able to download data from a multisensor monitoring
system, select those sensors of interest to the study on a computer screen, choose the time
frame of measurement, and define the level of data processing to be performed (dictated by
the desired outcome of study). Depending on the sensors selected by the researcher, the
measurement system must also be able to inform the user how uncertainty is propagated
throughout the system. For example, determining location from a GPS sensor alone may
provide estimates of location that are correct only 80% of the time. Conversely, determining
location using a phone’s internal location sensor (without GPS) may provide an estimate
that is correct only 70% of the time. However, combining information from both sensors
might provide estimates that are correct 90% of the time. Software is needed that
interactively explains these trade-offs as researchers set up a study and analyze data later.

Data Processing Platforms
Simplifying multisensor data fusion and processing requires large data storage capacity
and advanced processing platforms for executing both simple and complex prediction
algorithms. A single ActiGraph accelerometer collecting uncompressed raw data at 80 Hz
for 7 days roughly requires 250 MB of memory. Processing this data using a typical
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computer takes approximately 1 hour and 20 minutes per subject (Mannini et al. 2013).
Thus, storing and analyzing accelerometer data from multiple subjects collected over long
durations would require a high availability of computing resources. The need for additional
storage and computing resources increases greatly as more sensors and channels of data are
added to a study. Cloud computing is becoming increasingly popular to store, process, and
share data among research groups. Projects like SPADES (Albinali 2013) and MoveeCloud
(Hiden et al. 2013) enable end users to seamlessly scale, store, and visualize large volumes
of raw sensor data stored on remote computers on the Internet and use web interfaces to
visualize and then process these to obtain usable output. Such cloud-based platforms may
support combining data sets from various researchers and using open algorithm sharing and
comparison on the same data sets. This will permit incremental improvement of estimation
models for sedentary behavior on increasingly complex data sets, using an expanding set of
underlying sensor technology. These systems may enable sensor manufacturers and
engineers to collaboratively build and improve measurement systems that are not dependent
on a single proprietary device.
Cloud-based computing will also provide users with flexibility on how their data should
be analyzed. Researchers will have the option of choosing processing algorithms developed
with and for samples representative of the population being studied. In addition, new
algorithms can be developed for specific situations when standardized thresholds and
techniques may not be appropriate. For instance, the sit-to-stand threshold of 20° in the
activPAL may lead to misclassification of sitting as standing when sitting on elevated chairs
where the knee does not bend as much as when sitting in a conventional chair. Using this
threshold for a person who is sitting in a pub on a barstool for around 3 hours may lead to a
misclassification of standing by the activPAL. In well-defined cloud-based data sharing
systems, the raw thigh orientation data would be in the system, permitting advanced
algorithms to detect and minimize such errors using secondary data sources as appropriate.
For instance, an advanced algorithm might use data from a secondary sensor on the wrist or
location information (proximity to a bar) to flag ambiguous standing data for additional
scrutiny. Cloud-based tools can also facilitate collaborative improvement of the data sets.
Researchers studying a data set and using the cloud-based multisensor data visualization
systems who notice abnormal postural allocation detected in conjunction with other
environmental sensors (e.g., audio feedback to identify a social setting) can modify
algorithm selection for specific periods of time to obtain accurate estimates of sedentary
behavior. They might also add additional labels to existing data sets that may be used in
future tool validation studies.

Remote Data Monitoring
The application of new technologies may also improve the quality of data by minimizing
missing data. Missing data may lead to inaccurate conclusions about the effects of sedentary
behavior, physical activity, and sleep on health. A research team can use advancing cellular
and server technology to remotely monitor participant compliance to the measurement
system on a daily basis (Intille et al. 2012). Data can be transferred from wireless sensors to
a remote server through smartphones. Daily remote monitoring will allow researchers to
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contact participants as soon as noncompliance is detected, address the potential problems
that cause noncompliance, and apply improvements to the data collection process for all
participants. Remote monitoring will also help researchers detect problems like
malfunctioning sensors yielding abnormal data, replace them quickly, and thereby reduce
lost data (Intille et al. 2012). Incremental transfer of data from a measurement system to a
server also helps researchers to regularly clean and analyze incoming data faster. This will
allow faster dissemination of findings and the identification and implementation of
necessary changes in the data collection process or intervention (Intille et al. 2012). Remote
data monitoring may be especially useful in large cohort research studies. For example,
remote data collection and compliance monitoring using mobile phones that people already
own will not only be economically feasible, but also enables large-scale data mining for
new discoveries and trends (Intille et al. 2012).

Expanding Opportunities for Intervention
The bulk of this chapter discusses the use of emerging technology to improve sedentary
behavior measurement, but the same technologies may support novel sedentary behavior
change strategies enabled by real-time monitoring and feedback. The sensor-fusion
algorithms discussed previously can often be implemented directly on mobile devices such
as phones, allowing real-time detection of sedentary behavior and context. Further, if the
devices have wireless data connections, detected information can be sent to cloud-based
servers, which allows immediate monitoring by interventionists.
Vibrotactile feedback is currently used in commercial monitors as a form of real-time
feedback to break sedentary behavior. However, these monitors are not sensitive to
situational and environmental context and do not consider the feasibility of breaking
sedentary time when providing a vibrotactile cue. Untimely cues may lead to decreased
adherence to the measurement system and compromise study or intervention design and
findings. Real-time monitoring will enable an interventionist to prompt behavior
modification with feedback when appropriate, that can be triggered automatically based on
sensor data or initiated manually based on analysis of a person’s data by a human observer
using the cloud-based data visualization tools. Phones provide flexibility in feedback type
(vibrotactile, auditory, or intelligent text and visual messaging) and end-user tailoring
opportunities—characteristics that may be harnessed to enhance contextual sensitivity and
feasibility of novel sedentary behavior interventions. Eighty-five percent of American
adults use cell phones (Fox and Duggan 2012) and two out of three users have a
smartphone (Nielsen Company 2013). This ubiquity creates new opportunities for
longitudinal measurement and monitoring of behavior that are only just beginning to be
explored. Increasing use, availability of multiple sensors, and data processing capability of
smartphones may propel these devices as stand-alone platforms for measuring sedentary
behavior and delivering tailored interventions to modify behavior.
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Summary
The first sensor for sedentary behavior measurement was introduced in 1967, but the use
of similar devices for research has only recently become popular. Current devices primarily
consist of a single accelerometer placed at one point on the body and are sometimes
augmented with self-report or another stand-alone sensor, such as a GPS. Next-generation
technology will use multiple sensors and multisensor data fusion algorithms that will aim to
provide improved measurement of sedentary behavior and context and gather a more
complete daily, weekly, and longer-term picture of a person’s behavior, context, and
corresponding decision-making that is absent in current monitors. The algorithms used by
these systems should be less dependent on single proprietary devices and more dependent
on a variety of wearable and in-environment sensing (including, in some cases, participant
self-report) to build a rich model of sedentary behavior. These systems will not only
improve measurement capabilities, but create opportunities for just-in-time computer and
human-driven interventions. By exploiting consumer technologies such as mobile phones,
new studies will be possible with thousands, and perhaps tens of thousands, of participants.
New cloud-based tools will support the massive amounts of data collected and the
subsequent computational analysis, hopefully providing a simplified interface for
researchers while at the same time ensuring that all algorithms and hardware used to the
collect the data are fully described and reproducible by others.
Sedentary behavior has now been identified as an autonomous health hazard.
Modernization has contributed to the problem, but new technologies will advance our
understanding of the health effects of sedentary behavior. Mobile and other pervasive
technologies will also help in the development of behavior modification strategies that can
be implemented at a population level and improve overall health. Successful development
and application of these tools will require collaborative efforts of scientists from multiple
fields of study.
\qqBegin special element\

Key Concepts
• Individual models of sedentary behavior: Wearable multisensor systems combining
passive sensing with active participation from the user may allow researchers to infer
what people are doing and build individual models that predict what they may do next.
These individual models can be used to provide timely and appropriate feedback to
change what the user may do next.
• Measurement goals: Five goals must be targeted when measuring human behavior
using sensors: (1) reliably distinguish between sleep and the waking state, (2) identify
sitting or lying when energy expenditure is greater than or less than 1.5 METs, (3)
measure physical activity behavior above 1.5 METs, (4) identify characteristics of the
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social and environmental context that may influence sedentary behavior, and (5) detect
wear time of body-worn sensors and ambiguous situations. Achieving these goals will
provide a refined and clear understanding of physical activity and sedentary behavior
and their determinants.
• User expectations from sensor-based measurement systems: Maximizing the
potential of sensor technology depends on meeting expectations of both the person
wearing the sensors and the researcher interested in measuring behavior. Adherence to a
measurement system is a primary concern that researchers face. Adherence may be
maximized if the system enables instant feedback with the potential to make sensor wear
a stimulating and engaging experience. Conversely, researchers are looking for ready-touse valid and reliable objective monitoring systems that output simplified and
standardized summary information on the different aspects of physical activity and
sedentary behavior. New technologies may allow researchers to simplify the process of
storing, analyzing, and sharing large data sets. Researchers may be able to remotely and
regularly monitor data quality and expand opportunities to intervene in real time when
the likelihood of behavior modification is high.

Study Questions
1. Describe the five goals of measuring sedentary behavior.
2. Name some types of sensors that can be used to detect sleep, limb position in 3-D
space, environmental context, and location.
3. Describe the types of expectations researchers may have when using a multisensor
measurement system in research.
4. You are an interventionist who wants to continuously measure and change sedentary
behavior in a group of sedentary office workers. You have access to unlimited
resources to design a comprehensive sensor-based measurement system based on
various aspects of sedentary behavior and its determinants. Describe your system
design by creating a flowchart that identifies the behavior and determinant you want
to capture, the sensor that you will use to do so, and how you will process, store, and
analyze the information.
\qqEnd special element\
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Chapter 17
Critical Measurement and
Research Issues in Analyzing
Sedentary Behavior
Weimo Zhu, PhD
\ qqBegin special element\
The reader will gain an overview of the critical measurement and research issues in
analyzing sedentary behavior data. By the end of this chapter, the reader should be able to
do the following:
• Understand key characteristics of sedentary behavior data
• Identify common problems, inappropriate practices, and challenges in analyzing
sedentary behavior data
• Identify correct methods for addressing problems and challenges based on the data
structure and related research questions
\qqEnd special element\
The preceding chapters in part III have addressed ways to measure sedentary behavior.
After the relevant data have been collected, the next set of questions naturally will be as
follows:
1. How should the data be analyzed so that accurate and meaningful information can be
generated?
2. Can conventional statistical methods, such as correlation, t-test, and ANOVA, be
applied directly to the data?
3. How can the results of the data analysis be correctly and appropriately interpreted?
This chapter addresses these questions. After a review of the characteristics of sedentary
behavior data, this chapter describes the challenges in analyzing sedentary behavior data.
Specifically, the limitations of conventional statistical methods in analyzing these data and
inconsistencies in defining sedentary behavior are outlined and described. New and
appropriate statistical methods are then introduced. Thereafter, some practical suggestions
on how to analyze and report sedentary behavior data are explained.
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Sedentary Behavior Data Characteristics
Understanding the characteristics of a data set is essential in any data analysis procedure.
Without knowing the specific aspects of a data set, statistical methods for the data analysis
may not be appropriately selected. As a result, the information generated will likely be
inaccurate or even misleading. What then are the characteristics of sedentary behavior data?
One of the features of sedentary behavior data is that the data belong to a class of
compositional data, which is defined as data with relative portions summing up to 1% or
100%. Compositional data are not unfamiliar to us in our daily life: Proportion of allocated
times of a day, proportion of energy we get from different meals, and percentages of
students from different geographical areas are just a few examples. Physical activity (PA)
data are compositional data, in which total PA, depending on how operationally defined,
may be seen to consist of light, moderate, and vigorous PA. This same principle also applies
to sedentary behavior data, which can be further broken down as TV, reading, computer,
and video game times. Please note that current physical activity research literature often
considers sedentary behavior to be on the physical activity continuum. To distinguish
sedentary behavior from physical activity (see chapter 1 for more details), sedentary
behavior is intentionally not placed on the continuum in this chapter. For future research
including sedentary behavior on such a continuum, the continuum would be better called
the physical- and sedentary-activity continuum.
According to van den Boogaart and Tolosana-Delgado (2013), each part of a
compositional construct is called a component, which has an amount representing its
contribution to the total. The amount could be presented in its original measurement units
(e.g., time, amount, size) or as the proportion or percentage, which can be determined by
the component amount divided by the total. Depending on the units or interest chosen for
the composite measure, the actual portions of the parts in a total can be varied. For example,
percentages of time spent on different types of PA or sedentary behavior could be different
from the percentages of energy spent in different behaviors during the same period. A
portion can be further broken down into subportions. For example, sedentary behavior is a
proportion of the total of the actions performed during waking hours and itself can be
further broken down into different types of sedentary behaviors (e.g., watching TV, playing
video games, using a computer, driving, and reading).
The second known characteristic of sedentary behavior data is that the data are often
collected, especially for device-derived data (as described, for example, in chapter 14), in
continuous time-stamped series for each person. As a result, large and rich time-series data
are generated. A time series is a sequence of observations that is ordered by time of
occurrence. Although most sedentary data are continuous, they can also be discrete (e.g., if
a specific behavior, such as playing video games, happens in a specific time interval). There
are two ways to look at time-series data from the data structure point of view.
First, according to Cattell’s well-known data box (1952, 1988), time-series data integrate
three primary dimensions—persons, variables (e.g., PA and sedentary behavior time), and
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occasions (see figure 17.1)—from which at least six different structural relationships can be
utilized to address specific research questions:
1. Variables over persons, fixed occasion
2. Persons over variables, fixed occasion
3. Persons over occasions, fixed variables
4. Occasions over persons, fixed variables
5. Variables over occasions, fixed persons
6. Occasions over variables, fixed persons

Figure 17.1 Illustration of Cattell’s data box.

Second, time-series data can also be considered a multilevel data structure, with
occasion-related variables at the within-person level and persons demographics or group
membership at the person level (Bolger and Laurenceau 2013, 27-39; Zhu 1997). An
example may be helpful for explaining this structure. Table 17.1 presents a hypothetical
time-series data with four time points and n persons, where ID is the identification of the
individual person, O is the occasion or time points (it is common to use a code 0 for the first
observation), X is an independent variable (e.g., physical activity and sedentary behavior),
Y is a dependent variable (e.g., heart rate or energy expenditure), and W is a predictor
variable that varies between persons only (e.g., sex, exercise intervention versus control).
Thus, the X and Y variables belong to the within-person level variables and W belongs to
the between-persons variables.

Table 17.1 Time-Series Data
IDj

Oi

Xij

Yij

Wj
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In addition, several other specific features are related to time-series data. First, there is
usually a trend component in the time-series data that is often represented by the changes in
a dependent variable (DV) over time in relation to an independent variable (IV),
individually or jointly with other IVs. The changes further include the underlying direction
(e.g., an upward or downward movement) and rate of the change. Second, there is often a
cyclical component that describes the DV’s regular fluctuations or cycle in relation to the
IV. Weekday and weekend PA is a recognizable cycle that is a good example of this
component. Third, there could be a seasonal component that indicates that the variations in
the time-series data are related to the time of year. An increase or decrease in outdoor
physical activities or indoor sedentary behaviors across seasons is a good example of this
component. Conceptually, the seasonal component can be considered a special case of the
cyclical component since the former is the cycle related only to seasons, while the latter is
related to any cycles in the data. Finally, the last component in studying time-series data is
called the irregular component. Known also as noise, this component is the variation in the
data left after taking into account other components.
The third characteristic is related to the variation of the data. Although this characteristic
has not been well studied, and many PA and sedentary behavior researchers are not aware
of it, we learned from our PA and sedentary data analysis experiences that both lowintensity PA data and sedentary behavior data may have a larger variation than moderateand vigorous-intensity data, which is true for both total PA time or total minutes and the
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proportion of the total time (see table 17.2). This table presents the statistical results of the
2005-2006 NHANES study for all participants (48.22% male), adults (47.77% male), and
children (49.05% male). As we all have learned, when running statistical analysis, a large
variation (e.g., expressed in standard deviation) has often led to a nonsignificant result or a
smaller effect size even if there is an obvious difference between groups. This characteristic
means that even if an intervention has already resulted in a reduction in sedentary time, our
statistical analysis may not be able to detect it.

Table 17.2 Descriptive Statistics of Physical Activity and Sedentary Behavior
in the 2005-2006 NHANES Data
Activity type and ratio

N

Mean

SD

Maximum

Minimum

<tsp>Total
Sedentary min per day

6,344 459.20

125.72

1,044.86

67.50

Light PA min per day

6,344 344.73

100.30

769.43

16.00

Moderate PA min per day

6,344 25.53

22.90

307.00

0.00

Vigorous PA min per day

6,344 5.04

9.96

115.00

0.00

MVPA min per day

6,344 30.57

28.61

331.00

0.00

Sedentary min per day/total

6,344 0.55

0.13

0.98

0.10

Light PA min per day/total

6,344 0.41

0.11

0.79

0.02

Moderate PA min per day/total

6,344 0.03

0.03

0.32

0.00

Vigorous PA min per day/total

6,344 0.01

0.01

0.15

0.00

MVPA mins per day/total

6,344 0.04

0.03

0.39

0.00

Sedentary min per day

4,130 478.29

124.97

1,044.86

67.50

Light PA min per day

4,130 333.65

105.19

769.43

16.00

Moderate PA min per day

4,130 22.97

24.71

307.00

0.00

Vigorous PA min per day

4,130 0.98

3.53

53.00

0.00

<tsp>Adults ≥ 18 years old
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MVPA min per day

4,130 23.95

26.23

331.00

0.00

Sedentary min per day/total

4,130 0.57

0.13

0.98

0.10

Light PA min per day/total

4,130 0.40

0.12

0.79

0.02

Moderate PA min per day/total

4,130 0.03

0.03

0.32

0.00

Vigorous PA min per day/total

4,130 0.00

0.00

0.08

0.00

MVPA min per day/total

4,130 0.03

0.03

0.39

0.00

Sedentary min per day

2,214 423.61

119.25

965.20

110.71

Light PA min per day

2,214 365.40

86.78

639.43

22.50

Moderate PA min per day

2,214 30.30

18.13

159.14

0.00

Vigorous PA min per day

2,214 12.61

13.14

115.00

0.00

MVPA min per day

2,214 42.91

28.78

252.14

0.00

Sedentary min per day/total

2,214 0.51

0.12

0.97

0.14

Light PA min per day/total

2,214 0.44

0.10

0.74

0.03

Moderate PA min per day/total

2,214 0.04

0.02

0.21

0.00

Vigorous PA min per day/total

2,214 0.02

0.02

0.15

0.00

MVPA min per day/total

2,214 0.05

0.03

0.33

0.00

<tsp>Children < 18 years old

MVPA = moderate- to vigorous-intensity physical activity
In addition to all the preceding characteristics, another critical issue in analyzing
sedentary data is related to its operational definition. Although sedentary behavior itself has
been well described and defined in the literature (Owen et al. 2010; Pate, O’Neill, and
Lobelo 2008; see chapter 1 for more details), how to measure it using a specific device is
operationally defined and can be done so inconsistently. As described by Cain and
colleagues (2013), for the youth population alone, there are already 11 sedentary behavior
cutoff scores for the ActiGraph accelerometer, the most popular accelerometry device being
used for PA and sedentary behavior research. It is to be expected that more cutoff scores are
coming! In addition, not all sitting is alike in terms of health effects (e.g., sitting to view TV
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versus Zen meditation sitting, which differ greatly in terms of the use of postural muscles),
and most of the current measures of sedentary behavior have ignored the distinctive natures
of different types of sitting and were not able to distinguish them from each other.

Challenges and Solutions in the Analysis of
Sedentary Behavior Data
Currently, most sedentary behavior data have been analyzed using conventional
parametric statistics, such as correlation, regression, t-test, ANOVA, and MNOVA.
Unfortunately, due to the structure and characteristics of the sedentary behavior data as
described previously, these statistics are sometimes not appropriate, or do not take full
advantage of what the data could provide. This is because one of the fundamental
assumptions of all of these conventional statistics is that the data should be independent of
each other. Sedentary behavior and PA data belong to compositional or subcompositional
data, which means the data can be correlated to each other. In addition, these conventional
statistical methods assume normal distributions for estimates and estimation errors, which
conflicts with the bounded frequency distributions of composition data. Therefore, simply
applying conventional statistical methods to compositional data may not be appropriate and
could lead to problems such as spurious correlation, constant sum, negative bias, null
correlation, and difficulties with closure (Aitchison, Barcelo-Vidal, and Pawlowsky-Glahn
2002).
Another common inappropriate practice in analyzing sedentary behavior data is to ignore
the rich information embedded in continuous data that can be derived, for example, from
accelerometers. Too often, only the daily average of sedentary time has been computed and
analyzed in reported research studies. In contrast, recent research on PA and sedentary
behavior indicates that examining patterns of physically active and sedentary behavior can
be more informative and can identify attributes that other critical to heath. According to
Owen and colleagues (2010), for example, being both physically active, but also highly
sedentary and moving often could be as important as moving more (i.e., a “breaker,” or
person who has more breaks from prolonged sitting, will likely be healthier than a
“prolonger,” who takes fewer breaks (Dunstan et al. 2010, Healy et al. 2008; Healy et al.
2011). Accordingly, the traditional way of analyzing PA data, in which only a specific type
of activity (e.g., moderate and vigorous PA or sedentary behavior time) is analyzed
individually, clearly cannot take advantage of the rich information embedded within PA and
sedentary behavior time-series data.
In addition, as pointed out earlier, inconsistencies in setting cutoff scores is a concern.
Although a great deal of attention has been devoted on how to set cutoff scores for
accelerometers or similar devices (most often, these correlate with signals generated from
the devices with an intensity measure, such as O2 consumption, % of O2max, and %
maximal heart rate), there remains the need to further validate the developed cutoffs.
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Finally, an ongoing problem in all areas of research: Statistical findings in PA and
sedentary behavior research have often been interpreted based on p-values only; therefore,
the data were incorrectly interpreted. As an example, when validating a PA measure, many
low correlations were called significant simply because p-value of less than 0.05 was
achieved. Fortunately, methods and solutions are already available to address the problems
and challenges described previously. These are briefly addressed in this section. More
specific details can be found in the cited references.

Matching Data Structure, Research Questions, and
Methods
With a theoretical framework and understanding of a specific data structure, statistical
methods can be appropriately selected for specific research questions. As an illustration,
under the framework of Cattell’s data box (Cattell 1952, 1988), R-technique (e.g., a
commonly used approach to factor analysis) can be used for the data dimension of
“variables over persons, fixed occasion,” Q-technique (e.g., cluster analysis for subgroups
of persons) for the dimension of “persons over variables, fixed occasion,” S-technique (e.g.,
persons clustering based on growth patterns) for the dimension of “persons over occasions,
fixed variables,” T-technique (e.g., time-dependent clusters based on persons) for the
dimension of “occasions over persons, fixed variables,” O-technique (e.g., time-dependent
[historical] clusters) for the dimension of “variables over occasions, fixed persons,” and Ptechnique (e.g., intra-individual time-series analyses) for the dimension of “occasions over
variables, fixed persons.” In fact, many modern statistical methods are either derived from
these techniques (e.g., dynamic P-technique, which is useful in examining relationships
among dynamic constructs in a single person or a small group of people over time) (Engle
and Watson 1981) or interpreted under the framework of Cattell’s data box (e.g., growth
curve modeling and longitudinal factor analysis) (Ram and Grimm 2015).
The multilevel structure of time-series data provides another useful aspect for selecting
the appropriate statistical method for analysis. For example, if the research interest is to
determine if there is a change or pattern at within-person level variables (X, Y, or the
relations between X and Y) and, if there is, whether the change or pattern is caused by
between-person variables. In this case multilevel statistical methods, such as the
hierarchical linear models (Raudenbush and Bryk 2002; Zhu and Erbaugh 1997), can be
employed for the data analysis. If the interest is for when the Y variable varies at both
levels or whether X-to-Y relations exist at both levels, time as a third variable, or in the
random effects (i.e., between-subjects heterogeneity) and autocorrelated errors, a set of
intensive longitudinal methods are available (Bolger and Laurenceau 2013).

Compositional Data Analysis
That problems occur when applying conventional statistical methods to composition data
is not new information. In fact, Karl Pearson (1897) pointed out such problems in his wellknown paper on spurious correlations more than 100 years ago! The geologist Felix Chayes
(1960) took up the problem and warned against the application of standard multivariate
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analysis to compositional data. But it was Aitchison, whose works in the 1980s (1981,
1982, 1983, 1984, and 1986) made compositional data analysis a subdiscipline in statistical
data analysis, who proved that log ratios are easier to handle mathematically than ratios and
that after the log-ratio translations, standard unconstrained multivariate statistics can be
applied to the transformed data and statistical inferences can be made thereafter. Around
2000, a new set of statistical methods based on the principle of working in coordinates were
further developed and applied (e.g., Billheimer, Guttorp, and Fagan 2001; PawlowskyGlahn and Egozcue 2001; for more information of the development of the compositional
data analysis, see a nice summary by Pawlowsky-Glahn, Egozcue, and Tolosana-Delgado
2015). In addition, a number of new text books on the compositional data analysis were
published:
• The Statistical Analysis of Compositional Data by J. Aitchison (2004)
• Compositional Data Analysis in the Geosciences: From Theory to Practice by A.
Buccianti, G. Mateu-Figueras, and V. Pawlowsky-Glahn (2006)
• Compositional Data Analysis: Theory and Applications by Vera Pawlowsky-Glahn and
Antonella Buccianti (2011)
• Modeling and Analysis of Compositional Data (Statistics in Practice) by Vera
Pawlowsky-Glahn, Juan José Egozcue, and Raimon Tolosana-Delgado (2015)
Finally, R-based computational analytical procedures have been developed for
compositional data analysis. A new book titled Analyzing Compositional Data With R by
van den Boogaart and Tolosana-Delgado (2013) has been published.

Error-Grid Analysis for Real-Time Monitoring
With a few exceptions (e.g., a reminder to people when sitting too long), most PA and
sedentary behavior monitors currently are employed to provide summary information (e.g.,
the minutes of MVPA time), although long-term, real-time PA and sedentary behavior
wearable devices are already widely used in practice. For effective training, intervention, or
rehabilitation, the ability to control exercise intensity or behavior within a targeted zone is
extremely important and valuable. For similar purposes, a set of variability control methods
has been developed in diabetes care for the purpose of glucose monitoring. Among them,
Clarke’s error-grid analysis (EGA) (Clarke et al. 1987) is mostly studied and applied. EGA
breaks down a scatter plot of a reference glucose monitor and an evaluated glucose meter
into five areas (see figure 17.2):
1. Where the values are within 20% of the reference sensor
2. Where the values are outside of 20%, but would not lead to inappropriate treatment
3. Where the values could lead to unnecessary treatment
4. Where the values indicate a potentially dangerous failure to detect hypoglycemia
or hyperglycemia
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5. Where the values could confuse treatment of hypoglycemia for hyperglycemia and
vice versa

Figure 17.2 Illustration of Clarke’s error-grid analysis (EGA).

Many new methods and useful information have been generated since then (see e.g.,
Breton and Kovatchev 2008; Gilliam and Hirsch 2009; Rice and Coursin 2012; Wentholt,
Hoeskstra, and DeVries 2006). PA and sedentary behavior research and practice would
benefit from taking greater advantage of these methods and the novel information that they
can generate.

Validating Cutoff Scores
Because the differences in samples and the criterion measures employed in validation and
so on, it is expected that inconsistency in the setting of cutoff scores for PA and sedentary
behavior data derived from accelerometers and related devices will continue. Meanwhile, a
systematic effort should be made after a cutoff score is set up so that additional validity
evidences can be accumulated and the credibility of the cutoff scores can be further
evaluated. When validating a cutoff score or standard, Kane (1994, 2001) proposed
collecting four kinds of validity evidences, including (1) the conceptual coherence of the
standard setting process (e.g., if the standard-setting method and related assessment
procedure are consistent with the conception of achievement underlying the decision
procedure, such as if a new device can correctly distinguish sitting that involves purposeful
task performance from more passive forms of sitting such as television viewing), (2)
procedural evidence for the descriptive and policy assumptions (e.g., if the standards were
set up in a reasonable way by people who are knowledgeable about the purpose of the
standards and familiar with the standard setting procedure), (3) internal consistency
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evidence (e.g., if the presumed relationship can be confirmed between a cutoff score and a
performance standard, which could be very important in real-time, long-term monitoring),
and (4) the agreement with external criteria (e.g., if the decision made is consistent with
other assessment-based decision procedures or outcome variables). One should expect some
differences when different health outcome variables (say cardiovascular health versus bone
health) are employed to examine the external validity (Zhu et al. 2011). In addition, the role
of consequences in standard setting and associated arbitrariness in standards must be
examined (see also Zhu 2013 for a discussion from kinesiology’s view on standard and
cutoff score setting).

p-Value Abuse
Although the interpretation of statistical finding based only on p-values has long been
criticized (Cohen 1994), the practice still continues in the field of PA and sedentary
behavior research (Zhu 2012). For correlational and regression-like research, statistical
interpretation should be based on either absolute criteria or the variance percentages
explained by the predictors; for inferential statistical findings, the interpretation should be
based on the effect size or confidence intervals (Zhu 2012). In addition, true meaning of the
statistics and practical significance of the outcome variables should be studied (e.g., for a
special age and sex group, how many sedentary minutes should be reduced to result in a
meaningful change in health?). For real-time, long-term monitoring, rich baseline
information should be taken into consideration so that real or meaningful individual change
can be determined from a person’s baseline information.

Summary
With the increased awareness of the adverse effects of sedentary behavior on health and
the availability and greater use of wearable PA monitoring devices, the big data era for PA
and sedentary behavior research is already here. Yet, the field of PA and sedentary behavior
research and practice has not taken full advantage of the new statistical methods and
practices that can better analyze PA and sedentary data. In fact, some current practices are
either inappropriate (e.g., using the wrong methods to analyze the compositional data) or
incorrect (e.g., interpretation of statistical findings are based only on p-values, which are
biased by the sample size).
To address these problems, the structure of real-time, long-term PA and sedentary
behavior data was introduced. This chapter describes how to select the appropriate
statistical method based on the data structure and research interests. It also introduces a
number of new statistical methods that could address these problems. The applications of
these methods will increase our understanding of PA and sedentary behavior as the data are
correctly analyzed.
\qqBegin special element\
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Key Concepts
• Cattell’s data box: A way Cattell (1952, 1988) developed to describe the data structure
by integrating three primary dimensions of persons, variables, and occasions.
• Composition data: Data with relative portions summing to 1% or to 100%.
• Composition data analysis: Statistical methods for analyzing composition data.
• Cutoffs: Data values for classification.
• Data characteristics: Data are a set of values of qualitative or quantitative variables.
Their characteristics reflect how they were measured, collected, and stored and have a
direct effect on how they should be analyzed and reported.
• Error-grid analysis: A method and illustration developed initially by Clarke and
colleagues (1987) to quantify the accuracy of a monitor by comparing measured (true)
and estimated values.
• Multilevel data: Data are organized based on relationship among subjects and contexts.
• p- value abuse: Making a statistical inference based only on p-value, which is
unfortunately biased by the sample size.
• Techniques of Cattell’s data box: These data analysis techniques include R-, Q-, S-, T-,
Q-, and P-techniques.
• Validating cutoff scores: Collecting related evidence to validate the cutoff scores set up.

Study Questions
1. What are the key data characteristics of sedentary behavior?
2. What is composition data?
3. What is Cattell’s data box? Describe sedentary behavior data using Cattell’s data box.
4. What is a multilevel data structure? Describe sedentary behavior data using the
multilevel data structure.
5. Why could the large variation of sedentary behavior data be a challenge in sedentary
behavior research?
6. What are the problems related to setting cutoff scores in the measurement of
sedentary behavior?
7. What are common problems in the analysis of sedentary behavior data?
8. List techniques based on Cattell’s data box and describe how they are related to
statistical methods and how they should be used in data analysis.
9. What is the composition analysis? Understand its concept, history, major statistical
methods, and related software.
10. What is error-grid analysis? How can it be used in sedentary behavior monitoring?
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11. Describe the key evidences and steps in validating cutoff scores.
12. Why can the p-value–based statistical inference be a problem in reporting scientific
inquiry?
\qqEnd special element\
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Part IV
Sedentary Behavior and
Subpopulations
To design effective policies and programs for reducing the major health effects of
sedentary behavior, which are illustrated so compellingly through the immediately
preceding chapters in part III, we need to better understand characteristics of particular
subpopulations’ sedentary behavior. Part IV has four chapters that address this need.
In chapter 18, Gregory Welk and Youngwon Kim address the evidence available on the
sedentary behavior of children, illustrating issues that are particular to young people and
that highlight broader concerns for understanding and influencing prolonged sitting time in
young people. In chapter 19, Wendy Brown deals with job-related sedentary behavior
among working adults. Working adults spend a high proportion of their waking hours in the
occupational environment; for many occupations, the majority of this time is spent in often
unavoidable sitting. Brown’s chapter thus addresses one of the major concerns for sedentary
behavior and health and provides invaluable information on a particularly high-risk group.
Sedentary behavior of older adults is addressed in chapter 20. Jorge Banda, Sandra Winter,
and Abby King provide a highly comprehensive—almost encyclopedic—account of the
plethora of health implications of sedentary behavior for older adults. In chapter 21, Melicia
Whitt-Glover and Tyrone Ceaser consider the evidence available on the sedentary behavior
of racial/ethnic minorities. They make clear that for some minority groups (and in subsets
of those groups), aspects of social disadvantage can be manifested through prolonged
periods of time spent sedentary.
Of course, part IV does not consider all subpopulations in which sedentary behavior may
be a significant health risk. Sedentary behavior is a key issue for people with disabilities,
who have specific sedentary behavior–related issues. Variation in sedentary behavior and
health consequences by gender—addressed in part through other chapters of this book—is
another key subpopulation issue. Other subgroups could be identified, for example, by area
of residence and by the nature of the environments in which they live: urban versus rural,
suburban versus urban, or those living in urban areas where there are significant variations
in access to services and neighborhood amenities.
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Chapter 18
Sedentary Behavior in
Children
Gregory J. Welk, PhD; and Youngwon Kim, PhD
\ qqBegin special element\
The reader will gain an overview of the unique behavioral and health implications of
sedentary behavior in children as well as an understanding of the associated effects on
assessing sedentary behavior. By the end of this chapter, the reader should be able to do the
following:
• Understand issues associated with assessing youth sedentary behavior using various
types of measurement tools
• Summarize adverse effects of excessive time spent sedentary on a variety of health
indicators and outcomes in youth
• Document prevalence rates and temporal trends of youth sedentary behavior and their
variation across different populations
• Characterize the context, nature, and underlying patterns of sedentary behavior in youth
• Discuss limitations of research on youth sedentary behavior
• Suggest future research directions and priorities
\qqEnd special element\
Humans are meant to move, but labor-saving devices and technologies have dramatically
and permanently changed our society and our lifestyles. Children are the most active
segment of society, but there are concerns that elements of our society are causing youth to
become less active, more sedentary, more overweight, and less healthy. A frequently cited
prognostication suggests that the current generation will be the first to have a shorter life
span than their parents (Olshansky et al. 2005).
The concerns about sedentary behavior (SB) in youth evolved from studies showing that
excess television viewing was a likely contributor to the increasing epidemic of childhood
obesity. Interest in youth SB research was further sparked by studies documenting that SB
affects health independent of physical activity (PA) behavior in adults (Healy et al. 2008).
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The evidence has led to a clear paradigm shift in public health research, but measures and
methods are still evolving to study SB in youth.
One complicating factor in SB research is the ever-changing technology landscape.
Although common forms of PA have remained largely consistent over the years, this is not
the case with SB. TV viewing and computer games have been emphasized in early research
and public health guidelines (American Academy of Pediatrics 2001), but it is now possible
that youth spend more time on their cell phones or on handheld and tablet devices than with
TV. The array of new media choices has also made it increasingly more difficult to
distinguish and characterize SB. TV, for example, can now be watched on computers and
the Internet can now be browsed on TV. Computers also come in an array of sizes, with the
clear trend moving toward smartphone or tablet access as applications replace programs and
games. The blurring of technology makes it difficult to characterize SB. Another
complicating factor is that time spent in SB may include desirable behaviors such as
homework, reading, or music, so it is important to distinguish discretionary or recreational
SB from required or desired forms of SB.
Although research is still in its infancy, there is clear consensus that SB is distinct from
PA behavior in youth and that a lack of PA cannot be inferred to reflect high SB (Biddle et
al. 2004; Marshall et al. 2004; Pate et al. 2011). Similarly, high levels of PA cannot be
assumed to reflect low SB because it is possible for youth to be both active and sedentary.
These conclusions are based on consistently weak or null associations between indicators of
PA and SB (Feldman et al. 2003; Marshall et al. 2002). The independence of these
behaviors is also evident in studies demonstrating that boys tend to have higher levels of
both PA and SB than girls (Fairclough et al. 2009). Some have assumed that SB would take
time away from PA (often referred to as the displacement hypothesis), but this does not
appear to be the case (Pearson et al. 2014). There appear to be sufficient opportunities for
both PA and SB, and boys likely prioritize both to a greater extent than girls do.
Interestingly, Feldman and colleagues (2003) reported that PA was associated with
productive forms of SB, suggesting that students who regulate and manage their SB may be
more likely to also be active.
This chapter further explores the issues and challenges of studying SB in youth. A
number of comprehensive reviews have been conducted on correlates (Pate et al. 2011),
health outcomes (Tremblay et al. 2011), and interventions (van Grieken et al. 2012), and
readers are encouraged to read these reports to get updates on research in these specific
areas. The focus in this chapter is to integrate the findings and provide insights about next
steps in research. To facilitate integration, this chapter adopts a behavioral epidemiology
framework to distinguish distinct types of research needed to study SB (Welk 2002). The
categories are generally similar to other behavioral epidemiology models (Owen et al. 2010;
Sallis, Owen, and Fotheringham 2000), but an advantage of the present model is that it
shows how the different types of research relate to each other in a sequential or integrative
way. As shown in the model (see figure 18.1), evidence about health risks associated with
SB is used by public health officials to establish guidelines and recommendations.
Guidelines, in turn, drive the underlying priorities for surveillance research, which seeks to
evaluate patterns and trends in segments of the population. Theory and correlates research
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seeks to explain the underlying patterns in behavior and determine appropriate strategies for
interventions aimed at changing SB. Another advantage of this framework is that it shows
the centrality of accurate measurement techniques for advancing research on health
outcomes, surveillance, correlates, and the effectiveness of interventions. Issues with the
measurement of SB are described first, followed by summaries of each of the specific types
of epidemiology research.

Figure 18.1 Behavioral epidemiology framework showing types of sedentary
research and centrality of accurate measurements of sedentary behavior.

MOCK- Adapted based on constructs and concepts originally described by Welk (2002).

Measures of Sedentary Behavior in Youth
Accurate measures of SB are critical for advancing research on the health implications of
SB as well as evaluating correlates and interventions that influence SB. The implicit
challenges of assessing SB are described in other sections of the book, but brief
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consideration is given here to the unique issues involved in assessing youth SB. Similar to
PA assessments in youth (Welk 2002), the wide variability in body size, lifestyles, and
cognitions with age makes it particularly challenging to assess SB in youth. Several review
articles have described the advantages and disadvantages of approaches for assessing SB in
youth (Hardy et al. 2013; Lubans et al. 2011; Sternfeld and Goldman-Rosas 2012), so only
brief comments are provided here about the specific methods and related issues. Emphasis
is placed on the relative advantages and disadvantages of report-based measures (e.g., selfreport) and monitor-based measures (e.g., accelerometers, inclinometers) as well as on the
effect of measurement decisions on the ability to answer questions about SB in youth. The
distinctions between report-based and monitor-based methods is important for evaluating
and interpreting research on SB in youth.

Report-Based Approaches
Self-report measures are the most commonly used tool for examining SB, but there are
challenges in using these tools with youth. An advantage of self-report measures is that they
can provide information about the type and context of SB (e.g., location, purpose, and
surrounding environment or setting)—details that cannot currently be obtained from typical
objective measures. A key disadvantage is the difficulty in accurately characterizing and
quantifying SB. Although objective monitoring offers some advantages, there has been
increasing public health interest in improving the utility of self-report measures (Bowles
2012). Matthews and colleagues (2012) highlighted specific issues with measures of SB and
described how bias and error in these measures may distort associations between SB and
health indicators. They suggested the following three ways of improving the use of selfreport methods:
1. Use of calibration studies and measurement error models to correct measurement
errors
2. Use of objective indicators (assessed with objective instruments) of SB to remove
reporting bias
3. Use of self-report instruments requiring recalls over a relatively shorter period of
course (i.e., 24 hr) to minimize recall bias
Another report (Troiano et al. 2012) clarified the unique value of self-report tools and
encouraged researchers to consider a multimethod approach that enables outcomes to be
triangulated. Specific guidelines have also been proposed to assist researchers in choosing
appropriate self-report instruments for SB assessment (Sternfeld and Goldman-Rosas
2012). The guidelines were composed of 10 questions that help researchers think through
adopting an appropriate self-report method and an associated database structure for
summarizing underlying features of self-report instruments.
Two previous comprehensive systematic review studies (Foley et al. 2012; Lubans et al.
2011) provided detailed insights on the validity and reliability of self-report measures for
youth as well as limitations and future directions. Foley and colleagues evaluated the
validity and reliability of use-of-time survey tools for assessing PA and SB for youth. Their
summary of 16 articles revealed relatively low validity for standard time-use methods with
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correlation coefficients ranging from 0.30 to 0.40. Lubans and others reported similar
conclusions regarding validity of self-report measures for children and adolescents (i.e.,
correlations of approximately 0.30). Both reviews indicated that there were few self-report
tools specific for assessment of youth SB and that self-report measures were evaluated
against other methods of unknown validity. This limitation may partially explain the weak
findings for both validity and reliability. Since youth SB is considered a construct
independent of PA (Pate et al. 2011), key research priorities would be to develop self-report
tools specifically for youth SB and validate them with appropriate reference measures.

Monitor-Based Approaches
The documented limitations of self-report measures have led to an increasing emphasis
on more objective measurement techniques in public health research. Accelerometry-based
measures have been widely accepted for assessing PA behavior and procedures have been
proposed to enable these tools to assess SB. Accelerometry-based devices have
considerable advantages in assessing SB. For example, they can provide information about
breaks and bouts of SB in addition to relatively accurate estimates of total time spent
sedentary. However, they also have some important limitations. Objective techniques, for
instance, cannot distinguish specific types of SB or provide contextual information about
SB.
On the surface, it is somewhat paradoxical to expect accelerometry-based monitors to
quantify SB since they are designed to quantify movement. The logic is that the
accumulation of little or no movement over a certain time interval could occur only if a
person were sedentary; however, the fundamental challenge is to establish an appropriate
cut point that identifies SB without capturing sleep or light-intensity PA. This is an
important distinction since a relatively high cutoff threshold would result in higher
estimates of SB time, and vice versa (Hislop et al. 2012). Since activity counts cannot be
directly compared, cut points have to be developed specifically for each monitor and each
population.
The most commonly used monitor is the ActiGraph, and there has been a convergence
toward a default value of 100 counts per minute (cpm) (Evenson et al. 2008; Treuth et al.
2004). The 100 cpm value has been used in surveillance studies (Chinapaw et al. 2012;
Matthews et al. 2008; Nilsson, Anderssen, et al. 2009; Ortega et al. 2013; Ruiz et al. 2011;
Steele et al. 2010; Troiano et al. 2008) and in health outcome studies (Celis-Morales et al.
2012). However, other cut-point values have also been proposed or tested: 200 cpm (King
et al. 2011; Trost et al. 2012; van Sluijs et al. 2010), 300 cpm (Stone, Rowlands, and Eston
2009), 500 cpm (Eaton et al. 2012), 800 cpm (Cliff et al. 2013; Janz, Burns, and Levy 2005;
Pate et al. 2006; Puyau et al. 2002), and 1,100 cpm (Guinhouya et al. 2007; King et al.
2011; Reilly et al. 2003).
The classification accuracy of the default 100 cpm has been empirically tested by two
previous validation studies (Fischer et al. 2012; Kim et al. 2014). Kim and colleagues
compared six different commonly used sedentary cut points (i.e., 100 cpm, 200 cpm, 300
cpm, 500 cpm, 800 cpm, and 1,100 cpm) for hip-worn versus wrist-worn ActiGraph
monitors relative to directly observed intensity categorization in a sample of 125 children.
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They asked each participant to perform a series of 12 activities (randomly selected from a
pool of 24 activities) for 5 minutes each in a strictly controlled laboratory setting. Of the six
cut points for hip-worn ActiGraphs, the 100 cpm had the highest classification accuracy in
identifying sedentary activities with a kappa statistic of 0.81. However, classification
accuracy was poor when the six cut points were applied to data from wrist-worn
ActiGraphs: kappa statistics ranging from 0.44 to 0.67. Fischer and colleagues compared
four different sedentary cut points (100 cpm, 300 cpm, 800 cpm, and 1,100 cpm) and found
the 100 cpm to be the most accurate cut point for classifying four types of SB (i.e., playing
computer games, playing nonelectronic sedentary games, watching TV, playing outdoors) in
a sample of 29 children ages 5 to 11. Convergent findings from the two studies support the
continued use of the traditional sedentary cut-point value of 100 cpm for youth. However,
more comprehensive validation studies that test larger samples of more representative
children under more real-world conditions are needed for both hip-worn and wrist-worn
ActiGraph monitors.
Another consideration with objective accelerometer-based measures is handling issues
with wear time. Studies of PA often set minimum wear-time durations (e.g., 10-12 hr) to
ensure that the available time for PA is captured. The minutes of nonwear time are a minor
issue when quantifying PA since it is generally assumed these periods would not contribute
PA minutes unless otherwise indicated in some type of log. However, isolating nonwear
minutes has more relevance in research on SB since periods of nonwear time would be
more likely to be during SB. A previous study (Tudor-Locke, Johnson, and Katzmarzyk
2011) demonstrated that failure to account for nonwear time can lead to considerable bias in
estimates of SB. Another study (Winkler et al. 2012) also demonstrated that estimates of SB
greatly varied depending on selection of different nonwear time algorithms.
Although these are pervasive challenges with most devices, some technologies
circumvent the use of cut points and nonwear issues by directly classifying SB. The
SenseWear armband monitor, for example, can directly detect wear time. It also
discriminates sleeping and lying time using proprietary pattern recognition methods. The
SenseWear uses pattern recognition technology to detect different movements and then
provides energy expenditure (EE) estimates for the observed behavior. Therefore, the EE
thresholds serve as the primary method for distinguishing SB from light-, moderate-, and
vigorous-intensity PA. Similarly, the activPAL (a thigh-worn inclinometer) distinguishes
time spent sitting or lying, standing, and stepping, thereby providing a way to directly
distinguish posture and the detection of SB (i.e., sitting or lying). The activPAL has been
used in studies with adults (Clark et al. 2013; Dall et al. 2013; Hart, Ainsworth, and TudorLocke 2011; Sellers et al. 2012) but has not been widely used to study youth SB. However,
a number of validation studies have been carried out to validate the accuracy of the
activPAL for assessing SB in this population. Two studies (Aminian and Hinckson 2012;
Davies et al. 2012) supported the classification accuracy of the activPAL using direct
observation and video analyses as the criterion. However, another recent study (Van
Cauwenberghe, Wooller, et al. 2012) found low agreement (kappa = 0.46) between the
activPAL and an accelerometry-based activity monitor (i.e., Actical). The activPAL
provides the best option for calculating sitting time but it is not able to distinguish lying
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time from sleep. Thus, there are advantages and disadvantages of different objective
techniques for evaluating SB.
\qqBegin special element\

Unique Measurement Issues in Youth
Some unique measurement issues come into play when quantifying measures of PA and
SB in youth. One key distinction relevant to this paper is how to operationalize SB in terms
of METs. The traditional MET-based threshold of SB (<1.5 METs) has been proposed as a
universal definition by the Sedentary Behavior Research Network, but this value is not
necessarily appropriate for youth. Youth have higher resting EE (REE) values, so
researchers studying youth PA behavior have widely accepted that a higher threshold of 4
METs is more appropriate for quantifying PA in youth (Trost et al. 2011). Therefore, it is
logical for the threshold distinguishing SB from light activity to also be higher. In adults,
the threshold of MVPA (i.e., 3 METs) is two times higher than the threshold for light
activity (i.e., 1.5 METs). To preserve this ratio in youth, the corresponding MET threshold
for youth would be 2.0 METs. A recent study (Saint-Maurice et al. 2015) confirmed that a
value of 2 METs yields better agreement and classification accuracy of SB than 1.5 METs,
so this value merits broader consideration for research on SB in youth.
\qqEnd special element\

Health Effects of Sedentary Behavior in Youth
Research has documented significant health consequences associated with SB in adults
(Dunstan et al. 2012; Owen et al. 2010) but the effects are somewhat less clear in youth.
This is most likely due to the longer time course of chronic diseases—children may be at
risk for future health problems, but the effects may not manifest themselves until later in
life. Because of the latency issue, research in this area has generally focused on outcomes
that are directly observable in youth such as obesity and the more immediate consequences
of obesity in youth like metabolic syndrome. In general, the literature suggests that SB has
small or negligible effects on obesity or health risks after taking participation in PA into
account. The potent health benefits of MVPA appear to overpower the immediate health
risks associated with SB in generally healthy kids, but risks may persist in overweight and
obese youth or those already potentially at risk. The specific types of sedentary activities
(i.e., TV viewing, screen time) appear to have unique detrimental effects on cardiovascular
and metabolic health in youth. Therefore, it is important to explore further the interplay of
different types of sedentary activities and their interacting effects on obesity and other
health indicators in youth.
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Effects on Obesity
Early research on SB indicated that excess TV viewing and game playing were likely
contributors to overweight and obesity in youth (Andersen et al. 1998; Dietz and Gortmaker
1985; Ekelund et al. 2006; Gortmaker et al. 1996). These prominent papers and several
high-profile interventions (Robinson 1999) increased attention on SB in youth. Several
comprehensive reviews of studies from 1995 to 2005 (Academy of Nutrition and Dietetics
2006; Must and Tybor 2005) concluded that increased PA and reduced SB were both
protective against excess weight (i.e., fat) gain during childhood and adolescence. The
reviews both noted mixed findings and small overall effects, but the equivocal findings
were attributed to measurement challenges and design issues. A meta-analysis conducted
around the same time frame (Marshall et al. 2004) provided a more quantitative indicator of
these effects. Sample-weighted effect sizes for studies evaluating links between SB and
body fatness were small for both TV (0.07) and video game use (0.13). Although these
links are statistically significant, the authors concluded that the effects were likely too small
to be of much clinical significance.
A number of studies have revisited these findings and generally come to different
conclusions. Fulton and colleagues (2009) used longitudinal data from Project Heartbeat to
evaluate the influence of PA and SB on various body composition indicators. The results
revealed no association between SB and indicators of body composition, but it is possible
that these null findings could have been caused by the use of only a single 24-hour recall to
estimate PA and SB. However, other studies have come to similar conclusions (Chaput et al.
2012; Mitchell et al. 2009; Must et al. 2007). An interesting finding was found from a study
by Byun, Liu, and Pate (2013) that examined associations of objectively measured SB with
BMI z-scores in two samples of preschoolers (total N = 418). The authors found no
associations between objectively measured (ActiGraph) SB and BMI z-scores, after
controlling for MVPA time. These findings suggest that sedentary youth are not more likely
to be overweight if they are physically active.
The equivocal nature of the literature makes it hard to draw definitive conclusions
(Tanaka, Reilly, and Huang 2014). Newer studies have statistically controlled for
participation in MVPA and have tended to use more advanced analytical methods. Kwon
and colleagues (2013), for example, used growth models to evaluate the independent
contributions of PA and SB on adiposity in a longitudinal sample of youth. Consistent with
other studies, the time spent in MVPA was found to be associated with low fat mass (after
controlling for SB and other variables), but sedentary time was not associated with fat mass
after controlling for MVPA (Kwon et al. 2013). However, another recent and well-designed
study (Mitchell et al. 2013) showed an association between SB and weight outcomes using
longitudinal data. Thus, the issue remains somewhat unresolved.
A challenge in interpreting this literature is that SB has been operationalized and studied
in a number of different ways. Early research tended to rely on self-report measures such as
time spent watching TV; later studies have tended to emphasize objective measures. A shift
to objective measures has clear advantages, but, as mentioned previously, these measures
may lack specificity to capture distinctions among types of SB. Therefore, conclusions still
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should be viewed with caution. It is possible, for example, that associations are blunted
when total SB time is used instead of time spent in specific behaviors such as TV viewing.
A recent review (Tremblay et al. 2011) specifically concluded that excess TV viewing
(more than 2 hr) was associated with increased BMI in youth ages 5 to 17, so it may be that
TV viewing confers a more specific risk for becoming overweight. A longitudinal study
(Fuller-Tyszkiewicz et al. 2012) identified a bidirectional relationship between TV viewing
and obesity—that is, children watching TV were more likely to gain weight and obese
children were more likely to watch TV. Future research is clearly warranted to determine
the direction of causal pathways between TV viewing and obesity in youth.

Effects on Metabolic Health and Health Risks
A number of studies have examined the direct effects of SB on chronic disease risk
factors and indicators of metabolic health such as metabolic syndrome. The review by
Tremblay and others (2011) concluded that hours of SB were associated with increased
metabolic syndrome risk (in a dose–response manner). However, a quantitative review
(Ekelund et al. 2012) using pooled data from 14 accelerometer-based studies determined
that SB in youth was not associated with chronic disease risk factors after controlling for
MVPA. Colley and colleagues (2013) used primary data and more refined accelerometerprocessing techniques that accounted for breaks in SB and they reported similar conclusions
as the Ekelund study.
The findings showing little or no effects of SB on health are similar to the general
conclusions reached earlier regarding BMI; however, there are also some exceptions and
discrepant findings that merit attention. A cross-sectional study by Saunders and others
(2013) found that higher sedentary breaks and bouts were significantly associated with
adverse cardiometabolic risk scores. However, since the study population was a group of
children with a family history of obesity, it is possible that genetic factors predisposing the
parents toward obesity might have influenced the relationships. Another study (Cliff et al.
2013) reported that SB remained significantly associated with HDL cholesterol after
controlling for PA in a sample of overweight and obese youth. This same conclusion has
been reached in other studies (Kriska 2013; Mitchell et al. 2013), so it is likely that the
health effects of SB become more apparent or manifested in participants who are already
somewhat at risk. This possibility is further supported by the detailed meta-analyses of
Ekelund and colleagues (2012), since larger effects were observed in the most sedentary
group. Thus, there may be a compounding of risk in people who are both inactive (i.e., low
levels of MVPA) and sedentary (i.e., large amounts of sitting related behaviors). The
complexities of these relationships were recently summarized in a systematic review study
by Saunders and colleagues (2014).
A factor contributing to the variability in findings is the lack of clarity about the ideal cut
point for detecting SB with accelerometers. Atkin and others (2013) used a meta-analytic
approach to evaluate the effect of different SB cut points on metabolic risk indicators in the
European Youth Heart Study. The association was moderated by cut-point value, with
stronger associations observed for higher cut-point values (Atkin et al. 2013). A related
study reached a similar conclusion (Bailey et al. 2013), so it is important to consider the
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possibility that cut points that best capture SB may not be the best thresholds for detecting
risk. It is also possible that current measures from objective devices may not be sensitive
enough to capture the potentially negative effects from specific types of SB. Support for
this possibility is found in previous research (Hsu et al. 2011) that showed that self-reported
estimates of SB were independently related to higher odds of metabolic syndrome after
controlling for accelerometer-derived estimates of time in MVPA. The inability of
accelerometers to detect the type of SB may obscure differential effects from specific SB. It
is possible, for example, that TV viewing may represent a distinct behavior that has
different risk profiles than SB in general. This possibility is even more directly supported
by a clinical investigation (Martinez-Gomez et al. 2012) where the authors reported that
objectively measured sedentary time was not associated with cardiometabolic markers after
controlling for confounders (e.g., PA); in contrast, subjectively reported TV viewing
remained positively correlated with a number of risk markers. A similar relevant finding
was found from a cross-sectional study by Chaput and colleagues (2012) that examined
combined effects of MVPA and SB on cardiometabolic health using both subjective and
objective methods. The authors found that subjectively reported screen time was
significantly associated with three of the six individual cardiometabolic risk factors, even
after adjusting for MVPA time; however, total sedentary time (assessed with an
accelerometer) was not associated with any of the six risk factors. Another study (Chinapaw
et al. 2012) reported that neither objectively (i.e., total sedentary time) nor subjectively
measured SB (TV time and PC time, separately) was significantly associated with
individual metabolic risk factors. However, a large well-designed cross-sectional study by
Stamatakis and colleagues (2013) reported that TV viewing was associated with
cardiovascular risk factors but that computer use and electronic gaming were not. These
findings indicate that the subtle aspects of SB may not be captured with objective
techniques and that relationships of screen time with cardiovascular health may not be
completely understood with a single screen-based activity indicator. Similar to results with
obesity, the unique associations of TV and health risk may be due to the fact that TV
viewing is also associated with unhealthy diets and habits (Pearson and Biddle 2011).
The use of alternative outcome measures (e.g., cardiorespiratory fitness, or CRF) has also
shown potential for elucidating potential health effects of SB. Mitchell, Pate, and Blair
(2012), for example, reported that screen time was associated with lower levels of CRF,
independent of participation in vigorous PA and also after controlling for socioeconomic
status (SES). The findings of their study were similar to another study that also controlled
for PA behavior (Hardy et al. 2009). These studies show that SB may have direct effects on
CRF that may then influence PA behavior or carry over into adulthood. The study by
Mitchell, Pate, and Blair (2012) reported that the effect varied across the range of CRF
values, with smaller effects observed at the lower end of the CRF distribution. A
contradicting finding was identified from a study by Denton and colleagues (2013) that
sedentary time was not associated with CRF, whereas vigorous PA was. Additional research
is clearly warranted to better understand the specific mechanisms through which excessive
youth SB has harmful effects on health.
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Surveillance of Sedentary Behavior in Youth
It is difficult to find any definitive reports on the prevalence of SB in youth. This is partly
because it varies greatly by age and also because it is assessed with a variety of measures.
Another challenge is that there are no standardized guidelines that specify recommended
amounts (maximums) of SB for youth. The American Academy of Pediatrics has
recommended fewer than 2 hours per day of TV but surveillance tracking in the United
States has used a threshold of fewer than 3 hours of TV per day and less than 1 hour of
leisure computer use. A recent study by Lowry and others (2013) reported on patterns of SB
in the United States by summarizing recent findings from the National Youth Physical
Activity and Nutrition Study. The authors found that approximately 28% of youth exceed
the recommended levels for TV viewing (>3 hr per day) and 24% exceed the recommended
level for computer use (>1 hr per day). Another well-designed study based on data from the
2009-2010 NHANES (Fakhouri et al. 2013) estimated prevalence rates of PA and screen
time (i.e., a sum of computer use, video gaming, and TV viewing), as well as combinations
of both indicators. Overall, about 70% and 50% of American youth met the guidelines for
PA (i.e., 60 min of MVPA per day or more) and screen time (i.e., 2 hr per day or less),
respectively (Fakhouri et al. 2013), but less than 40% met both of the guidelines. The
difficulty in capturing the prevalence of SB is best captured in a comprehensive review
conducted by Pate and colleagues (2011). They reviewed 76 studies that investigated
prevalence and correlates of SB and concluded that daily SB time in youth ranged from 3.6
to 8.1 hours, depending on the population and how SB time was assessed.
Secular trends are even more difficult to confirm. The general perception among many
people is that youth today spend more time being sedentary than previous generations, but it
is difficult to find data to document these perceptions. Secular trends from a longitudinal
study (Nelson et al. 2006) indicated substantial increases in computer use among
adolescents, but this may be due to increased access to computers and not to SB, per se.
Nationally representative data (Iannotti and Wang 2013) provide some indicator of how
levels of SB in youth change over time. In that study (Iannotti and Wang 2013), time spent
on three sedentary activities (i.e., TV viewing, video gaming, and computer use) was
estimated using the Behavior in School-Aged Children survey at three distinct measurement
cycles: (1) 2001-2002 (n = 14,607), (2) 2005-2006 (n = 9,150), and (3) 2009-2010 (n =
10,808). Of the three sedentary behaviors measured, only TV viewing time significantly
decreased over time from 3.06 hours per day to 2.38 hours per day; however, PA time
(assessed in the same survey) was somewhat static over the same period of time (Iannotti
and Wang 2013). A similar pattern of findings was observed from a study by Li, Treuth, and
Wang (2010) that used data from the Youth Risk Behavioral Survey (YRBS) to evaluate
trends in PA and SB among high school youth from 1999 through 2007. Interestingly, the
prevalence of youth reporting more than 3 hours per day of TV viewing declined from
42.8% to 35.4%. Neither of the studies reported secular trends in screen time, but the data
do indicate increasing use of other forms of screen time. Plots showing more recent patterns
from the YRBS are provided in figure 18.2 for both TV (top) and screen time (bottom). As
is apparent, the prevalence of TV watching has continued to decrease, but the overall
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percentage of youth reporting 3 or more hours of screen time has increased. Thus, declines
in TV viewing have been more than offset by increases in other sources of screen time.

Figure 18.2 Secular trends of percentages of youth who watched TV (a) and
used computer (b) for 3 or more hours by gender.

Data from YRBSwww.cdc.gov/healthyyouth/data/yrbs/index.htm

Differences in Sedentary Behavior by Age and Gender
A major public health concern in society is the age-related decline in PA and the apparent
increase in SB with age. Although the concerns are justifiable, it is somewhat unrealistic for
youth to follow any other path. Studies show age-related declines in PA with all animal
species, so the transition is largely a biological phenomenon (Rowlands 2009). As PA
declines, it is logical to expect corresponding increases in SB. However, changes with age
appear to be considerably dependent on types of instruments used to assess SB, specific
types of sedentary activities investigated, and study populations included. To be specific,
data from objective assessment tools (i.e., accelerometers) clearly indicate that sedentary
time increases with increases in age. For example, in a study by Whitt-Glover and others
(2009), objectively measured data from NHANES clearly indicated that total daily
sedentary time substantially increased by more than 2 hours per day across the three age
groups (i.e., 6-11 years, 12-15 years, and 16-19 years). This age effect was evident in all
sub-comparison groups by gender, ethnicity, SES background, and weight status. Moreover,
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cross-cultural comparisons of age-related patterns were provided by van Sluijs and
colleagues (2010) using objective data from the European Youth Heart Study. The results of
the study revealed very consistent age-related increases (cross-sectional data) in four
countries. The estimates of SB ranged from approximately 190 to 230 minutes per day for
3rd graders and from 300 to 370 minutes for 9th graders.
In contrast to the clear, convergent findings with objective measurement tools,
subjectively measured data provide disparate patterns of changes in SB across ages. For
example, a longitudinal study using survey methods reported no significant changes in TV
and video viewing time from early to late adolescence but significant increases in computer
use time (from about 8 to 15 hr/week) over the same time frame (Nelson et al. 2006). In
contrast, the detailed data from the YRBS (Li, Treuth, and Wang 2010) show that the
prevalence of both TV viewing and screen time declines with age during the high school
years (see figure 18.3). Somewhat contradictory findings were reported by Sisson and
colleagues (2009) using NHANES data. They reported that older youth (i.e., 6-11 years and
12-15 years) exhibited higher proportions of spending 2 hours per day or more on all three
types of sedentary activities studied (i.e., TV and video viewing, computer use, and total
screen time) compared to younger youth (i.e., 2-5 years).

Figure 18.3 Percentages of youth who watched TV and used computer for 3 or
more hours by grade.

Data from YRBSwww.cdc.gov/healthyyouth/data/yrbs/index.htm
Regardless of the trend, a more fundamental question for behavioral researchers is to
understand the contributing social and environmental factors and the decision-making
processes that underlie choices youth make regarding SB. Using growth curve models,
Mitchell and others (2012) examined the longitudinal patterns of SB in a large sample of
youth from the Avon Longitudinal Study of Parents and Children. They determined that the
increases in SB closely matched the decrease in light PA. A similar conclusion was reached
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in another study (Treuth et al. 2009) using longitudinal data from the Trial of Activity in
Adolescent Girls. The fact that sedentary time does not appear to be coming directly at the
expense of time spent in MVPA reinforces the general perception that SB is independent
from PA. However, it is overly simplistic to generalize youth patterns based on changes in
group-level distributions. It is possible (and likely) that dynamic shifts occur between the
allocations (on an individual level) that cannot be detected with traditional group-level
analyses. Time that is no longer spent in MVPA clearly has to appear in either the light or
the sedentary category, but additional work is needed to understand these shifts and how
they vary among people. Based on the available evidence, it does appear that light activity
buffers the relative changes between MVPA and SB with age, but the effects may vary by
the type of SB assessed (and the methods used to capture it).

Social and Cultural Differences in Sedentary Behavior in
Youth
A key goal in public health is to reduce health disparities in the population. Obesity and
chronic disease rates tend to be higher among minorities and lower SES groups, and
prevalence rates for SB in youth mirror some of these patterns. Based on the analyses by Li
and others (2010), nearly 70% of black youth exceeded the daily TV viewing standard of 3
hours compared to around 30% of Caucasian youth. Prevalence rates for more than 3 hours
of screen time (video, computer games, or nonschool computer use) were approximately
25%. These rates were also higher for black youth, followed by Hispanic and Caucasian
subjects. Fulton and colleagues (2009) reported similar disparities in the prevalence of selfreported TV viewing and computer use in children evaluated in NHANES. For example, the
prevalence of youth meeting the established pediatric guideline of ≤2 hours per day of TV
viewing (American Academy of Pediatrics 2001) was about 50% in black youth, 63% for
Hispanic subjects, and nearly 70% for Caucasian subjects (Fulton et al. 2009). However,
another NHANES study (Sisson et al. 2009) reported that the proportions spending excess
time with TV or video watching, computer use, and total screen time were considerably
higher for African-American youth than for both Mexican-American and EuropeanAmerican youth. A more recent NHANES study by Fakhouri and colleagues (2013)
reported that Hispanic children were even more likely than non-Hispanic white children to
meet recommended levels of total screen time. An explanation for these disparate findings
is that there may be differences in patterns depending on the type of screen time reported or
evaluated. To examine this in more detail, the reported patterns of TV viewing were directly
compared with other screen time behaviors using the most recent YRBS data (see figure
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18.4). As is apparent, the distribution of screen time behaviors varies considerably for
different racial and ethnic groups.

Figure 18.4 Percentages of youth who watched TV and used computer for 3 or
more hours by ethnicity.

Data from YRBSwww.cdc.gov/healthyyouth/data/yrbs/index.htm
Differences by race often receive more attention in the literature, but it is likely that the
patterns are more directly influenced by socioeconomic status than ethnicity. Clear
disparities by income were evident in the study by Fakhouri and colleagues (2013), so more
complex models with interaction terms may be needed to fully explicate the nature of health
disparities. Another factor that must be considered when interpreting this literature is the
type of assessment used in the study. Whitt-Glover and others (2009) used objectively
measured data (i.e., accelerometer) from NHANES to examine disparities in PA and SB in
youth. Contrary to the findings from subjectively measured data, their study reported no
differences in total sedentary time across SES and ethnic groups. Thus, it remains unclear
whether the observed disparities in SB are real or artifact that arises due to measurement
bias.
Sociodemographic patterns have also been reported in other countries. A study by
Brodersen and others (2007) reported that minority students and students from lower SES
background in the UK tended to be more sedentary. These patterns were found to match the
underlying patterns observed for obesity and chronic disease in society, prompting the
authors to point out that “ethnic and SES differences are observed in PA and SB that
anticipate adult variations in adiposity and cardiovascular disease risk” (p. 140). This
statement, although not directly testable, points out the potential effect that youth SB may
have on adult health profiles. As previously described, SB may have independent effects on
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health, but it is also important to consider the possibility that SB may contribute to (or
reflect) an overall unhealthy lifestyle profile that precipitates future risk. Continued
surveillance using geospatial analyses may help to identify the underlying social and
cultural factors that contribute to these patterns. The use of more complex system-science
models may also prove useful in explicating the relative contributions of social, cultural,
and economic factors that contribute to the social disparities in youth SB.
Considerable efforts have clearly been made to investigate prevalence rates and
disparities of youth SB; however, the results are not consistent across studies. Similar to
previous comments, this is mainly attributable to differences in types of SB as well as the
various types of measurement tools used to assess these behaviors. It is important to note
that subjective tools have been broadly used for large-scale epidemiological surveillance
studies to assess and track prevalence rates and can provide detailed information about
types and context of youth SB. However, a single type of SB (e.g., TV viewing or computer
use) cannot be fully reflective of the wide spectrum of SB in youth (Biddle et al. 2004;
Biddle, Gorely, and Marshall 2009; Olds et al. 2010). Therefore, a wider variety of
sedentary activities should be examined to better understand underlying patterns and
disparities of SB in children and adolescents. Moreover, future research is needed to
accumulate more objectively measured longitudinal data in order to investigate temporal
trends of youth SB.

Correlates of Youth Sedentary Behavior
A key step in behavioral epidemiology is to understand the correlates that underlie or
explain a specific behavior—in this case, SB. The seminal paper by Owen and colleagues
(2010) documented that SB is independent from PA behavior, and deserves to be studied
independently of PA. Interestingly, the majority of papers examining correlates of SB have
typically examined both SB and PA behavior together (Dolinsky et al. 2011; Lowry et al.
2013; Rusby et al. 2013; Van Der Horst et al. 2007). Although these comparisons have
proven informative, a limitation of this approach is that, as noted in a previous study
(Nilsson, Andersen, et al. 2009), correlates shown to relate to MVPA typically have little
relation to SB. However, a detailed review of 76 studies (Pate et al. 2011) determined that
demographic profiles of SB seem to parallel profiles associated with low PA. For example,
children who are older, non-white, or in a lower SES group were likely to spend more SB
time compared to their counterparts.
A recent study of correlates was published by Lowry and colleagues (2013) using
representative data from the National Youth Physical Activity and Nutrition Study. The
battery of correlates emphasized constructs that would be expected to be related to PA. The
correlates would not necessarily be expected to be associated with SB, but in adjusted
logistic regression models, significant associations were observed for attitudes to PA (TV
viewing and computer use), parent support for PA (computer use), and sports equipment
(TV viewing). The authors, however, noted that these results suggest that correlates of PA
may still have predictive utility on SB. An interesting observation from study by Lowry and
colleagues is that it is likely that the predictive utility of PA correlates could be due to
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common underlying variables (e.g., parenting practices). However, the authors also noted
that the effect of positive PA attitudes was evident only among youth who perceived that
they lived in safe environments. Violence appears to be an important barrier to PA and it
may also lead youth to spend more time indoors performing SB. This may explain the
common observation of lower PA and higher SB in lower SES groups (Fairclough et al.
2009).
Some unique insights about SB have been reported in studies that have specifically
examined correlates of SB. A prior study (Babey, Hastert, and Wolstein 2013), for example,
determined that correlates of TV viewing are different from those influencing leisure-time
computer use, so these may reflect clearly different behaviors. However, another review
study (Hinkley et al. 2010) noted that parent rules about TV viewing appear to transfer to
use of electronic games and computer use. Similarly, Jago and others (2008) concluded that
youth who have more autonomy over their own behavior are at greater risk of watching
more than 2 hours of TV and playing more than 1 hour of computer games per day.
Collectively, these findings support the importance of parental monitoring and rules for
moderating and curtailing excess SB in youth. Teaching youth to regulate SB appears to be
important, which is consistent with studies that support the general advantages of more
authoritative parenting styles. Authoritative parenting styles, for example, have been shown
to be associated with less obesogenic home environments (Johnson et al. 2012).
From an environmental perspective, studies have generally observed that SB is correlated
with the number of TV sets in the home or the presence of a TV in a child’s bedroom
(Delmas et al. 2007; Jago et al. 2008); however, van Sluijs and colleagues (2010) observed
that patterns were not consistent across countries. These indicators, however, may have less
relevance in future studies of SB because TV time and access may not capture time spent
on a cell phone or with a tablet or MP3 player.
To better understand SB, it is important to better understand patterns of SB in youth. A
recent comprehensive review and meta-analysis by Pearson and others (2014) concluded
that there was a negative but minimal association between SB and PA in children and
adolescents. This indicates that the absence of SB cannot be equated with presence of PA,
and vice versa. However, it is still difficult to generalize any particular patterns of SB (and
PA) in young people. Some interesting contextual information was obtained by Hardy and
colleagues (2006), who examined patterns of small-screen recreation (SSR; defined as TV,
computer, video, and DVD use) in a large sample of Australian adolescents (n = 2,750).
This study documented that boys reported more time of SSR use in comparison with girls
and that a prevalence of excessive SSR use (>2 hr/day) greatly differed by urbanization
(urban versus rural), SES backgrounds (higher versus lower), and weight status (overweight
versus normal weight). Two previous studies (Herman et al. 2014; Olds et al. 2011)
indicated that overweight or obese youth were shown to spend more time being sedentary
than normal weight youth. However, no contextual information of SB has been fully
characterized or examined by weight status. Another large study by Biddle and colleagues
(2009) described temporal and environmental patterns of TV viewing and computer use
within a day in 1,500 adolescents aged 13 to 16 years. This study demonstrated that the
adolescents watched TV and used computer most likely during the middle-to-late evening
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and that TV viewing was the most commonly occurring activity during weekend days.
Other detailed hour-by-hour analyses by Van Cauwenberghe, Jones, and colleagues (2012)
and Hesketh and others (2014) revealed that preschoolers had relatively higher levels of SB
(and lower levels of MVPA) in the mornings and on weekdays. Moreover, levels of SB and
MVPA varied substantially by demographical and temporal factors during segmented hours
of week versus weekend days.
A promising analytical approach in this area of research is the use of cluster analyses,
which allow underlying patterns to be empirically derived and examined. Zabinski and
colleagues (2007), for example, used cluster analyses to examine patterns in estimates of
time spent performing six different SBs (TV, telephone, computer, music, homework, and
reading). They classified four distinct subgroups of the sedentary cluster by the degree of
sedentariness of the participants and demonstrated that time spent in all six SBs increased
from the lowest sedentary group to the highest sedentary group. Several other studies have
used similar cluster analyses to create distinct behavioral clusters that characterize
behavioral typologies of SB (Boone-Heinonen, Gordon-Larsen, and Adair 2008; Trilk et al.
2012). Boone-Heinonen and colleagues identified seven and six discrete clusters for boys
and girls, respectively. Their study specifically reported that girls in the sedentary cluster
were more likely to be obese in relation to the referent group (i.e., the club and sports
cluster), but this relationship was not observed for boys. In another study that employed
cluster analyses, Trilk and others (2013) identified six clusters (educational sedentary,
sports and play, active transport and chores, electronic media, sleep, and organized sports
teams, classes, or lessons in past year). This study reported that time spent in SB increased
transitioning from 6th to 8th grade in 957 girls. These studies have helped to highlight the
inherent complexity of youth SB. Straker and colleagues (2013) identified three clusters
based on screen-based media use for adolescents: instrumental computer users (high e-mail
use, general computer use), multimodal e-gamers (both high console and computer game
use), and computer e-gamers (high computer game use only). High TV viewing time and
substantial differences in steps taken and MVPA accumulated were observed among the
three clusters (Straker et al. 2013).

Intervention Approaches for Sedentary Behavior
in Youth
In the behavioral epidemiology framework, theory-based information about correlates of
SB can be applied in intervention studies to test methods for reducing SB in youth. Progress
has been made, but the variability in outcomes and approaches makes it difficult to draw
conclusions about the effectiveness of behavioral interventions for SB. A study by Steeves
and colleagues (2012) reviewed 18 studies focused on reducing SB (9 specific for SB and 9
targeting multiple behaviors). The authors reported that the majority of the studies directly
targeted screen-based sedentary behaviors and most used one or more behavior
modification approaches such as goal setting (78%) and self-monitoring (67%). Half of the
interventions were found to yield statistically significant changes in SB, with effects
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ranging from −0.44 to −3.1 hours per day. The most successful interventions were those that
used electronic monitoring devices or made TV viewing contingent on other behaviors.
Using TV as a reward for PA was viewed as a counterproductive strategy since it would
indirectly make the TV a more valuable activity. The authors recommended the need for
additional research in different age ranges (e.g., preschool and adolescent) and different
settings (e.g., pediatrician office, schools) since most of the studies were done with limited
age ranges and through research environments rather than in community-based settings.
The authors also noted that the overwhelming majority of the studies (89%) relied on selfreport measures for evaluating outcomes, so it is possible that effects would be different if
objective measures were used.
A meta-analysis (van Grieken et al. 2012) evaluated 34 randomized controlled trials on
SB over the past 20 years. The mean differences were small but significant for both
reductions in SB (mean difference of 18 min/day) and BMI (mean difference of 0.25 kg/
m2). A systematic review and meta-analysis (Kamath et al. 2008) described and evaluated
randomized controlled trials intended to prevent childhood obesity through reductions in
SB. They reviewed a total of 14 comparisons with 3,003 youth and obtained a pooled effect
size of −0.29 (95% CI = −0.35, −0.22; I2 = 63%), which indicates that intervention groups
had reductions in SB compared to control groups. Another recent meta-analysis by Liao and
others (2014) reviewed a total of 24 randomized-controlled trials aimed at reducing BMI
through reductions in SB in children and revealed that reductions in SB resulted in declines
in BMI levels, with pooled effect sizes ranging from −0.060 to −0.089. DeMattia, Lemont,
and Meurer (2007) carried out another comprehensive review of intervention studies aimed
at decreasing SB in youth. A total of 12 studies were retrieved for review: 6 of them were
intervention programs targeting clinical populations (i.e., overweight or at-or-risk of
overweight), while the other 6 studies were prevention programs targeting average
populations in childhood. The authors reported that all the 12 intervention studies reviewed
resulted in reductions in SB and improvements in weight status. Leung and colleagues
(2012) found a similar finding from a systematic review of 12 randomized controlled trials
aimed at reducing SB in school-aged children. They concluded that interventions targeted at
decreasing SB were effective in reducing sedentary time and improving indicators of
childhood obesity. The consistent evidence of declines in BMI is noteworthy, considering
the fairly consistent findings (reviewed previously) that SB is not associated with BMI after
taking PA into account. This suggests that interventions targeting SB (as a construct
independent of PA) can have positive effects on reducing BMI.

Summary
This chapter covers findings on health outcomes, surveillance, correlates, and
intervention approaches. A key aspect of the behavioral epidemiology framework used in
this review (see figure 18.1) is that the assessment of SB plays a key role in better
understanding each area of research. The importance of measurement issues is evident in
the different outcomes observed for findings reached with subjective versus objective
assessment tools.
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Although considerable work has been done, it is difficult to concisely summarize and
characterize SB in youth. This is due, in part, to the small number and short history of
research on youth SB. All previously mentioned studies have contributed to identifying
patterns of youth SB, but more studies are warranted in order to fully understand the
underlying characteristics of SB in children. To date, the majority of studies on youth SB
have emphasized screen-based activities, such as TV, computers, and video games. It is
clear that these are common forms of SB in children, but little is known about the patterns
of other forms of SB (e.g., sitting, standing, chatting, studying) in youth. Moreover, given
that limited evidence exists in terms of location and purpose of youth SB, it is essential to
examine contextual information of SB in youth.
\qqBegin special element\

Key Concepts
• Findings from subjective assessments may differ from objective assessments: The
outcomes from various epidemiology studies tend to vary depending on the type of
assessment being used. It is common to assume that the objective measures are more
accurate than subjective ones, but this is an overly simplistic conclusion. Limitations are
associated with both forms of measurement. Improvements and refinements in both
assessment methods are needed to advance research on SB.
• Health disparities are complex: Many studies have examined disparities in SB and
health using various sociocultural correlates and indicators. Research using single
variables tends to obscure the complexities of these evaluations since many of the
variables are intertwined. Measures used to evaluate SB may have differential forms of
bias in different populations, so it is important to not overinterpret findings. More
complex models and analytic techniques are needed to better understand these issues.
• Not all forms of SB are equal: Many studies have examined SB using composite
indicators of screen time, but evidence exists that the associations may vary by type of
SB. More consistent health risks are evident in studies examining TV viewing, but this
may be due to stronger indicators of this behavior as well as to other related behaviors
taking place while watching TV (e.g., eating). More systematic evaluations of types of
SB are needed to understand the behaviors and the health implications of these
behaviors.
• Youth are not little adults: Public health researchers have a tendency to assume that
patterns and findings from adult research will hold true for youth. However, this is often
not the case. With regard to youth, the evidence does not support the general
observations in adults that SB has independent health risks after taking into account
levels of MVPA. It is possible that the deleterious effects take longer to have an
influence or that other factors affect health status more directly in youth.
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Study Questions
1. What unique measurement issues need to be taken into account when studying youth
SB?
2. Why might health implications of SB be different between adults and children?
3. What factors contribute to observed disparities in SB in youth?
4. What are unique measurement considerations for conducting different types of
research on SB (e.g., health outcomes research, surveillance research, correlates
research, and intervention research)?
\qqEnd special element\
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Chapter 19
Occupational Sedentary
Behavior in Adults
Wendy J. Brown, PhD, FASMF, FACSM, FAAKPE
\qqBegin special element\
The reader will gain an overview of the research on occupational sitting, including how
patterns of sitting at work have evolved over the course of time, and will consider the health
effects of these patterns. By the end of this chapter, the reader should be able to do the
following:
•
•
•
•
•

Consider the changing nature of work over time
Identify the broad occupational groups most at risk of high occupational sitting
Illustrate different ways of measuring occupational sitting time
Describe typical durations and patterns of accrual of occupational sitting
Understand the health effects of occupational sitting and the strength of the evidence
underlying these claims

\qqEnd special element\
It is generally agreed that since Paleolithic times, and more so over the last 50 years,
there has been a decrease in population levels of physical activity (Ng and Popkin 2012).
Although leisure-time physical activity has increased, occupational activity has declined,
reflecting the 20th century transition from a reliance on human power for agricultural and
industrial tasks to the widespread mechanization and computerization of work. With this
change, there has been an enormous increase in the amount of time spent sitting at work.

The Changing Nature of Work
Changes in the overall energy expenditure of work are exemplified by the findings of a
study of Old Order Amish people in the United States, who shun the use of petrol-powered
transport and electricity in their everyday lives, including work activities (Bassett,
Schneider, and Huntington 2004). Amish men and women were found to have daily energy
expenditures of 299 and 207 MET hours per week, respectively. This can be compared with
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estimates from people in the then 15 member states of the European Union who achieved a
median value of 24 MET hours per week (95% CI: 23.6, 24.8) using the same short form
IPAQ measure (Rütten and Abu-Omar 2004). Others have shown that since the 1960s in the
United States, there has been a progressive decrease in the proportion of people employed
in agricultural and production jobs (which typically involve at least moderate-intensity
activity) and an increase in sedentary and light-intensity service jobs (which typically
involve long hours of sitting) (Church et al. 2011).
These declining levels of overall and occupational energy expenditure are illustrated in
an analysis of time-use data from the United States, UK, China, Brazil, and India in the
domains of sleep, leisure, occupation, transportation, and home-based activities over
various periods from 1960 to 2005 (Ng and Popkin 2012). The data show an annualized
decrease in occupational activity of 0.8 (India) to 9.0 (China) MET-hours per week, which
accounts for almost all the decline in overall energy expenditure in these countries over 5
and 18 years, respectively. Occupational activity fell by 35% in the UK and by 41% in the
United States, with estimates of annualized decreases of 1.5 and 1.8 MET-hours per week
over this period.
Although most studies of declining energy expenditure do not explicitly measure
occupational sitting time, Ng and Popkin (2012) provided estimates of occupational activity
and overall sedentary time, which are inversely related. They show that overall sedentary
time increased by 32% over 18 years in China and by 47% over 34 years in the UK. We
now know that in Western developed countries, the majority of this sedentary time is
accrued through sitting at work (the phrase used in this chapter to conceptualize
occupational sedentary behavior). Reflecting changes in the nature of work, both small- and
large-scale studies show that many working adults now spend more than half their working
day sitting (Brown, Miller, and Miller 2003; Jans, Proper, and Hildebrandt 2007; McCrady
and Levine 2009). These data are considered in the following sections.

At-Risk Occupational Groups
In the second half of the 20th century, most of the epidemiological studies in the field of
occupational activity focused on a lack of physical activity. Although the landmark work of
Jeremy Morris drew attention to the ill effects of work characterized by sitting (for
example, in bus drivers, postal sorting workers, and civil servants), the emphasis was on
lack of physical activity (Paffenbarger, Blair, and Lee 2001). Actual measures of
occupational sedentary behavior, or sitting time, did not start to appear in the literature until
the turn of the century (Brown, Bauman, and Owen 2009).
Early studies of time spent sitting at work conceptualized occupations in terms of broad
categories, such as managerial and professional (e.g., executives, lawyers, doctors, and
teachers), white-collar (e.g., technical, administrative, and clerical workers), and blue-collar
(e.g., trades people, transport workers), but the descriptors and the occupations included in
each study vary from country to country.
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Some of the first occupational sitting time studies, which came from Queensland,
Australia, relied on self-reported sitting time and used pedometer measures to indicate lack
of movement. One study showed that managerial and professional workers in an Australian
health facility reported more sitting and recorded fewer pedometer step counts than
technical and blue-collar workers (Miller and Brown 2004). Another early study that did
not measure sitting time confirmed, however, that average daily steps are markedly higher
in blue-collar workers (8,757 steps/day) than in professional (2,835 steps/day) and whitecollar (3,616 steps/day) workers in a regional Queensland University, implying that those
with low steps spent more time sitting (Steele and Mummery 2003).
Other studies with self-report measures of sitting confirm that there is a gradient of
sitting time, with professional workers sitting most and blue-collar workers sitting least, but
these studies also note age and sex differences in sitting time, even within broad
occupational categories (Brown, Miller, and Miller 2003; Duncan, Badland, and Mummery
2010; Mummery et al. 2005). These studies find a tendency for occupational sitting time to
increase with age and job status and note that professional men report more sitting than
professional women (Mummery et al. 2005). These gender differences may reflect the
(unsurprising) fact that full-time workers, who were mostly men in these early studies, sit
more at work than part-time workers, who were mostly women (Brown, Miller, and Miller
2003). Women who work at home in an unpaid capacity (usually caring for young children)
have the lowest sitting times. Interestingly, these studies show that compared with mothers
of young children, full-time workers spend not only four times longer sitting at work, but
also twice the amount of time sitting for transport (Brown, Miller, and Miller 2003).
These early descriptions of significant variations in work-related sitting among broad
occupational groups are confirmed by population-based studies. A significant study from
the Netherlands involving a very large representative sample of Dutch workers shows that
occupational groups described as legislators, senior managers, clerks, and those in scientific
and artistic professions sit more than those in commercial, trade, transport, service, and
agricultural occupations (Jans et al. 2007). When assessed by sector, workers in
computerized jobs, commercial services, transportation, banking, and government sit most
at work, and those in the welfare, retail, health, agriculture, other service, and catering
sectors sit least (Jans et al. 2007). Similarly, an analysis of Australian National Health
Survey data from 2007 to 2008 confirm that professional and clerical or administrative
workers are most likely to spend a large proportion of their working day sitting (Chau et al.
2012).
Overall, these studies shed light on the broad occupational groups that are most at risk of
spending long hours sitting at work. It must be emphasized, however, that the amount of
time spent sitting at work - even in similar occupational groups - is likely to vary according
to specific job roles. Moreover, since most of these studies were conducted in developed
countries, there is little information with which to identify the groups most at risk in
developing countries. It is clear that blue-collar workers generally sit less than their
professional and white-collar colleagues in developed countries, but it is conceivable that
production workers (who would be described as blue-collar) in developing countries may
spend a large proportion of their working day sitting. For example, increasing numbers of
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workers in the large-scale clothing production and electronics industries may explain the
very large overall decrease in occupational activity and increase in time spent sedentary in
countries like China since 1991.

Patterns of Occupational Sitting
At the time of writing this chapter, most of the work on measuring occupational sitting
time focused on office and administrative workers in Western developed countries.
However, interest is growing in other sedentary occupations, including drivers. As indicated
previously, the early Australian and Dutch studies of occupational sitting time relied on
self-reported measures of sitting time. More recent studies have used objective methods of
measuring time spent sitting. But unless there is a way to flag time at work using a log or
diary, these studies often report overall sitting time in working populations, which includes
time spent sitting at work, during transport, and in leisure time (including screen time and
other leisure-time sitting activities).

Self-Reported Estimates
The large Dutch study, which included 7,720 full-time workers in a wide range of
occupations, reports that between 2000 and 2007, average overall daily sitting time in the
Netherlands was 7 hours per day, one-third of which was sitting at work. The longest
occupational sitting time was 3 hours per day for legislators and senior managers and the
shortest was less than 1 hour per day for service workers. Importantly, this study found that
Dutch workers who sit for long periods at work do not compensate by sitting less in leisure
time (Jans et al. 2007).
Data from the Australian National Health Survey indicate higher sitting times. On
average, full-time workers sit for 3.8 (SD 3.0) hours per day at work, and those who
identify as having jobs that involve mostly sitting sit for 6.3 hours per day at work (Chau et
al. 2012). In contrast with the findings from the Dutch study, this Australian study found
that workers with mostly sitting jobs were about 10% more likely to meet physical activity
guidelines (based on walking for transport and leisure-time activities) than workers in more
active jobs (Chau et al. 2012).
Australian data also show that occupational sitting times vary by sociodemographic
characteristics. As might be expected from the at-risk occupational groups, people with
higher levels of education and income tend to sit most (de Cocker et al. 2014). In the earlier
regional Queensland sample, average sitting time at work was 20 minutes higher in men
than women and 30 minutes higher in older (>50 years) than younger (18-30 years) workers
(Mummery et al. 2005). The study of full-time and part-time workers found that full-time
working men sat on average for 4.9 hours per day and full-time working women sat for 3.9
hours per day. Part-time workers sat for only 1.3 hours per day (Brown, Miller, and Miller
2003). However, these gender differences are influenced by the tendency, at least in
Australia, for there to be more men working in professional roles and more women in
technical or trade and clerical or administrative roles (Chau et al. 2012).
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Objective Measures
Since the introduction of accelerometers to the field of PA epidemiology, several
researchers have used these instruments to assess lack of movement, also described as
sedentary time, although accelerometers do not easily distinguish time spent standing still
from that spent sitting or lying down. Several researchers have combined accelerometer
data with diary information to ascertain how much time is spent sitting (or with lack of
movement) while at work.
An Australian study that used accelerometer and diary data to describe workplace sitting
in office, customer service, and call center workers shows that 56% of waking time is spent
at work. Of this work time, employees spend an average of 6.6 hours per day (77% of their
time at work) in sedentary time (<100 cpm on the ActiGraph GT1M) (Thorp et al. 2012).
This study found little variation in sedentary time across work groups (95% CI: 6.56–6.67
hr/day) but discovered that call center workers tend to be the most sedentary and customer
service workers the least sedentary. This estimate of 6.6 hours per day of sedentary time at
work is similar to the Australian self-reported sitting time estimate of workers who identify
as being in mostly sitting jobs (6.3 hr/day; Chau et al. 2012).
A Scottish study that used the activPAL inclinometer to assess sitting time reported
slightly lower estimates of workday sitting time (Ryan et al. 2011). This could reflect the
different occupational groups (lecturers, researchers, technicians, and administrators) in this
study or differences in the way that accelerometers and inclinometers measure sitting time
(Lyden et al. 2012; Ryde et al. 2012). For example, standing (still) at a counter serving a
customer could be categorized as sitting instead of standing when using an accelerometer.
The Scottish study used the activPAL to assess time spent in a sitting posture and reported
that participants were seated at work for 5.3 (SD 1.0) hours per day (N = 83), or 66% of
their time at work (Ryan et al. 2011).
In contrast with these two studies that focused on people in high-sitting occupations, an
innovative Australian study compared sitting times in 65 young adult women (aged 18-36),
half of whom had jobs in which they sat all day and half of whom had jobs that required
them to be on their feet all day (Wane 2012). Using merged data from detailed diaries, the
activPAL, and the ActiGraph GT1M, average time at work was around 8 hours per day in
both groups. Women in the “I sit all day” group spent just over 6 hours per day, or 77% of
their time, sitting. Women in the “I’m on my feet all day” group sat for 4.55 hours per day,
or 56% of their time at work. Although there was wide variation in sitting time in both
groups, overall, the average difference in workday sitting time between the two groups was
only 93 minutes per day (95% CI: 66.7, 121.0). Even in nonwork time, more than half the
time in both groups (average 3.7 hr, or 52% of non-work time) was spent sitting (see figure
19.1).

Figure 19.1 Proportion of time spent sedentary (dark bars); in very light
(gray), light (pale gray), and moderate- to-vigorous (white) intensity activity;
at work (left); and in nonwork time (right) on workdays. Low sitters (<334
min/day sitting; N = 32) are in jobs described as “sitting all day” and high
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sitters (≥334 min/day, N = 32) are in jobs described as “on their feet all day.” *
p < 0.05 for difference between groups.

MOCK-Modified from Wane 2012.
Another innovative study of sitting at work was conducted using a sitting pad to measure
the time office employees spend sitting at their own desk, with inclinometer, accelerometer,
and diary data used to measure time spent sitting elsewhere and activity while at work (e.g.,
at lunch or in meetings away from the usual desk). This novel measure of occupational
sitting uses a chair-based pressure sensor to provide detailed information about patterns of
sitting time, including the total time spent sitting and the number of times that sitting at the
desk is interrupted and for how long (Ryde et al. 2012).
The results of this study provide insight into how full-time office workers spend their
time each day (asleep, at work, not at work) and how this time is divided among sitting,
light activity, and activity at or above moderate level (Brown et al. 2013; Ryde et al. 2014).
The 108 office workers (age 19-63 years) were, on average, out of bed for 16.3 hours per
day. Of this, 8.7 hours were spent at work, of which 5.8 hours (67%) were spent sitting at
the usual desk and another 0.4 hours were spent sitting elsewhere. As in the study of young
adult women, these workers also spent 3.6 hours of their 7.6 hours sitting while not at work.
On average, they spent 44 minutes per day in at least moderate-intensity PA, of which 17
minutes were during work hours. A summary of the data from this study is provided in
figure 19.2.

Figure 19.2 Average time spent per day sleeping, at work, and not at work.
Data from objective (sit pad, accelerometer, inclinometer, and diary) measures
of 105 Australian office workers. Dark = time asleep; medium gray = time at
work (hatched area = sitting, spheres = moderate- to-vigorous intensity
physical activity); pale gray = time not at work (hatched = sitting, spheres =
moderate-to-vigorous intensity physical activity). \QQ\Just a note here that
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we’ll update this caption once the art is ready from the artist, as we’ll
need to confirm the shading choices. (I expect that it will match up, but
we’ll want to check carefully at that next stage.) XQQ\

MOCK- Data from Brown et al. 2013 and Ryde et al. 2014.
Data from the sitting pad also show that on average, Australian government office
workers interrupt their desk-based sitting three times per hour or 29 times per day. Sitting
for more than 1 hour occurred rarely in this group. This is important because there is
accumulating evidence that the adverse health effects of too much sitting may depend not
only on total daily sitting time, but also on the pattern of interruptions to sitting time (see
chapter 3 for more detail). Although total desk-based sitting time may be high in office
workers, people in the same office may have different sitting patterns, which also vary from
day to day in individual employees, as shown in figure 19.3. For this person, over 4 days,
desk-based sitting time ranged from 5.2 to 6.5 hours per day and the number of
interruptions ranged from 45 to 97 per day. The figure shows few consistent patterns
throughout the week, except a distinct interruption in desk-based sitting at lunch time
(around 12-1 p.m.) every day (Ryde et al. 2014).

Figure 19.3 Desk-based sitting patterns of an office employee whose total
sitting time at work was 5.9 hours per day on average. Black areas are time
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spent sitting at the employee’s own desk, white areas are time away from the
desk, and dashed lines indicate when the employee started work each day.

MOCK- From Ryde et al. 2014.
The activPAL study of Scottish University employees also found that in an average
working day, 5.3 hours of sitting were accumulated in 27 different bouts. However,
notwithstanding the high number of interruptions, 25% to 67% of sitting time in that study
was accumulated in bouts longer than 20 minutes (Ryan et al. 2011). In contrast, a recent
study of occupational sitting and activity patterns in Swedish call center workers found that
employees sat for 4.4 hours per day and interrupted their sitting time approximately five
times per hour. Even in this occupational group, whose members are perceived to be
extremely sedentary, the average duration of each sitting bout was only 11.2 minutes and, in
this Scandinavian context, sitting for more than 60 minutes at a time was rare (Toomingas
et al. 2012).
Similarly, patterns of sitting are highly variable in non-office or blue-collar workers. In
this occupational group, U.S. NHANES data show very low sitting times in waiters and
waitresses, sales representatives, and teachers (Steeves et al. 2015). Data from Denmark
show that sitting times are lowest in garbage collectors and cleaners and highest in mobile
plant operators (Hallman et al. 2015).
Recent studies have also shown that sitting times are high in bus and truck drivers, but
that there is also considerable variability within these groups. For example, one study has
shown that bus drivers from a single regional bus depot in Queensland, Australia, sit for
only 44% of their working day. This is because the drivers work split shifts and were
supported to use a nearby gym during their breaks (Wong et al. 2014). In contrast, UK
researchers have reported that bus drivers sit for 85% of their working day (Varela-Mato et
al. 2015). Data from a sample of 44 Australian truck drivers show some of the longest
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occupational sitting times reported to date, with an average sitting time of 9.1 hours per day
(Gilson et al. 2015).
In conclusion, studies using a variety of different measures indicate that full-time
workers spend about one-third of their day at work. Between one-half and two-thirds of this
time (or more in the case of drivers) is spent sitting, depending on job roles, which vary by
occupation, sex, and age. Typical occupational sitting time in Australian office workers is
around 6 hours per day. This time may, however, be accumulated in many short bouts, with
patterns of interruption varying according to occupational roles. Long sitting hours are not
confined to office jobs. Even people who describe themselves as being on their feet all day
sit for long hours at work. Overall, there is consensus that more time is spent sitting at work
than for transport or leisure (Parry and Straker 2013), but there is conflicting evidence on
whether those who say they sit all day are less active in leisure time than their more active
working counterparts.

Health Effects of Occupational Sitting
One of the earliest references to the ill effects of sitting at work is in Bernadino
Ramazzini’s De Morbis Artificum Diatriba (Diseases of Workers), which was first
published in 1713 in the Italian city of Padua. In his book, Ramazzini, who is now known
as the father of occupational medicine, covers illnesses experienced by workers in every
imaginable profession of the time (for example miners, metalworkers, cleaners, bakers,
millers, brewers, farmers, cobblers, tailors, seamstresses, scribes, clerks, and even “learned
men”).
Ramazzini stated that “those who sit at their work, and are therefore called chair workers,
suffer from their own particular diseases.” He described the many symptoms and conditions
he observed among sedentary workers. These included damage to the vertebral ligaments
(especially among those whose heads were bent over their books), compression injuries o
the stomach, indigestion, obstruction of the viscera, checks on the flow of pancreatic juices
(speculated now to be diabetes), nephritis, lumbago, numbness of the legs, hindrance of
blood circulation, arthritis, lameness and sciatica (especially among tailors who sit “with
one leg back against the thigh”), and “unhealthy habit.” He observed that “women who do
needlework in their homes day and night. . . suffer from the itch, are a bad color, and in
poor condition.”
Ramazzini noted that those who sit, but at the same time exercise their arms and feet, like
potters and weavers, were less likely to develop symptoms, “as the impurities in their blood
were more easily dispersed.” Without exercise, he noted, the “blood becomes tainted, its
waste matter lodges in the skin, and the condition of the whole body deteriorates.”
Moving forward from Ramazzini’s 18th century treatise, the focus of several early
studies of occupational epidemiology, such as those conducted by Jeremy Morris in London
in the 1950s and 1960s, was on groups of employees who spent long hours sitting at work
(Paffenbarger et al. 2001). These studies, which were among the first to demonstrate the
health benefits of physical activity, also showed that those who sat for long periods of work,
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such as bus drivers and mail sorters, were more at risk of adverse cardiovascular risk factors
than their work group colleagues who did not sit, such as bus conductors and mail delivery
men.
Through the second half of the twentieth century, occupational epidemiology focused
largely on the effects of lack of physical activity at work. As interest in sedentary behavior
emerged, research started to focus on the health effects of too much sitting (see Brown et al.
2009). To date, most of this research has focused on outcomes associated with high levels
of total sitting time, because it is difficult to isolate the long-term effects of sitting in a
specific domain, such as between work versus television watching. It is clear, however, that
for most people a large proportion of daily sitting is accumulated while at work (Parry and
Straker, 2013). Relationships between occupational sitting time and health outcomes are
discussed in this section, beginning with a consideration of the effects of workplace sitting
on weight and weight gain. This is important, as weight gain underlies many of today’s
most common chronic health problems.

Occupational Sitting and Weight Gain
Several of the early Australian sitting studies described previously noted a relationship
between occupational sitting time and BMI. For example, the study of workers and mothers
with different patterns of paid work reported an association between sitting time and BMI
(those sitting for >7.4 hr/day were most likely to be overweight or obese) and reported that
full-time working men were twice as likely as either full- or part-time working women to be
overweight or obese (Brown, Miller, and Miller 2003). The study of full-time workers in
regional Queensland also found that occupational sitting time was associated with
overweight and obesity in men, but not in women. The odds of having a BMI > 25 were
almost twice as high in men who sat at work for >6 hours per day compared with those who
sat <45 minutes per day (after adjusting for age, occupation, and physical activity)
(Mummery et al. 2005). Gender differences in overweight and obesity by occupational
group are confirmed by secondary analyses of data from the 2005 Australian National
Health Survey (Allman-Farinelli et al. 2010). It is important to note, however, that these
cross-sectional studies do not tell us anything about the direction of the relationship
between sitting and weight. It is plausible that overweight and obese people may choose
more sedentary occupations, which may explain the findings of some of these early
observational studies.
Data from the Australian Longitudinal Study on Women’s Health (ALSWH) also shed
light on the relationships among sitting, weight, and weight gain. Although this work does
not focus specifically on occupational sitting, 80% of the women in the large ALSWH
cohorts of young and middle-aged women are employed, so at least some of their sitting
time is accrued through their work. Early prospective analyses of the ALSWH young cohort
(age 18-23 at baseline; N = 8,726) data found that women in the lowest tertile of sitting time
were least likely to gain weight over 4 years (Ball, Brown, and Crawford 2002). In middleaged women (age 45-55 at baseline, N = 8,071), those in the top quintile of sitting time
were more likely to gain weight over 5 years (Brown et al. 2005). Analysis of data from
these cohorts is complex because sitting time often reflects work status (full-time, part-
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time) and occupational roles, and it changes over time. In the middle-age cohort, each
additional hour of sitting time in 2001 was associated with 110 g (0.22 lbs) and 260 g (0.57
lbs) more weight in overweight (N = 2,712) and obese (N = 1,896) women, respectively.
Sitting time was also positively associated with weight change from 2001 to 2007, but only
in normal-weight women (N = 3,625) (van Uffelen, Watson, et al. 2010). As with the earlier
cross-sectional studies, these concurrent changes in weight and sitting time could also be
interpreted as showing that as women gain weight, they tend to choose work that involves
more sitting time.
The issue of whether long hours spent sitting at work cause weight gain is complex
because those who work long hours may spend less time in other energy-expending
activities, such as unpaid household tasks and leisure-time activities. Another analysis of
ALSWH data (N = 5,164) showed that young adult women who remain in stable full-time
work are more likely to gain weight than part-time workers and that if women move from
full-time to part-time work, they are significantly more likely to lose weight. This is one of
few papers to demonstrate that working fewer hours reduces the odds of weight gain, but
the authors did not consider sitting time in their analyses (Au and Hollingsworth 2011).
It is very difficult to disentangle the effects of sitting from those of other energy-related
variables in the weight gain literature. In their 2012 cross-sectional analysis of occupational
and leisure-time sitting and obesity in 10,785 adults, Chau and colleagues (2012) found that
workers with mostly sitting jobs were more likely to be active in leisure time than those
with standing, walking, or heavy labor jobs. Nonetheless, those in high-sitting jobs had
higher rates of overweight and obesity than those whose work involved mostly standing.
These researchers concluded that leisure-time sitting may be more strongly associated with
obesity than occupational sitting.

Occupational Sitting and Other Health Risk Outcomes
In 2010, a systematic review of the effects of self-reported sitting at work and health
outcomes assessed the findings of 43 studies with a variety of different designs (21% crosssectional, 14% case control, 65% prospective) (van Uffelen, Wong, et al. 2010). The
outcomes assessed were BMI (12 studies), cancer (17), cardiovascular disease (8), diabetes
(4) and mortality (6). In line with the evidence from studies of total sedentary time, sitting
time at work was shown to be positively associated with mortality. (Of six prospective
studies, four showed a positive association and one reported no relationship. One study
found that the more people sat, the lower the chance of death.) Studies of sitting and
diabetes were less convincing, although one of the earliest analyses estimated a 5% to 7%
increased risk of obesity and diabetes with each 2-hour increment in occupational sitting
time (Hu et al. 2003). There was a moderate association between occupational sitting and
diabetes in one cross-sectional and one additional prospective study, but another
prospective study found no associations. Three prospective studies and five cross-sectional
studies also showed a relationship between occupational sitting with CVD, while four
cross-sectional studies showed associations with cancer. The possibility of reverse causation
cannot be ruled out in these studies.
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The authors of this review noted that all the included studies used self-reported measures
of occupational sitting (van Uffelen, Wong, et al. 2010). They also observed that most of
the studies that assessed BMI as an outcome asked people to report how active they were at
work, rather than asking specifically about time spent sitting. Many studies asked about
sitting during a usual working day, which may have included leisure-time sitting that occurs
in the evening on a work day and not specifically sitting during work hours. Because of the
limitations of these types of questions and the heterogeneity of the study designs and
exposure measures, the researchers could not make definitive conclusions about the health
effects of sitting at work.
Since the publication of that systematic review in 2010, the evidence base has grown, but
studies are still plagued by the challenges of measuring occupational sitting and accounting
for numerous potential confounders, including what people do when they are not at work.
Several large cohort studies are now using more objective measures of occupational sitting,
but more years of data collection will be needed before the relationships between
occupational sitting and illness can be confirmed with objective data.
One of the earliest prospective studies to introduce objective measures is the AusDiab
study, which is tracking the development of diabetes in a large cohort of Australian adults.
Although the researchers have not specifically focused on occupational sitting, seminal
work from this study has shown that objectively measured total daily sedentary time in
working adults is detrimentally associated with cardiometabolic risk markers (see chapters
7, 8, and 9). Importantly, the AusDiab researchers have also shown that interruptions to
sedentary time (or breaks in sitting of >1 min) are beneficially associated with these risk
markers (Dunstan et al. 2012; Healy et al. 2008). Those who sit for long periods have worse
risk factor profiles than those with equivalent sitting time whose sitting time is regularly
interrupted.
Although relationships between occupational sitting and back pain have been the subject
of a great deal of research in the occupational health and rehabilitation fields, there is
currently some debate about whether sitting causes back pain. A 2007 review found that
sitting by itself does not cause back pain. However, when sitting is combined with wholebody vibration or awkward posture, the likelihood of back pain increases (Lis et al. 2007).
A more recent systematic review did not find high-quality studies that met the criteria for
causation in relationships between occupational sitting and lower back pain (Roffey et al.
2010). The evidence on sitting and back pain is presented in more detail in Chapter 11.
\qqBegin special element\

Workplace Activity and Presenteeism
In recent years, there has been emerging interest in relationships between workplace
activity patterns (both physical activity and sitting time) and productivity, absenteeism, and
presenteeism. Productivity is most easily assessed in manufacturing industries where the
main focus is on creation of merchandise, but to date very little research has examined the
relationships between sitting and productivity or between sitting and absenteeism. In
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contrast, presenteeism (defined as the extent to which physical or psychosocial conditions
adversely affect the work productivity of people who choose to remain at work even when
unwell; Chapman 2005) is gaining the attention of sedentary behavior researchers.
However, measurement of presenteeism is in its infancy, making the examination of
relationships between sitting time and presenteeism challenging.
A recent study examined detailed activity patterns at work and used scores on the Work
Limitations Questionnaire (WLQ) to indicate aspects of presenteeism. The researchers did
not demonstrate any relationship between occupational sitting time (measured with
accelerometers and diaries) and work limitations, but found that sedentary time before and
after work was associated with WLQ index scores (Brown et al. 2013). Difficulties with
time management contributed most to this relationship. One hypothesis is that spending
long periods of time sitting in transit to and from work may negatively affect perceived
limitations at work, which are also potentially enhanced through perceptions of lack of time
for unpaid caring and domestic responsibilities.
\qqEnd special element\

Changing Sitting at Work to Improve Health
Outcomes
With growing evidence on the health effects of too much sitting at work, there is
increasing interest in the efficacy and effectiveness of worksite interventions for reducing
occupational sitting time. A 2010 review of workplace sitting time interventions found only
six studies, but none of these had reducing sitting time as a primary aim. All the studies
used self-reported measures of sitting and only one specifically assessed occupational
sitting time. There was no evidence of success in reducing sitting time at work (Chau et al.
2010).
Details of additional studies and more in-depth consideration of the challenges of
changing sitting time at work are provided in Chapter 24 of this book. If the deleterious
effects of sitting in most workplaces are confirmed, there will be a need for more studies to
test the effectiveness of interventions to reduce sitting in different workplace settings. Some
studies are currently using computers to prompt standing every 30 minutes, but this does
not take into account the wide daily variation in individual sitting patterns. The sitting pad
has the potential to provide feedback to employees to interrupt their sitting time in real time
and to measure and prompt individualized sitting behavior change in office environments
(Ryde et al. 2012). More large-scale trials that aim to reduce and interrupt workplace sitting
time over long periods of time are now required.
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Summary
Occupations have changed remarkably in the last 100 years, and this change has been
accompanied by marked increases in sitting time at work. Although research in this area is
in its infancy, innovative measures of occupational sitting time are developing, leading to
better understanding of patterns of sitting and activity in workplaces. However, because of
the difficulties of isolating the effects of occupational sitting from those of sitting in other
domains, understanding the health effects of occupational sitting in the 21st century is a
relatively new area of research. Although many workers sit for long periods at work, the
patterns of interruptions to occupational sitting time are highly variable. Frequent
interruptions may mitigate some of the ailments of chair workers. It is also feasible that
physical activity in leisure time may offset the detrimental effects of sitting of work, except
in situations of extreme sitting where sitting time is both prolonged and uninterrupted.
From the evidence presented in this chapter, it is clear that there is a need for more
measurement studies with different occupational groups (not only office workers) in both
developing and developed countries. With rapid technological developments, new objective
measures are continually emerging that will help to clarify the variety of sitting patterns in
different occupational groups. More details about the durations of sitting bouts and
frequency and duration of interruptions to sitting time would help us to better understand
the relationships between patterns of occupational sitting time and health outcomes.
Clarification of the role of physical activity as a potential moderator of any health effects is
also required, especially as published evidence shows that an hour of physical activity each
day can attenuate, or even eliminate, the long term ill-effects of prolonged sitting (Ekelund
et al, 2016).
\qqBegin special element\

Key Concepts
• Occupational epidemiology: The study of the effects of workplace exposures on
patterns of diseases and injuries in the population.
• Occupational sedentary behavior: This is conceptualized in this chapter as sitting at
work.
• Occupational sitting time: The amount of time spent sitting while at work.
• Sitting pad: A cushion containing a pressure sensor and switch to determine when
someone is sitting, with capability of alerting people when it is time to interrupt their
sitting (see Ryde et al. 2012).
• Sitting patterns: The total time spent sitting, in association with the duration of bouts of
sitting and the number of interruptions or breaks in sitting time each day.
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• Although occupations have changed greatly over the last 100 years, with marked
increases in sitting at work, patterns of sitting vary enormously across occupations.
Sitting time at work is higher in men than in women, and increases with seniority.
• Although most research has been conducted with office and call center workers, other
occupational groups may be at increased risk, especially if they are more tied to their
seats because of the nature of their work (e.g., drivers) or workplace policies (e.g.,
production workers). Innovative measures are leading to better understanding of patterns
of sitting in a range of occupations.
• Growing epidemiological evidence confirms the ill effects of sitting at work, but these
may be different from the effects of transport and TV sitting, which may be
characterized by different sitting patterns.

Study Questions
1. How has the changing nature of work in the last 50 to 100 years affected sitting and
overall energy expenditure? Which occupational groups have experienced the largest
change over time? Which ones now sit most in developed and developing countries?
2. In Western developed countries, how much of the day is typically spent at work, and
approximately what proportion of this work time is spent sitting? By how much does
sitting time vary in people in “sitting all day” and “on their feet all day” jobs?
3. How do patterns of sitting time vary in different occupations? Approximately how
many times per day do office workers interrupt their sitting time?
4. If you were to design a study to measure occupational sitting time, which measure
would you use and why?
5. What health risk factors have been associated with sitting at work?
6. How do occupational status and sitting time influence weight gain?
7. How strong is the evidence for a prospective association between sitting and diabetes?
8. Why might the health effects of sitting at work be different from those of travelrelated and leisure-time sitting?
\qqEnd special element\
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Chapter 20
Sedentary Behavior of Older
Adults
Jorge A. Banda, PhD; Sandra J. Winter, PhD; and Abby C. King, PhD
\qqBegin special element\
The reader will gain an overview of the complex relationship between sedentary behavior
and older adult health and will encounter novel public health strategies aimed at reducing
sedentary behavior in this unique population. By the end of this chapter, the reader should
be able to do the following:
• Define sedentary behavior in older adults and its potential effects on health, function,
and well-being
• Describe a conceptual model of sedentary behavior in older adults
• Explain the putative drivers of sedentary behavior in older adults
• Identify the array of contexts in which older adults are sedentary
• Highlight potentially useful interventions aimed at decreasing sedentary activity in older
adults
\qqEnd special element\
A large body of epidemiological research has identified sedentary behavior (SB) as an
important determinant of health independent of physical activity (PA) (Thorp et al. 2011).
National surveillance data demonstrate that older adults (defined here as ≥60 years) are
disproportionately affected by SB, with the 2003-2004 National Health and Nutrition
Examination Survey (NHANES) data showing that older adults engage in greater amounts
of accelerometer-measured SB than any other age group (Matthews et al. 2008). Based on
2003-2006 NHANES data, adults aged 60 years and older engaged in 8.5 hours per day of
accelerometer-measured SB (Evenson, Buchner, and Morland 2012). Despite being a highrisk group for this health behavior, older adults are underrepresented in the current
literature; few studies have examined determinants of SB specific to older adults or tested
the efficacy of intervention efforts in this age group.
An ecological model of SB for adults has been proposed that has identified determinants
of SB, described contexts in which SB takes place, and proposed interventions for reducing
SB in adults (Owen et al. 2011). Although this model provides an important heuristic for
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the field, it is important to acknowledge that older adults face life transitions (e.g.,
retirement) and changes in physical and mental health that are typically not observed in
other populations. Current research suggests that older adults are driven toward SB in ways
that are different and unique from younger adults. The contexts in which older adults are
sedentary may also differ. It is therefore worthwhile to consider how models of SB might
best be adapted to the circumstances of the older adult population. Thus, we present a
conceptual model of SB specific to older adults in order to do the following:
1. Highlight putative factors surrounding older adults’ SB
2. Guide research examining determinants of SB and the development of interventions
for this population
Our conceptual model of SB for older adults (see figure 20.1) consists of three sections:
putative drivers of SB, possible contexts of SB, and potential outcomes of SB. Due to the
limited research available in older adults, support for our conceptual model is also derived
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from the adult SB literature, the adult PA literature, and our extensive experience working
with older adults in research and community settings.

Figure 20.1 Conceptual model of sedentary behavior in older adults.

Measuring Sedentary Behavior in Older Adults
A continuum of SB through PA that may have particular relevance for older adults is
presented in figure 20.2. Although physical inactivity and SB are often used
interchangeably, they have been increasingly acknowledged to be, in a number of respects,
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distinct behaviors. Physical inactivity often is defined as not meeting current national
guidelines for PA (U.S. Department of Health and Human Services 2008), and SB is often
defined as activity that results in low energy expenditure (≤1.5 METs) (Tremblay et al.
2010). Sedentary behavior can also differ from physical inactivity with regard to
measurement and intervention approaches as well as the physiological effects it places on
the body (Tremblay et al. 2010).

Figure 20.2 Continuum of sedentary behavior and physical activity.

Sleep presents some complexities related to SB. Tremblay and colleagues (2010) note
that sleep should not be considered SB, arguing that it is a separate behavior with different
physiological effects on the body. However, they argue that unintentional sleep (e.g.,
daytime napping) can be considered SB. The latter issue is of particular relevance for older
adults, who can engage in significant amounts of napping throughout the day (Foley et al.
2007).
Sedentary behavior can be characterized by the acronym SITT: sedentary behavior
frequency (e.g., number of bouts of a certain duration), interruptions (e.g., standing up
while viewing television), time (e.g., duration of television viewing), and type (e.g., reading
a book, using a computer) (Tremblay et al. 2010). These characteristics play an important
role both with respect to more clearly defining the relations between sedentary activity and
health outcomes, as well as in fashioning appropriate interventions, and should be
incorporated into measures of SB. For example, increased breaks in accelerometermeasured SB have been associated with improvements in cardiometabolic health
independent of total sedentary time and moderate- to vigorous-intensity PA in adults (Healy
et al. 2008). In addition, different types of sedentary activities can have different cognitive
effects in older adults; computer use, for example, has been associated with better cognitive
outcomes than television viewing (Kesse-Guyot et al. 2012).
Sedentary behavior occurs throughout the day in a variety of contexts (e.g., work, leisure,
and transport) and through a range of activities (e.g., viewing television, using a computer,
driving). As a result, measuring SB in a reliable, valid way is challenging, particularly
among older adults who may be affected to a greater degree by recall bias when selfreporting SB due to memory loss or declining cognitive function. Although accelerometers
are increasingly being used to objectively measure SB, currently there are limitations
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related to using accelerometers to characterize SBs in older adults. For example, a majority
of the accelerometer cut points used to determine the amount of time spent in different
activity intensities were developed on young, healthy populations, offering little
generalizability to older adults. This is important because research has shown that as adults
age and experience decreases in cardiorespiratory fitness, accelerometer cut points are
poorly correlated with effort and perceived exertion (Evenson, Buchner, and Morland
2012). In addition, accelerometers are currently unable to distinguish among lying,
reclining, sitting, or standing—behaviors that may be particularly important to differentiate
in older populations (Tremblay et al. 2010). Further research validating the use of
accelerometer cut points to determine SB in older adults is strongly warranted.
As reflected in figure 20.2, differentiating between various points along the continuum of
SBs and their relations with outcomes of interest may be particularly important for older
populations, who tend to spend a disproportionate amount of their day at the lower end of
this continuum. For example, it is unclear for older adults as well as other age groups
whether breaking up extended bouts of sedentary time by simply standing (as opposed to
moving to even a small degree) is sufficient to reduce the negative physiological effects of
SB. For older adults, it would also be important to differentiate between any accumulated
benefits of moving up this continuum—for example, by replacing daytime napping or lying
down with reclining or reclining with sitting.
Related to this issue is the importance of considering the relative versus absolute levels
of energy expenditure and other physiological processes of particular relevance to older
adults relative to other age groups. Given the substantial heterogeneity of the older adult
population in relation to fitness, function, and health, definitional and measurement issues
in this area become more challenging, and are worthy of specific attention.

Health and Functional Outcomes of Sedentary
Behavior
Potential outcomes linked with SB in older adults are presented in figure 20.1. Although
this is not an exhaustive list of outcomes, it is representative of different types of key health
outcomes in older adults (e.g., physical, cognitive).

Cardiovascular Disease and Type 2 Diabetes Risk Factors
The available literature indicates that objective and self-report measures of SB are
associated with risk factors for cardiovascular disease and type 2 diabetes in older adults. A
cross-sectional study of older adults (≥65 years) using the 2003-2006 NHANES data found
a significant positive association between accelerometer-measured SB and C-reactive
protein and plasma glucose (Gennuso et al. 2013). Similar results were observed in a crosssectional study of older adults (≥60 years) from a population-based sample in England,
where accelerometer-measured SB and total self-report leisure-time SB were significantly
positively associated with the prevalence of diabetes (Stamatakis et al. 2012). In addition, a
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cross-sectional study of older adults (≥60 years) from a population-based survey in
Australia found a significant positive association in men between overall self-reported
sitting time and trigylceride levels, HDL-cholesterol levels, and the presence of metabolic
syndrome, and a significant positive association in women between overall self-reported
sitting time and trigylceride levels and the presence of metabolic syndrome (Gardiner,
Healy, et al. 2011).

Physical Function and Mobility
The available literature indicates that increased SB is associated with reduced physical
function in older adults. A cross-sectional study of older adults (≥65 years) using
2003-2006 NHANES data found a significant positive association between accelerometermeasured SB and number of functional limitations (Gennuso et al. 2013). Similarly, a crosssectional study of older adults (≥65 years) from a population-based sample in Canada found
that less self-reported sedentary time was significantly associated with successful physical
aging (i.e., physical function) (Dogra and Stathokostas 2012). In addition, a study using
data from the Women’s Health Initiative found that older women (50-79 years at baseline)
who self-reported greater amounts of sedentary time were significantly more likely to report
lower physical function at follow-up (mean follow-up length = 12.3 years) (Seguin et al.
2012).

Sarcopenia
The literature has demonstrated that PA is important for the prevention of sarcopenia
(i.e., the degenerative loss of skeletal muscle mass, strength, and quality associated with
aging) among older adults (Wang and Bai 2012). Although limited, evidence exists that SB
may result in sarcopenia in older adults. An experimental study among 11 healthy older
adults (mean age = 67 years) found that 10 days of bed rest resulted in significant decreases
in leg strength and power (Kortebein et al. 2008). In addition, a recent cross-sectional study
among older adults (mean age = 79 years) found that accelerometer-measured SB was
significantly negatively associated with leg strength and muscle mechanical quality among
men (Chastin et al. 2012).

Falls Risk
The literature examining the effect of SB on falls suggests that there may be an important
link between the two that deserves further systematic investigation. For example, a metaanalysis of observational studies found that increased PA was significantly associated with a
reduction in falls in older adults, particulary falls with injuries (Thibaud et al. 2012). Since
falls are a major public health concern among older adults, examining the effect of SB on
the risk of falling is an important research priority.

Overweight and Obesity
The available literature demonstrates that SB is positively associated with body weight
and body composition in older adults. A cross-sectional study of older adults (≥65 years)
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using 2003-2006 NHANES data found significant positive associations between
accelerometer-measured SB and body weight, BMI, and waist circumference (Gennuso et
al. 2013). Similar significant results have been observed in population-based cross-sectional
studies of older adults in England (Stamatakis et al. 2012) and Australia (Gardiner, Healy, et
al. 2011).

Cognitive Function
The literature examining the effect of SB on cognitive function is limited. However,
results from the 2008 PA Guidelines Committee Report indicate that PA delays the
incidence of dementia and the onset of cognitive decline associated with aging (Physical
Activity Guidelines Advisory Committee 2008). A prospective study of older women
(70-81 years) using Nurses’ Health Study data found that higher levels of long-term PA
were significantly associated with higher levels of cognitive function and less cognitive
decline (Weuve et al. 2004). A cross-sectional study of older adults (50-85 years) in a
population-based study in China found a significant dose–response relationship between PA
and cognitive function (Xu et al. 2011). Similar results were found in a meta-analysis of
prospective studies, where older adults who engaged in low to moderate PA levels (35%
reduced risk) and high PA levels (38% reduced risk) were significantly protected against
cognitive impairment (PA was categorized as low, moderate, and high from PA volume and
intensity) (Sofi et al. 2011).
Thus, it is plausible that decreasing SB may be associated with more favorable cognitive
function outcomes as people age. Apropo to this supposition, a cross-sectional study of
older adults (mean age = 66 years) in a population-based study in France found that higher
television use was significantly associated with lower executive functioning (Kesse-Guyot
et al. 2012). However, this study demonstrated the differential effects of specific sedentary
activities on cognitive function, showing that increased computer use was significantly
associated with better verbal memory and executive functioning (Kesse-Guyot et al. 2012).
These results suggest that certain types of sedentary activities, particularly those involving
active cognitive engagement (e.g., crossword puzzles, computer use) or social engagement,
may benefit cognitive function. Because cognitive function is an important health outcome
in older adults, further research is recommended examining the effects of different types
and volumes of SB on cognitive function among older adults. It would also be worthwhile
to explore the different mechanisms through which SB can affect cognitive function and
decline.

Social Disengagement
Similar to cognitive function, it is likely that different types of SB can have different
effects on older adults’ levels of social disengagement. In a cross-sectional study of older
adults (≥65 years) representing a population-based Canadian sample, decreased selfreported sitting time was significantly associated with successful sociological aging (i.e., a
strong sense of belonging and low levels of loneliness) (Dogra and Stathokostas 2012). In
contrast to this finding, social engagement through primarily sedentary activities (e.g.,
bingo and other sedentary group activities) may have positive relations with health.
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A prospective study of older adults in the United States (baseline mean age = 79 years)
found that sedentary leisure activities such as playing board games and playing a musical
instrument (which often involve social engagment with others) were significantly
associated with a reduced risk of dementia (74% and 69% risk reduction, respectively) at
follow-up (median follow-up = 5 years) (Verghese et al. 2003). In addition, a prospective
study of older adults in Sweden (baseline mean age = 81 years) found that engaging in
social activities (e.g., attending the theatre, concerts, or art exhibits; playing cards or other
games; participating in social groups) was significantly associated with a reduced risk of
dementia at follow-up (mean follow-up = 6 years) (Wang et al. 2002). Because social
disengagement is an important area of study for older adults, we recommend that future
research examine the effect of sedentry behavior on social disengagement and whether
differental effects exist by type of sedentary behavior (e.g., viewing television, using a
computer for social networking purposes, participating in group-based sedentary
recreational activities).

Well-Being and Quality of Life
A recent literature review found that a high level of television viewing was associated
with lower psychologocial well-being in adults (Rhodes, Mark, and Temmel 2012). Results
from a prospective study of older adults in Spain (baseline mean age = 70 years) found that
decreased sitting time was associated with favorable changes in six components of healthrelated quality of life (i.e., physical functioning, physical role, bodily pain, vitality, social
functioning, and mental health) at follow-up (mean follow-up = 6 years) (Balboa-Castillo et
al. 2011). Similar results were found in a prospective study of Australian adults, where
increased SB was significantly associated with declines in physical and mental health–
related quality of life (Buckley et al. 2013).
\qqBegin special element\

Recommendations for Future Research
In addition to conducting additional research on the effects of SB on these health,
functioning, and well-being outcomes in older adults, we recommend that future researchers
do the following:
1. Examine whether relations between SB and health outcomes differ for self-reported
versus objective measures of SB
2. Examine the dose–response relationship between SB and these outcomes
3. Explore how different types of SB (e.g., viewing television, using a computer) are
associated with different outcomes
4. Investigate how demographic characteristics (e.g., age and gender) and other putative
drivers of SB affect the relations between SB and these different outcomes
\qqEnd special element\
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Putative Drivers of Sedentary Behavior
As shown in figure 20.1, a number of factors can affect prolonged SB in older adults.
Given that the ways in which older adults are influenced toward SB may differ from those
experienced by younger adults, the following sections highlight several potential drivers of
relevance to older populations.

Demographic Characteristics
Prevalence data among adults and older adults indicate that demographic characteristics
such as gender, race/ethnicity, and socioeconomic status have the potential to influence SB
among older adults (Evenson, Buchner, and Morland 2012; King et al. 2010). Although the
mechanisms through which demographic characteristics influence SB are not fully
understood, demographic characteristics may interact with or reflect more basic underlying
putative drivers influencing SB. For example, lower-income older adults have been found to
have higher levels of functional impairment relative to their more affluent peers, which may
drive more types of SB (Chen et al. 2012). Additional research to better understand the
mechanisms underlying the associations between demographic characteristics and SB
would benefit the field as a whole.

Built Environment
Although the evidence base in older adults is limited, research in younger adults indicates
that the built environment may have a strong influence on SB. A cross-sectional study of
adults (mean age = 45 years) from the Neighborhood Quality of Life Study found that lower
neighborhood walkability was significantly associated with more self-reported television
viewing and more driving time (i.e., sitting time) (Kozo et al. 2012). Particularly relevant to
older adults as they transition to retirement are results from a longitudinal study in Australia
(45% of the sample was 51-70 years of age at baseline), which found a significant
interaction between neighborhood walkability and work status on television viewing (Ding
et al. 2012). This study found that among adults not working (e.g., retired), living in a
highly walkable neighborhood was associated with 23% less television viewing at a 4-year
follow-up.
It is important to note that environmental characteristics other than objectively measured
neighborhood walkability can influence SB. Results from a nationally representative sample
of adults in the United States (mean age = 48.2 years) found that perceived aspects of
neighborhood environments were associated with high levels of television viewing,
including the presence of heavy traffic and crime, lack of neighborhood lighting,
unattractive scenery, and lack of other people walking in the neighborhood (King et al.
2010). These results are important because they suggest that negative perceptions of their
neighborhood may keep people in their homes, where sedentary activities are more likely.
Similar results were found in a cross-sectional study of African-American adults in Texas,
where concerns with litter, walking after dark, and lack of places to shop were associated
with more television viewing in women (Strong et al. 2013). Since a majority of the built
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environment and SB literature has been conducted with younger adults, we recommend
further research to examine how characteristics (both objectively measured and perceived)
such as neighborhood walkability and pedestrian-friendly elements (e.g., lighting, presence
and quality of sidewalks, pedestrian crossing aides) are associated with older adult SB.

Lack of Provider Advice
Health care providers can be an important source of PA advice for older adults (King and
Guralnik 2010). As a result, they can play an influential role in public health strategies for
promoting PA. Important objectives of Healthy People 2020 (U.S. Department of Health
and Human Services 2013) and the American College of Sports Medicine’s Exercise is
Medicine initiative (American College of Sports Medicine, 2013) are to increase the
proportion of health care provider visits that include counseling or education related to PA.
Discussing SB can be a natural extension of the health advice and education health
provider offices are currently providing; this is particularly true given the frequency of
older adult visits to their health providers. Data from the 2010 National Health Interview
Survey show that 42% of 65- to 74-year-olds, 33% of 75- to 84-year-olds, and 29% of
adults 85 years or older received recommendations related to exercise or PA from a
physician or other health care provider (Barnes and Schoenborn 2012). For older adults,
targeting SB may be easier than enacting PA regimens, and is therefore well worth
exploring.

Physical and Cognitive Function or Decline
Similar to the bidirectional relationships among health, function, and PA (King and
Guralnik 2010), we hypothesize that there is a bidirectional relationship between SB and
physical and cognitive function or decline in older adults. As discussed in this chapter, SB
is associated with functional impairments in older adults. However, due to the bidirectional
relationship between SB and function, it is likely that older adults with greater functional
limitations are more likely to be sedentary than older adults with fewer such limitations,
potentially creating a vicious downward cycle between function and SB. Both aspects of
this bidirectional relationship merit further study.

Social Isolation
The literature indicates that social isolation and loneliness are associated with decreased
PA in older adults (Hawkley, Thisted, and Cacioppo 2009; Shankar et al. 2011). Building on
this research, social isolation may be an important driver of SB. Results from a longitudinal,
nationally representative cohort of U.S. older adults (mean age = 71 years) provide support
for this hypothesis (Perissinotto, Stijacic Cenzer, and Covinsky 2012). In this study, lonely
older adults were significantly more likely to experience a decline in daily living activities,
develop difficulties with upper extremity tasks, experience a decline in mobility, and
experience difficulty climbing stairs. These decreases in physical function are important
because they can lead to increased SB. As a result, preventing social isolation in older
adults may be an important method of preventing functional limitations and SB. One
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approach to doing this is through interventions aimed at increasing social engagement
through volunteerism and other generative roles (King and Guralnik 2010).

Pain or Musculoskeletal Limitations
Little doubt exists that increased pain and musculoskeletal limitations in older adults can
influence SB. Support for this association comes from research demonstrating that pain is
associated with decreased PA and less healthful aging in older adults. Results from a
population-based cohort study of adults (25-65 years) in England found that, compared to
adults free of chronic widespread pain at baseline, adults with chronic pain engaged in
significantly less PA at a 32-month follow-up (McBeth et al. 2010). In addition, results
from a population-based cohort study of adults (≥50 years) in the United Kingdom found
that the onset of widespread musculoskeletal pain was significantly associated with a
decrease in healthy aging (i.e., an index of physical, biomedical, psychosocial, and social
factors) at a 6-year follow-up (Wilkie, Tajar, and McBeth 2013). It is a reasonable extension
to posit that increased pain and musculoskeletal limitations can likely result in increased SB
among older adults.

Family Expectations and Social Norms
A large segment of the older adult population experiences the demands of family roles
and expectations related to informal caregiving (often of spouses with infirmities) as well as
social norms that may strongly influence SB. Results from a trial in the United States from
the National Heart, Lung, and Blood Institute found that family caregivers (mean age = 50
years) of cardiac patients were significantly more likely to be less physically active than
non-caregivers (Aggarwal et al. 2009). Similarly, in a prospective cohort study of older
adults in the United States (mean age = 81 years) in which poorer self-rated health was
significantly associated with a decline in walking speed (i.e., an important predictor of
disability) among women, a greater involvement in family caregiving exacerbated the
decline in walking speed (Ashburner et al. 2011). Cultural factors are also associated with
reduced levels of PA among older adults, including a lack of culturally appropriate
programs and role models that promote PA, language barriers, and normative duties related
to the home and family (King and King 2010). Whether these factors are associated with
SB among older adults is relatively unknown, and should be explored in additional
research.

Possible Contexts of Sedentary Behavior
A variety of contexts can set the stage for prolonged SB that can impair health and
function. Several such contexts that are particularly germane to older adults are highlighted
in the following sections.
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Hospitalization
Hospitals can be a pernicious contextual driver of SB among older adults, since
hospitalization is a critical event in many older adults’ lives. Despite being ambulatory prior
to admission and the presence of health care provider orders to engage in out-of-bed
activities, older patients typically spend the majority of their hospitalization time being
sedentary (e.g., sitting or lying in a bed or chair) (Brown et al. 2009). These results are
important because research has shown that hospitalized older adults are typically discharged
with worsened levels of physical function, despite the successful treatment of the illness
that caused them to be hospitalized (Covinsky et al. 2003; Covinsky, Pierluissi, and
Johnston 2011).
As discussed earlier in this chapter, decreased physical function can be a strong influence
on SB in older adults. Unfortunately, hospitalization may result not only in immediate
sedentariness, but in longer-term SB as well. Based on these observations, it would be
worthwhile to examine the effect of hospitalization on subsequent SB among older adults,
in concert with intervention efforts to reduce SB in hospitals and on discharge. Because
increased PA is associated with a lower probability of a hospital stay as well as a reduced
number of days spent in the hospital (Sari 2010), promoting PA in conjunction with less SB
may be an effective method.

Living Arrangements
Although the literature exploring associations between senior living arrangements and
SB is limited, the available evidence indicates that living arrangements can have a large
effect on SB. Data from a longitudinal multilevel study among Australian adults (40-65
years) found that adults who were single and living alone spent more time sitting as part of
television viewing, computer use, and general leisure activities than adults who were single
and living with others or who were living with a significant other (Burton et al. 2012).
Similar results were found in a population-based study of Japanese older adults (65-74
years), where older adults living alone were more likely to engage in prolonged television
viewing (>2 hr/day) than older adults living with others (Kikuchi et al. 2013). Future
research is needed to determine the mechanism (e.g., social isolation, loneliness, the
physical layout of the living space, fewer opportunities to engage in more active pursuits)
through which living arrangements influence SB. Further research is also needed to
determine how other common living arrangements among older adults (e.g., congregate
housing, living in an extended family situation) affect SB.

Employment and Volunteerism
The literature indicates that despite having greater control over their time, retired adults
engage in more SB than working adults of similar age. Results from a nationally
representative sample of U.S. adults (≥20 years) found that 74.2% of retired adults viewed
television for more than 2 hours per day, compared to 69.6% of unemployed, 56.2% of parttime employed, and 51.1% of full-time employed adults (Bowman 2006). Similar results
were found in a separate population-based longitudinal study of U.S. adults (45-64 years):
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Adults who retired were more likely to increase their television viewing time relative to
adults who continued to work through a 6-year follow-up (Evenson et al. 2002).
Although research in this area is limited, results from intervention trials indicate that
volunteering can be an effective method for increasing PA among older adults (Fried et al.
2004). These results can be extended to SB, suggesting that volunteering could be used as a
method for not only increasing PA, but decreasing SB as well. Examining mechanisms
through which retirement results in increased SB, developing effective interventions for
decreasing SB and promoting PA as older adults transition into retirement, and examining
the potential of volunteering to decrease SB among retirees are important areas of future
research.

Recreational Pursuits
Current evidence indicates that older adults engage in a number of leisure-time sedentary
activities, including viewing television, sitting and socializing, engaging in hobbies, using a
computer, listening to music, reading, driving, and talking on the telephone (Clark et al.
2009; Lee and King 2003). This observation notwithstanding, prevalence data indicate that
older adults spend a preponderance of their time viewing television. Data from a nationally
representative sample of U.S. adults found that 66- to 75-year-olds spent more than 25% of
their day viewing television and adults aged 76 years and older spent more than 30% of
their day viewing television (Depp et al. 2010).
An interesting finding from the study by Depp and colleagues (2010) is that despite
engaging in three times more television viewing than younger adults, older adults (>65
years) enjoyed television less. Missing from much of this research is the anecdotally
reported multitasking that can accompany television viewing among older adults and other
populations. That is, older adults may be engaging in other types of tasks while the
television is on. In addition, little is known about the amount of time older adults spend in
different types of sedentary activities in addition to television viewing (e.g., reading,
socializing, using a computer), given that, to date, most surveillance systems and research
publications focus on children and younger adults.

Transportation
Although limited primarily to younger adults, the literature indicates that urban design
characteristics can have a large effect on the amount of time older adults spend traveling in
automobiles (i.e., sitting time). A cross-sectional study of adults (mean age = 45 years)
from the Neighborhood Quality of Life Study found that lower neighborhood walkability
was significantly associated with increased driving time (Kozo et al. 2012). Similar results
were found in the pooled analysis of adults (20-65 years) living in the United States,
Australia, and Belgium; higher levels of land use mix diversity, walking and cycling
facilities, traffic safety, and the absence of cul-de-sacs were significantly associated with
less time spent in motorized transport (Van Dyck et al. 2012).
Research has also shown that limited transportation options can be associated with
increased SB among older adults. Results from a population-based survey of Japanese older
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adults (65-74 years) found that nondriving status among women was significantly
associated with prolonged television viewing (>2 hr/day) (Kikuchi et al. 2013). The authors
hypothesized that the lack of convenient transportation options available to these older
adults hindered them from leaving their homes, resulting in increased sedentary activities
like television viewing. Additional research would be useful in this area.

Interventions Aimed at Reducing Sedentary
Behavior
The intervention literature among older adults is limited. We identified seven
interventions that targeted decreases in SB or increases in PA, but also examined changes in
SB as a secondary outcome. Of these seven interventions, five were pilot studies (De Greef
et al. 2010; Fitzsimons et al. 2013; Gardiner, Eakin, et al. 2011; Hawkes et al. 2009; Steeves
et al. 2012) and two used a single-arm pretest–posttest design (Gardiner, Eakin, et al. 2011;
Hawkes et al. 2009). One intervention tested the effects of stepping in place during
television commercials (Steeves et al. 2012), while the other interventions relied on
traditional approaches, including in-person and telephone-based behavioral intervention
strategies and the use of self-monitoring and feedback (De Greef et al. 2010; De Greef et al.
2011; Fitzsimons et al. 2013; Gardiner, Eakin, et al. 2011; Hawkes et al. 2009; Lee and
King 2003). Although these interventions make important contributions to the literature and
have had success in reducing SB as a primary or secondary outcome, comprehensive public
health approaches are needed to decrease SB among older adults on a population level.
The older adult SB literature has generally followed the prevailing problem-oriented
research paradigm (Robinson 2012), focusing primarily on the identification of
determinants and health outcomes of SB. Although this research has provided some useful
insights into older adult SB, we advocate for a more solution-oriented research approach,
which has greater potential to inform policy and practice decisions (Robinson 2012). The
following are suggestions for interventions that can be used to stimulate a solution-oriented
approach to designing, evaluating, and implementing interventions for older adults at the
individual, community, and population levels.

Use Health-Promoting Information Technology
The use of technology is pervasive in our society and is a promising pathway for
providing low-cost, convenient, individually tailored, and evidence-based health
interventions (Atienza et al. 2007). Older adults are increasingly using technology: 53% of
U.S. adults aged 65 years and older use the Internet or e-mail and 69% own a cell phone
(Zickuhr and Madden 2012). Previous research targeting PA promotion in older adults has
used automated telephone-linked computer (interactive voice response) systems (King et al.
2007), personal digital assistants (King et al. 2008), embodied conversational agents (King
et al. 2013), web-based platforms (Irvine et al. 2013), and smartphone applications (King et
al. 2012). These technologies can also be used to reduce SB.
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Promote Volunteerism
In 2009, approximately 9.1 million volunteers in the United States were aged 65 years
and older (U.S. Department of Health and Human Services 2011). Volunteering has been
associated with improvement in physical and mental health (U.S. Department of Health and
Human Services 2011). Experience Corps is a nonprofit organization that connects older
adults with school-aged children for the purposes of improving child academic outcomes.
This program has been successful in increasing not only the social and cognitive activities
of older adults, but also PA in older adults (Fried et al. 2004). This model could be
replicated in other settings (e.g., religious institutions, social service organizations,
hospitals, and civic and arts organizations) and focused more directly on reducing SB by
getting older adults out of their homes and engaged in more social and physical activities
throughout the day.

Enhance Interior Design
Universal design is a concept that simplifies the environment to promote functional
independence and safety for everyone regardless of age or disability. Design elements that
make it easier for older adults to see include increased visual contrast among floors, walls,
doorways, and furniture; more lighting, including natural lighting; and glare-reduction
strategies (Bowerman 2006). Design elements that improve walkability include corridors
that have continuous and graspable handrails, carpeted floors and seating, the presence of
an elevator, conveniently located activity spaces and restrooms, and the presence of
aesthetic features such as artwork, plants, and windows with views (Lu et al. 2011).

Develop Transportation Solutions
As discussed earlier in this chapter, older adults with limited transportation options may
be more likely to stay home and engage in SB activities. Options to increase transportation
for older adults include safe driving programs, volunteer driver programs, paratransit
services (e.g., wheelchair accessibility), door-to-door escort services, transportation voucher
programs (i.e., fare assistance programs), and travel training (National Center on Senior
Transportation, n.d.). An example of travel training is the Mobility Ambassadors program in
San Mateo County, California. This program is a peer-driven initiative that shows older
adults and people with disabilities how to use public transport through educational
presentations, group and one-on-one rider training, and organized group trips. In addition,
older adults partner with “mobility ambassadors” to learn how to use route maps and
schedules, plan which bus stops to use, where to transfer, and what and how to pay (Senior
Mobility Initiative 2013).

Improve Built Environments
Older adults living in low-walkability neighborhoods (including neighborhoods with high
traffic and crime, poor neighborhood lighting, unattractive scenery, litter, and few places to
shop) are more likely to engage in SB (e.g., watch television). Although organizations such
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as Smart Growth America (www.smartgrowthamerica.org) and Active Living Research
(www.activelivingresearch.org) advocate for environmental changes, older adults can also
play a role. Applications of a citizen scientist model have shown that older adults can be
important data gatherers about features of their environment that may hinder or facilitate
healthful active living. Using such data, older adults can be powerful advocates for change
in their communities (Buman et al. 2013).

Reduce Television Viewing
The strategies that are employed in children to reduce television viewing (e.g., parental
rules, electronic screen time controllers) cannot readily be translated for older adults.
However, many of the public health strategies discussed previously may result in reduced
television viewing among older adults. In addition, public awareness campaigns may be an
important population-level approach to reducing television viewing in this population
segment. Mass media campaigns specifically targeted at an older adult population that
provide compelling messages concerning the negative effects of excessive television
viewing for seniors may be useful. These campaigns should educate older adults on the
potential links between excessive sitting and decrements to health and functioning, provide
information about alternatives to television watching, reduce barriers to alternative
activities that are more socially and physically engaging, and recommend no more than 2
hours per day of television. Further research is needed to identify feasible and effective
strategies for accomplishing this.

Prevent Falls
Prevalence data demonstrate that one-third of adults aged 65 years and older fall each
year, and falls are the leading cause of injury and death in older adults (Centers for Disease
Control and Prevention 2012). In 2010, more than 2 million older adults were treated in
emergency departments for nonfatal fall-related injuries (Centers for Disease Control and
Prevention 2012). Fear of falling has been associated with the avoidance of PA in older
adults (Kempen et al. 2009). Interventions that can be used to reduce falls include regular
PA, review of medication side effects that may increase the likelihood of dizziness, regular
eye exams, and improvements in home safety (Centers for Disease Control and Prevention
2012). In addition, people who have fallen should be provided with effective treatment,
rehabilitation, and long-term support to reduce the likelihood of future falls, including
exercise programs that target balance, strength, and endurance (National Collaborating
Centre for Nursing and Supportive Care 2004).

Use Stealth Interventions
Stealth interventions include integrating health promotion efforts with social movements
that are highly motivating to different segments of the population (Robinson 2010). In these
interventions, people are motivated to change their health behaviors through the objectives
of the movement or cause, not for the purposes of improving health per se, with benefits to
health being seen as potential side effects (Robinson 2010). Environmental sustainability
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and climate change may be a powerful stealth intervention for older adults that encourages
older adults to engage in active transportation and municipalities to improve mass transit
systems and community walkability (Egger 2007; Robinson 2010). Social engagement is
another potential stealth intervention for reducing SB in older adults (King and Guralnik
2010), with programs such as Experience Corps (Fried et al. 2004) demonstrating that
volunteering can result in significant increases in PA in older adults.

Promote Education and Skills Building
At the individual level, the behavior-change concepts that have been applied to
promoting PA, such as goal setting, social support, self-efficacy, active problem solving
around barriers, and self-monitoring, can also be used to decrease SB in older adults. At the
population level, increased education regarding the substantial detrimental effects of SB in
all age groups, but particularly in older adults, is required. A useful framework for such a
population-level approach is to adapt the MPOWER concept initially developed by the
World Health Organization to reduce smoking for the reduction of SB (Wen and Wu 2012).
Strategies for reducing SB on a population level would include improving measurement and
surveillance of SB, providing opportunities for older adults to be physically active in safe
environments, conducting mass media campaigns that highlight the particular detriments of
SB for older adults, and encouraging health care providers to query their patients about SB
and make appropriate recommendations for decreasing SB.

Summary
Sedentary behavior in older adults is an important but understudied public health issue.
The evidence that does exist suggests that increased time in SB by older adults is associated
with a number of health-compromising conditions. This chapter describes how the
definition and measurement of SB in older adults may differ from other age groups. In
addition, it presents a conceptual model of SB for older adults that describes the putative
drivers, possible contexts, and potential outcomes of SB in older adults. Further research is
needed in the areas of measuring SB, studying the effects of SB characteristics (i.e.,
frequency, interruptions, time, and type) on health outcomes, and investigating interactions
between SB drivers and health outcomes. A solution-oriented research approach that targets
people within neighborhoods and communities is advocated.
\qqBegin special element\

Key Concepts
• Continuum of SB and PA: A continuum of movement that displays incremental
increases in energy expenditure from lying down to vigorous activity.
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• Putative drivers of SB: Factors that can affect prolonged SB in older adults. These
include demographic characteristics, built environment, lack of provider advice, family
expectations, social isolation, social norms, cognitive function or decline, physical
function, and pain or musculoskeletal limitations.
• Sarcopenia: The degenerative loss of skeletal muscle mass, strength, and quality
associated with aging.
• SITT: An acronym used to characterize SB, including SB frequency, interruptions, time,
and type.
• Sedentary behavior in older adults differs in important ways from sedentary behavior in
other age groups and warrants specific, focused attention.
• Older adults engage in more sedentary behavior than other age groups and are at greater
risk for poorer cognitive, social, and physical outcomes.
• A multifaceted solution-oriented approach to the design and implementation of
interventions for reducing sedentary behavior in older adults is needed.

Study Questions
1. Define physical inactivity and sedentary behavior.
2. Describe limitations of using accelerometry to measure activity in older adults.
3. Describe the continuum of sedentary behavior through physical activity.
4. Discuss how the sedentary behavior–physical activity continuum may be different in
older adults compared to younger adults.
5. Describe three putative drivers of sedentary behavior in older adults.
6. Describe three possible contexts of sedentary behavior in older adults.
7. Describe three potential outcomes of sedentary behavior in older adults.
8. Discuss why health care provider advice regarding reducing sedentary behavior may
be particularly useful in achieving behavior change in older adults.
9. Discuss key life transitions and changes in older age that may result in increased
sedentary behavior.
10. Describe stealth interventions that can be used to reduce sedentary behavior in older
adults.
\qqEnd special element\
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Chapter 21
Sedentary Behavior in Racial/
Ethnic Minority Groups
Melicia C. Whitt-Glover, PhD; and Tyrone G. Ceaser, PhD
\qqBegin special element\
The reader will gain an overview of definitions of sedentary behavior and physical
inactivity and the factors associated with and consequences of these behaviors. By the end
of this chapter, the reader should be able to do the following:
• Understand how the terms sedentary and physically inactive are defined in data sets
estimating sedentary behavior
• Understand the prevalence of sedentary behavior among racial/ethnic minorities in the
United States
• Identify at least three factors that are correlated with sedentary behavior among racial/
ethnic minorities in the United States
• Identify health-related consequences of sedentary behavior
• Identify strategies that have been used to reduce sedentary behavior in racial/ethnic
minority groups
• Understand potential future research questions that can lead to successful strategies for
decreasing sedentary behavior among racial and ethnic minorities
• Consider how previous strategies for influencing sedentary behavior could be improved
to be more effective
\qqEnd special element\
According to the 2014 American Community Survey, more than 318 million people live
in the United States (U.S. Census Bureau 2014). A large proportion of the U.S. population
is racial and ethnic minorities (~24%), including ~40 million Blacks and African Americans
(13%), ~17 million Asians (5%), ~2.6 million American Indian and Alaska Natives (1%),
just over 550,000 Native Hawaiians and other Pacific Islanders (<1%), and ~55 million
Hispanics and Latinos (17%).
Although racial and ethnic minorities make up only 24% of the U.S. population, they
share a disproportionate burden of chronic disease (National Center for Health Statistics
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2016). In 2014, 4 of the 10 leading causes of death among racial and ethnic minorities were
chronic diseases directly related to modifiable risk factors associated with lifestyle
behaviors (National Center for Health Statistics 2016). These chronic diseases were heart
disease, cancer (specifically colon and breast cancer), diabetes, and stroke. For each health
outcome and its related risk factors, morbidity and mortality rates were higher among racial
and ethnic minorities compared to non-Hispanic whites. The prolonged course of illness
and disability from disease and related risk factors, such as obesity and hypertension, result
in a decreased quality of life with much pain and suffering as well as enormous health care
costs among racial and ethnic minorities (National Center for Health Statistics 2016). Lack
of physical activity is a major contributor to the development of many chronic diseases that
disproportionately affect racial and ethnic minority populations in the United States, and
has been associated with a variety of social, biological, and environmental factors (U.S.
Department of Health and Human Services 1996; 2001). Despite major advances in public
health, medicine, economic prosperity, and wealth, health disparities have persisted during
the 20th century and have even increased for certain health indicators, such as diabetes.
Because physical activity is modifiable and a primary risk factor for many of the diseases
that are observed in higher proportions among racial and ethnic minority groups, focusing
on physical activity has been viewed as an important step toward reducing or eliminating
health disparities for certain health outcomes (U.S. Department of Health and Human
Services 1996; 2001).
Recent research has identified sedentary behavior, separate from low levels of physical
activity, as an independent risk factor for morbidity and mortality (Katzmarzyk et al. 2009;
Thorp et al. 2011). Although they are part of the same health-related continuum, physical
activity and sedentary behavior have distinct characteristics and so should be addressed as
separate concepts, particularly among underrepresented racial/ethnic minority groups. This
chapter provides statistics about the prevalence of sedentary behavior and factors and health
outcomes associated with sedentary behavior among racial/ethnic minority groups. The
chapter also provides suggestions for future research needs and directions for reducing
sedentary behavior in racial/ethnic minority groups.

Statistics
Three major national surveys—the Behavioral Risk Factor Surveillance System
(BRFSS), the National Health and Nutrition Examination Survey (NHANES), and the
National Health Interview Survey (NHIS)—provide population-level estimates of selfreported (BRFSS, NHANES, NHIS) and objectively monitored (NHANES) physical
activity participation among U.S. adults and children. Only NHANES provides information
specifically about sedentary behavior. The other national surveys provide the proportion of
respondents who report doing no physical activity or exercise (BRFSS) or report on the
proportion of respondents meeting physical activity recommendations (NHIS). Data from
the Centers for Disease Control and Prevention report that between 1988 and 2008, the
percentage of the U.S. population reporting no leisure-time physical activity on the BRFSS
dropped from 31% to 25% (CDC 2010a). In 2001, 34.7% of African Americans and 39.8%
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of Hispanics reported no leisure-time physical activity compared to 22.5% of whites (CDC
2010b). In 2008, 31.9% of African-Americans and 34.6% of Hispanics reported no leisuretime physical activity compared to 22.2% of whites (CDC 2010c).
With regard specifically to sedentary behavior, Matthews and colleagues (2008) used
NHANES objectively monitored physical activity data from 2003-2004 to describe
sedentary behavior in U.S. residents 6 years or older. NHANES used accelerometers to
assess physical activity, and sedentary behavior was defined as <100 counts per minute.
Children aged 6 to 11 years spent 5.9 to 6.1 hours per day in sedentary behavior and those
ages 12 to 15 spent 7.4 to 7.6 hours. Young non-Hispanic black girls were significantly less
sedentary than non-Hispanic whites and Mexican Americans. No other gender or racial/
ethnic differences in sedentary behavior were present in these age groups. Among 16- to
19-year-olds, the average time in sedentary behavior ranged from 7.6 to 8.2 hours per day.
Mexican Americans were significantly less sedentary than non-Hispanic whites overall, but
these differences did not persist when data were further stratified by gender. Whitt-Glover
and colleagues (2009) showed similar findings in a study focused on sedentary behavior
among children and adolescents, also using 2003-2004 NHANES data. Another large
national data set, the 2003 National Survey of Children’s Health, measured physical activity
participation and sedentary behavior in immigrants and showed that the prevalence of no
sports participation was 42% and the prevalence of television viewing ≥ 3 hours per day
was 17% (Singh et al. 2008).
Beginning at age 20, racial/ethnic differences in sedentary behavior become more
apparent. Mexican Americans reported less sedentary behavior than other racial/ethnic
subgroups across all ages, overall and when stratified by gender. On average, non-Hispanic
blacks spent a mean (standard error) of 7.61 (0.05) hours per day in sedentary behavior,
compared with 7.18 (0.05) hours per day in Mexican Americans and 7.74 (0.06) hours per
day in non-Hispanic whites. Mexican Americans were significantly less sedentary than nonHispanic whites and blacks. Non-Hispanic black males reported 7.54 (0.06) hours per day
in sedentary behavior, compared with 7.74 (0.08) in non-Hispanic whites and 6.89 (0.07) in
Mexican Americans. Again, Mexican American men were significantly less sedentary than
non-Hispanic black and white men. Trends were similar in women (7.74 [0.04], 7.67 [0.06],
and 7.47 [0.05] in non-Hispanic white, non-Hispanic black, and Mexican American women,
respectively), and Mexican American women were significantly less sedentary than the
other two subgroups. Data from NHANES 2003-2006 also showed that non-Hispanic black
adults aged 60 years and older spent an average of 516.7 (95% CI: 504.7–528.6) minutes
per day in sedentary behavior, compared with 507.6, 479.4, and 528.7 minutes per day in
non-Hispanic whites, Hispanics, and people in the “other” race/ethnicity category,
respectively (Evenson, Buchner, and Morland 2012).
Self-reported data from smaller regional samples provide similar estimates. A study of
elementary school–aged American Indian children and caregivers indicated 3.0 hours of
screen time daily in children and 2.4 hours daily in parents. A South Carolina study found
that preschool children spent an average of 32.8 ± 3.9 minutes per hour engaged in
sedentary behavior (Byun, Dowda, and Pate 2011). Estimated sedentary behavior among
adolescents from regional data sets is ~2 to 3 hours per day of television or video games
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(Babey, Hastert, and Wolstein 2013; Hanson and Chen 2007; Norman et al. 2005) and ~10
hours per week of computer use for non-school activities (Babey, Hastert, and Wolstein
2013). Participants in the multiethnic study of atherosclerosis reported spending 2,205
MET-minutes per week (46% of waking time) in sedentary behavior (Allison et al. 2012).
The Southern Community Cohort Study, which included 22,948 black and 7,830 white
women living in the southeastern United States, found that women engaged in sedentary
behavior for 8 to 10 hours per day (Buchowski et al. 2010). Shuval and colleagues (2013)
found that African Americans and Hispanics reported ~5 hours per day sitting, 2.3 hours
per day on the computer, and 2.5 hours per day in motor vehicles. A study of Hispanic
women estimated that women spent a mean (standard deviation) of 97.4 (110.0) minutes per
week sitting in a car, 415.4 (252.4) minutes sitting during the week, and 323.0 (228.3)
minutes sitting during the weekend, much lower than estimates reported by non-Hispanic
blacks and whites (Lee, Mama, and Adamus-Leach 2012). Hispanic women enrolled in the
Chicago Breast Health Project reported 1,478 minutes per week (~25 hours) of sitting.

Correlates of Sedentary Behavior
Studies describing the prevalence of sedentary behavior among children, adolescents, and
adults in the United States have also identified factors associated with increased or
decreased prevalence of sedentary behavior. Primarily, the correlates are associated with
demographic characteristics of participants; however, several studies have also identified
factors in the built environment that affect sedentary behavior.

Demographics
Although it is commonly accepted that racial/ethnic minority groups report higher rates
of sedentary behavior than non-Hispanic whites, the findings vary depending on the method
used to assess sedentary behavior (e.g., objective versus self-reported data) and the
population of comparison. For example, objectively monitored data from NHANES
2003-2004 indicated that 6- to 11-year-old non-Hispanic black girls engaged in more
sedentary behavior than non-Hispanic white girls and 12- to 15-year-old middle income
non-Hispanic blacks engaged in more sedentary behavior than non-Hispanic whites with the
same income (Whitt-Glover et al. 2009); no other racial/ethnic differences were identified.
Matthews and colleagues (2008) found that Mexican American adolescents were less
sedentary than whites and that Mexican American men aged 20 to 39 years were the least
sedentary of all racial/ethnic subgroups. In the same data set, non-Hispanic white men aged
40 to 59 were more sedentary than non-Hispanic black men in the same age group.
Smaller, regional self-reported data sets consistently report higher sedentary behavior in
racial/ethnic minorities compared to whites (Barr-Anderson and Sisson 2012; Hanson and
Chen 2007; Sidney et al. 1996). For example, Singh and colleagues compared sedentary
behavior, defined as lack of sports participation and television viewing, among U.S.-born
non-Hispanic white children and adolescents and U.S.-born parents with non-Hispanic
blacks and Hispanics with and without U.S.-born parents (Singh et al. 2008). Children and
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adolescents with at least one foreign-born parent were more likely to report no sports
participation than non-Hispanic whites with U.S.-born parents. However, children and
adolescents with two immigrant-born parents were less likely than non-Hispanic whites
with U.S.-born parents to watch ≥3 hours of television daily. Foreign-born Hispanics were
more likely than other groups to watch ≥3 hours of television daily. A California sample
found that American Indian and African American adolescents spent more time in
sedentary behavior than white, Latino, and Asian adolescents (Babey, Hastert, and Wolstein
2013).
Most data sets comparing physical activity participation in males and females indicate
that females are less active than males (Troiano et al. 2008; National Center for Health
Statistics 2013). Associations between gender and sedentary behavior are not as conclusive,
however. Some data from local and national surveys indicate that a higher proportion of
girls and women compared to boys and men report engaging in sedentary behavior across
all age groups (Adegoke and Oyeyemi 2011). Others report higher participation in
sedentary behaviors among boys and men compared to girls and women, particularly when
sedentary behavior is assessed as computer or video game usage (Barr-Anderson et al.
2011; Babey, Hastert, and Wolstein 2013; Evenson, Buchner, and Morland 2012).
Although not specifically focused on racial/ethnic minorities or sedentary behavior,
research on correlates of physical activity suggests that girls are less likely to engage in
physical activities like walking to school or participating in after-school activities away
from the home because parents do not feel safe letting girls travel alone (McDonald 2008).
This increases the likelihood that girls would choose more sedentary activities (e.g., being
driven to school; engaging in sedentary behavior at home) if they are not allowed to engage
in physically active pursuits. Depending on the types of physical activities in which
children are engaging, girls may feel physically incompetent or embarrassed and, thus, may
choose to sit out an activity or engage in sedentary behavior rather than participate in
physical activity and risk discomfort or embarrassment (Rees et al. 2006). As girls age into
adolescence and early adulthood, focus on personal appearance increases, and many young
women avoid physical activity to avoid sweating or disturbing their hairstyles (Boyington et
al. 2008). A focus group among adolescent African American girls indicated that girls
believed that weight gain was a natural part of progression that they should not attempt to
control, that African American girls preferred a larger body size, and that when the option is
given between physical activity and other choices, African American girls would choose to
do something else they enjoy (likely a sedentary behavior) over engaging in physical
activity (Boyington et al. 2008).
Among adults, women often report feeling guilty about engaging in physical activity
because of demands related to work and caregiving that take precedence over leisure-time
pursuits (Henderson and Ainsworth 2000a, 2000b, 2000c, 2001, 2003). The notion of
collectivism, which prioritizes the needs of the group over individuals within the group, is
ingrained in African, African American, and Latino cultures (Airhihenbuwa et al. 2000;
Airhihenbuwa 1995). Collectivism would suggest that until everyone in a group is taken
care of, people within the group should not engage in activities that would benefit only the
individual (e.g., leisure-time physical activity). Participation in work and caregiving can
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also leave women feeling exhausted, thus increasing sedentary behavior in the form of rest
(Chang et al. 2008; Miller et al. 2012; King et al. 2000). In addition, racial/ethnic minority
women often do not perceive that they have leisure time (Sanderson et al. 2003; Ainsworth
et al. 2003; Parra-Medina et al. 2011); thus, self-report studies that define sedentary
behavior by lack of participation in leisure-time physical activity may overestimate
sedentary behavior in racial/ethnic minority women because physical activities related to
daily living, transportation, or occupation are not considered. Certain demographic
characteristics (e.g., increasing age) or health conditions (e.g., pregnancy, chronic illness,
physical disability) may lead family members to demand that people engage in sedentary
behavior as a safety precaution (Stathi et al. 2012; Sander et al. 2012; Mathews et al. 2010;
Eyler et al. 1998; Evenson et al. 2009).
Age can also play a factor in engaging in sedentary behavior. NHANES provides the
most thorough estimates of sedentary behavior participation across a wide range of ages.
Data from NHANES 2003-2004 indicate that sedentary behavior increases from ~6 hours
per day at 6 to 11 years to ~8 hours per day at 16 to 19 years (Evenson, Buchner, and
Morland 2012). Most elementary schools provide some form of recess or physical
education; as children age, physical activity during the school day decreases and sedentary
behavior during the school day increases, since recess is not offered in middle and high
school and physical education requirements vary (Moore et al. 2010). A study of correlates
of physical activity among 11- to 16-year-old boys and girls in the UK indicated that as
girls aged, they saw physical activity as babyish and not part of becoming a woman, while
physical activity confirmed masculinity for young men (Rees et al. 2006). NHANES data
on adults ≥ 20 years showed a positive association between age and sedentary behavior—
that is, as age increases, sedentary behavior increases (Matthews et al. 2008). Sedentary
behavior continues to increase with age in older adulthood (to ~8 to 10 hours per day), with
higher sedentary behavior among those ≥80 years compared to those 60 to 79 years of age
(Evenson, Buchner, and Morland 2012).
A few studies have linked education, socioeconomic status, and employment to sedentary
behavior. In general, these studies have shown an inverse relationship between each factor
and sedentary behavior. Parental factors also affect sedentary behavior among children and
adolescents. For example, adolescents whose parents did not work in the previous year
reported more television viewing than adolescents with working parents (Babey, Hastert,
and Wolstein 2013). However, adolescents with two working parents watched more
television than adolescents with at least one parent at home. Adolescents with collegeeducated parents reported less television viewing than adolescents whose parents had less
education. Adolescents residing in low-income neighborhoods reported less computer use
than adolescents in high-income neighborhoods. Data from adults in the CARDIA study
identified inverse associations between education, income, and working full time and
sedentary behavior (Sidney et al. 1996). Further discussion about the influence of
education, socioeconomic status, and employment on sedentary behavior is included in the
following section on environmental barriers.
Body mass index (BMI), a ratio of weight to height, is positively correlated with
engagement in sedentary behavior (Adegoke and Oyeyemi 2011; Buchowski et al. 2010;
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Shuval et al. 2013). BMI z-score in preschool children was inversely associated with
objectively monitored sedentary behavior (Byun et al. 2011). People who have higher BMI
levels may choose sedentary behaviors over engaging in physical activity for a variety of
reasons, including the additional energy expenditure necessary for them to perform the
same activities as normal-weight people, lack of experience with physical activity, potential
embarrassment when engaging in physical activity, stigma associated with being
overweight, and potential pain (e.g., joints) associated with engaging in physical activity.
Parental BMI is also positively correlated with sedentary behavior in children and
adolescents, likely because of the direct association between BMI and sedentary behavior
among adults. Children and adolescents mimic parental behavior. If parents with high BMI
levels engage in more sedentary behavior, it stands to reason that their children will also
engage in sedentary behavior, regardless of the child’s BMI.

General Physical Activity
As expected, observational research suggests an inverse association between
participation in general physical activity and sedentary behavior (Hanson and Chen 2007).
Among preschool children, athletic coordination and presence of physical activity
equipment in the home were negatively correlated with sedentary behavior (Byun, Dowda,
and Pate 2011). Adolescents who reported no participation in physical activity had higher
levels of television viewing than those who spent at least 1 hour engaged in physical
activity daily (Babey, Hastert, and Wolstein 2013). Fewer days of physical activity were
also associated with more computer use among adolescents. Among adults, low levels of
physical activity were associated with high levels of television viewing (≥4 hr daily)
(Sidney et al. 1996).
Parental participation in sedentary behavior also affects sedentary behavior in children
and adolescents. In a study of American Indian children, parental television viewing time
was positively associated with children’s television viewing time (Barr-Anderson et al.
2011). Interestingly, in the same study, 23% of parents thought children spent too much
time watching television, 15% thought children spent too much time playing video games,
and 81% thought it would be easy to limit their child’s television viewing time. Parental
perception that the child spent too much time playing video games was positively
associated with screen time; the likely rationale for this association is that parents were
more likely to notice children who spent long periods of time playing video games.
Conversely, parental perception of how often they limit the child’s television time was
negatively associated with screen time—meaning parents who had higher perceptions of
limiting television time had children who watched less television. Among Hispanics,
perceived parental support for active lifestyle was associated with lower levels of sedentary
behavior; girls were less affected by parental support than boys (Cong et al. 2012).

Knowledge, Attitudes, and Beliefs
An additional correlate of sedentary behavior among African Americans could be related
to attitudes about the importance of rest and sleep relative to physical activity. A seminal
qualitative study by Airhihenbuwa and colleagues (1995) included 10 focus groups with 53
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African American participants about the importance of rest, sleep, and exercise. Findings
from the study indicated that participants in the sample placed more importance on rest than
exercise and felt that rest was necessary before engaging in exercise. This suggests that
people who increase physical activity participation might also increase sedentary behavior
to compensate for exercise and to prepare for additional physical activity. Participants also
indicated that jobs most readily available to African Americans were manual labor jobs that
required physical exertion, thus reducing the need for additional leisure-time physical
activity outside of work settings (Airhihenbuwa 1995). Focus group participants also
believed that exercise helped young African American men to obtain better physiques and
to be tough, which allowed them to survive in low-income areas or attract women; the fact
that physical activity was not noted as good or as a necessity in other subgroups suggests
more encouragement and acceptance of sedentary behavior in these subgroups (i.e., women,
older African American men). In fact, focus group participants argued that older African
American men earned the right to engage in sedentary behavior after a lifetime of physical
labor and that they had been forced to retire because of physical problems that would
promote sedentary behavior.
In general, most people understand the benefits of physical activity, but it is not clear that
they truly understand the dangers of sedentary behavior. In addition, because many parents
work or are otherwise occupied, they may not be aware of their children’s screen time and
sedentary behavior. Data on adolescents in California showed that children with both
parents working or those whose parents admitted not knowing how their children spent their
free time were more likely to report sedentary behavior than children who had at least one
parent at home or whose parents were aware of how the children spent their free time
(Babey, Hastert, and Wolstein 2013). Among African American girls, caregivers admitted
to being more concerned about the quality of television viewed by their daughters rather
than the quantity; also, they were generally unaware of the amount of television their
daughters watched (Gordon-Larsen et al. 2004). Caregivers also noted that television fills
an important role as safe and affordable child supervision, which is particularly critical in
neighborhoods with high crime and in households with limited disposable income that can
be used for childcare.

Built Environment
Environmental factors have been linked with physical activity participation and might
also influence sedentary behavior (Whitt-Glover, Bennett, and Sallis 2013; Casagrande et
al. 2009). Previous research has highlighted racial and ethnic disparities in access to parks
and recreation facilities (Wolch, Wilson, and Fehrenbach 2005; Powell, Slater, and
Chaloupka 2004; Gordon-Larsen et al. 2006; Moore et al. 2008). Concerns about poor
environmental quality (e.g., crime, poor maintenance, and aesthetics) might serve as
barriers to physical activity in low-income racial/ethnic minority communities and may
promote sedentary behavior as a safety precaution (Boslaugh et al. 2004). Park and
recreational facilities that lack safe or adequate equipment might promote sedentary
behavior, even among park users, if there is nothing to do in the park except to sit and relax.
Living in a neighborhood with adequate built environment resources may not necessarily
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equate to less time spent in sedentary behavior, however. A study of Hispanic and Latina
women found a positive association between attractiveness of a neighborhood for walking
and cycling and time spent in a motor vehicle—time spent in a motor vehicle increased as
attractiveness increased (Lee, Mama, and Adamus-Leach 2012). The surprising finding is
likely because participants in attractive neighborhoods lived in the suburbs, had longer
commute times, and thus spent more time in motor vehicles. The same study showed a
negative association between neighborhood attractiveness and time spent sitting on the
weekends, suggesting that women in the study engaged in more physical activity and less
sitting on weekends, presumably when they did not have to make long daily commutes.
Much of the research linking the environment to sedentary behavior has been focused on
general populations, and there is limited evidence about which factors in the environment
affect sedentary behavior in racial/ethnic minority groups specifically or whether
environmental factors that affect racial/ethnic minority groups are different from
environmental factors that influence other population subgroups. Generally, research
suggests that people living in older urban neighborhoods and neighborhoods with mixed
land use are more active than people living in suburban neighborhoods and neighborhoods
without walkable destinations (Trowbridge and McDonald 2008; Ewing et al. 2003;
Rosenberg et al. 2009; Grow et al. 2008). This association is likely because people who live
in the suburbs or neighborhoods without walkable destinations spend more time in
motorized vehicles for transportation. Additional research is needed to understand the effect
of the built environment on sedentary behavior in racial/ethnic minority subgroups.
\qqBegin special element\

Disparities in Health Outcomes
In a study of Latino and African American adolescents, people with metabolic syndrome
spent more time in sedentary behavior than those without metabolic syndrome (Hsu et al.
2011). The multiethnic study of atherosclerosis showed that every 1 standard deviation unit
increase in sedentary behavior was associated with an increase in leptin and tumor necrosis
factor, which are both markers of adiposity-associated inflammation (Allison et al. 2012). A
study of 95 Hispanic women in the Chicago Breast Health Project showed no association
between sedentary time and insulin, HOMA, or percentage of breast density (Wolin et al.
2007). Other studies on the effect of sedentary behavior on health outcomes have not been
specific to racial/ethnic minority populations. Stratified analyses are important for clearly
delineating the association and assisting with planning for effective interventions that can
be used to reduce screen time and, consequently, reduce disparities in health outcomes.
\qqEnd special element\
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Interventions for Reducing Sedentary Behavior
in Racial/Ethnic Minorities
Most interventions related to the continuum between sedentary behavior and physical
activity have focused on increasing physical activity levels; however, a few intervention
studies have focused solely on decreasing sedentary behavior or on decreasing sedentary
behavior while increasing physical activity. The majority of interventions designed to
reduce sedentary behavior have primarily focused on children and adolescents. Of those
reported, less than half of the studies included samples primarily consisting of African
Americans, Latinos, Native Americans, or other minority groups (Gortmaker et al. 1999;
Fitzgibbon et al. 2002; Fitzgibbon et al. 2005, 2006; Fitzgibbon et al. 2011; Robinson et al.
2003; Weintraub et al. 2008). On average, interventions lasted as little as 5 days to as long
as 2 years. Most studies used subjective measures of media use (e.g., time children spend
watching TV or videos, video game use, overall household TV use) reported by the parent
or guardian to assess sedentary behaviors. Few studies included objective measures of
sedentary behavior such as electronic TV monitors. Most interventions, full or pilot, used
randomized control trials, included parental involvement, and attempted to intervene on
multiple behaviors (e.g., diet modification, social support, and physical activity).
Additionally, these trials primarily occurred in school settings (mostly preschool and middle
school), either during the school day or immediately following the school day. Of those
trials occurring in school settings, teachers often served as the primary deliverer of the
intervention, especially in those interventions simultaneously targeting multiple schools.
The second most utilized intervention setting was the home.
Although several studies reported positive changes in reducing sedentary time (e.g.,
screen time, DVD use, TV viewing) among children and adolescents, these changes appear
to be minimal at best. Most studies, on average, showed significant reductions in screen
time ranging from 30 minutes to 150 minutes per day. However, no study was able to
reduce video game time in children or adolescents. Since the average child accumulates
approximately 7 to 8 hours of screen time per day, 30 minutes to 150 minutes per day
would represent approximately a 6.5% to 32% reduction in daily screen time. Whether this
is a clinically meaningful reduction in screen time is yet to be determined. Furthermore, it is
unknown how people use time previously allocated for screen time. Is the time replaced
with other sedentary pursuits, or do children use the time to engage in physical activity?
Limited evidence exists regarding the design, implementation, and effectiveness of
interventions to reduce sedentary behavior in adults. To date, most studies of adult
sedentary behavior are cross-sectional in nature. Even fewer have either focused on or
included a representative sample of minorities. Given the positive association between
increasing age and sedentary behavior, additional research on effective strategies for
reducing sedentary behavior in adults is warranted.
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Summary
Sedentary behavior is associated with myriad poor health outcomes, many of which
appear in higher rates in racial/ethnic minority subgroups. Interestingly, objectively
monitored physical activity data show lower levels of sedentary behavior among racial/
ethnic minority youth and adolescents compared with non-Hispanic white youth and
adolescents. Among adults, Mexican Americans report the lowest and non-Hispanic whites
report the highest levels of sedentary behavior. Factors that are associated with higher levels
of sedentary behavior include being female, caregiving responsibilities, increasing age,
having two working parents (adolescents), higher BMI, little or no physical activity
participation, parental participation in sedentary behavior (children), attitudes about the
importance of rest and sleep relative to physical activity, and limited access to recreational
facilities or safe places to exercise. Factors associated with lower levels of sedentary
behavior include higher socioeconomic status, employment, having at least one parent at
home (adolescents), having college-educated parents (adolescents), athletic coordination,
and the presence of physical activity equipment in the home. Little is known about the most
effective strategies for reducing sedentary behavior in racial/ethnic minority children and
adults. Strategies that incorporate physical activity into typically sedentary behaviors (e.g.,
walking meetings) show promise; however, additional research using randomized,
controlled trial designs is needed.
\qqBegin special element\

Key Concepts
• Correlates of sedentary behavior: Factors or variables that can make a person more or
less likely to engage in a sedentary behavior.
• Low physical activity: Refers to levels of physical activity that are below the national
guidelines for physical activity for healthy children and adults.
• Racial/ethnic minority: In the United States, racial/ethnic minority groups include
Black or African American, American Indian or Alaska Native, Hispanic or Latino,
Native Hawaiian and other Pacific Islander, Asian, and multiracial.

Study Questions
1. Why is it important to pay attention to sedentary behavior among racial/ethnic
minority subgroups?
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2. What do national data tell us about physical activity levels in racial/ethnic minority
groups compared to non-Hispanic whites? Do the data look the same when comparing
sedentary behavior in racial/ethnic minority groups compared to whites?
3. How does sedentary behavior affect health outcomes among racial/ethnic minority
subgroups?
4. Describe at least three correlates of sedentary behaviors and how each correlate might
work to increase or decrease sedentary behavior.
5. Describe at least one strategy that could be used to reduce sedentary behavior for each
of the correlates described previously.
\qqEnd special element\
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Part V
Changing Sedentary Behavior
For sedentary behavior and health, fundamental questions relate to the extent to which
sedentary behavior realistically can be changed and the options that may exist for doing so.
Thus, part V has six chapters covering conventional intervention methods based on
behavioral theories and psychological models, plus environmental, social, community,
worksite, and technology-based interventions.
In chapter 22, Kevin Moran and John Elder provide insightful perspectives on
psychological and behavior-based interventions. They describe the mainstream social
cognitive theories that have been used to develop behavioral-change interventions and
emphasize the importance of environment–behavior relationships, proposing an ecological
perspective to guide thinking about sedentary behavior change. The central theme and
emphasis of chapter 22 are further elaborated throughout chapter 23, where Jordan Carlson
and James Sallis deal specifically with environment and policy interventions for changing
sedentary behavior. This chapter emphasizes the importance of setting-specific approaches
and the creation of opportunities for sitting less through environmental innovations,
regulations, and policy. The initial chapters in part V remain strongly thematic in regard to
context and environmental influences on sedentary behavior. In chapter 24, Nicolaas Pronk
addresses worksite interventions for changing sedentary behavior. He shows how relatively
simple innovations such as the availability of low-cost sit-to-stand workstations can
significantly reduce sedentary time at work.
The latter three chapters of part V deal with interrelated but distinct aspects of sedentary
behavior change. In chapter 25, Adrian Bauman and Josephine Chau consider communitybased interventions for influencing sedentary behavior. This chapter provides a thorough
and informative perspective on what has been learned through community-wide approaches
to reducing sedentary behavior, including the role of physical activity. In Chapter 26, John
Shea and Kelly Baute present an ergonomic view of issues around redesigning sitting. They
provide an excellent reminder for the many of us who have found a way into the workplace
sitting field through an interest in physical activity, sedentary behavior, and health. Dealing
with sitting has been a traditional concern of the field of the ergonomics, particularly
occupational ergonomics.. This is an excellent tutorial chapter, engaging the reader with
ergonomic issues of particular relevance to fine-tuning approaches to sedentary behavior
change and drawing on lessons from a highly-relevant and well-established field of research
and practice.
Echoing some of themes that emerged in part III related to applications of new
information-technology capacities, chapter 27 deals with emerging communication systems
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for influencing physical inactivity. Dolores Albarracin and colleagues not only describe the
evidence and potential of new communication capacities (particularly as delivered through
the Internet, smartphones, tablets, and other devices), but also provide a strong,
theoretically informed perspective about how such technologies may be used for the
purposes of behavioral change.
This final section of the book contains novel and compelling material. That said, these
are yet early days for the field of sedentary behavior interventions. Much remains to be
developed and tested before strong evidence-based claims can be made about the potential
options for pursuing sedentary behavior change.
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Chapter 22
Psychological and BehaviorBased Interventions
Kevin Moran, MPH; and John P. Elder, PhD, MPH
\qqBegin special element\
The reader will gain an overview of the psychological, behavioral, and socioecological
theoretical frameworks that are relevant to understanding and influencing sedentary
behavior. By the end of this chapter, the reader should be able to do the following:
• Develop a broad perspective on ways to understand sedentary behavior from
behavioristic and ecological model perspectives
• Understand the main characteristics of psychosocial models of behavior and behavioral
change and their limitations in guiding public health approaches
• Identify the key constructs of the transtheoretical model of behavior change and their
potential applications for understanding and influencing sedentary behavior
• Understand the underlying philosophical perspective of operant conditioning,
contingency management, and positivistic models of behavioral change
• Identify key applications of operant conditioning and contingency management
constructs for practical sedentary-behavior change initiatives
• Identify the ways in which ecological models can provide integrative perspectives on
sedentary behavior change in different contexts
\qqEnd special element\
In the decades since health behavior change has replaced health education as the
dominant thrust in the behavioral science approach to public health, a variety of
psychosocial models have come to dominate the theoretical constructs in health behavior.
More recently the implied individual focus of psychosocial models has been deemed
inadequate to inform the development of wide-scale behavior change. Over the years,
models and theories have increasingly emphasized the need to intervene beyond the
individual level, with applications to group, organizational, community, and even national
levels and programs.
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Ecological and socioecological models of health behavior change extend beyond direct
change of knowledge, attitudes, and behavior to indirect strategies through policy,
technology, and other interventions. Multilevel models have long been widely accepted in
areas such as tobacco control and the prevention and control of infectious diseases, both in
developing and developed countries. The development of these models and theories may be
largely grouped as socioecological models, lending themselves to better understanding,
measurement, and change strategies for behavior. However, any psychological model still
implicitly emphasizes human cognitive and behavioral functions, at least at the individual
level. Behavior change researchers and program developers have yet to agree on a common
theoretical structure for addressing a wide range of health behaviors and targeting
populations in various public health programs.
Sitting is pervasive in so many aspects of daily life that it is easily ignored. By contrast,
smoking and tobacco use are relatively very easy to measure. People remember whether
they had a cigarette yesterday and can easily ascertain how many they smoke on a typical
day. Bioassays can confirm the validity of this self-report. With respect to broader
socioecological levels, clean indoor air, sales to minors, and regional and national levels of
tobacco sales are relatively easy to measure. The measurement of sedentary behavior,
however, is still at an early stage of its development. Although there are no healthy levels of
cigarette smoking, the cutoff points for the amount of sedentary time that is deleterious to
health remain to be established. Because much of sedentary behavior is such an integral part
of daily life in multiple settings, it is largely invisible.
Sedentary behavior presents a specific challenge to the development and application of
psychosocial and socioecological models. It is often viewed as the converse of physical
activity. Research has identified sedentary behavior as a distinct risk for various diseases
and illness conditions. Thus, it is important to understand sedentary behavior from both
measurement and intervention perspectives.
However, from a simple postural perspective, sedentary behavior is not really a behavior.
The criterion for operationalization in years past that would apply to sedentary behavior
was “Can a dead person do it?” In other words, if a person or object without life can be said
to do the same things that someone who is alive can (e.g., be sedentary), this is not good
operationalization. Therefore, when specifying sedentary behavior, we must identify a
positivistic definition of the cluster of the construct of sedentary behavior or the cluster of
behaviors that contribute to being sedentary. Moreover, a certain level of sedentariness is
healthy. The body needs rest, for example. One must distinguish healthy levels of resting
and recovery from unhealthy levels of sitting while watching TV in terms of targeting
sedentary behaviors. This has important implications not only for measurement and
intervention but also for the theories and models that frame them.
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Theories of Reasoned Action and Planned
Behavior
The theory of reasoned action (TRA) aims to explain the roles of attitudes and intentions
in predicting behaviors. Whereas attitude theorists prior to the TRA focused on attitudes
toward an object of interest (say, being overweight), the TRA’s foundational research
explored attitudes with respect to the object (say, prevention of overweight through physical
activity). Fishbein (1967) showed that attitudes about a preventive health behavior were
more predictive of that behavior than attitudes about the condition itself. These attitudes are
driven by expectations or beliefs about the behavior, whether positive or negative, high or
low cost. The theory of planned behavior (TPB) was later proposed to account for situations
in which a person is not in complete control of a behavior’s occurrence, proposing the
notion of control as a separate predictive variable (Fishbein and Ajzen 1975).
The TRA proposes the following constructs:
• Attitude . This consists of a person’s beliefs about the consequences that will follow
from a behavior (behavioral beliefs), along with subjective valuations of those
consequences. As mentioned previously, attitudes here are specific to the behavior,
rather than to the condition or disease the behavior is intended to mitigate.
• Subjective norms . Considered an ancillary predictor of behavior, subjective norms
consist of two constructs: normative beliefs and motivation to comply. The TRA posits
that a person will consider the opinions of peers and other esteemed people with regard
to whether they approve or disapprove of a behavior. Termed normative beliefs, this
notion is theorized to affect behavior only if a person has a strong motivation to comply
with the expectations of these referent individuals.
• Intention. One of the TRA’s primary assumptions is that intention to perform a behavior
is the primary determinant of its occurrence. According to the TRA, attitude and
subjective norms both influence the intention to perform a behavior.
The TPB considers another construct predictive of behavioral intention:
• Perceived control. TRA is largely dependent on a behavior being under conscious
individual control, but begins to fail when the degree of people’s control over their
behavior diminishes. Perceived control is determined by the presence of hindering or
enabling factors (control beliefs) and the perceived power those factors maintain. Factors
that maintain little perceived power will not largely influence perceived control.
The TRA and TPB are well supported in the literature; however, researchers comparing
TRA and TPB in physical activity interventions have noted that TPB better predicts
behavioral intention (Hagger, Chatzisarantis, and Biddle 2002). Physical activity studies
intervening on the attitudes of preventive behaviors as well as subjective norms have been
found to positively influence behavioral intent (Hagger, Chatzisarantis, and Biddle 2002);
the challenge, however, is to link such intent prospectively to actions.
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Social Cognitive Theory
Social cognitive theory (SCT; called social learning theory in its earlier incarnations)
explains human behavior as the interplay among individual, social, and environmental
variables, while recognizing the individual’s ability to create environments that are
conducive to productive behaviors. Initially closely aligned with operant psychology
(Bandura 1969), SCT gained popularity among health behavior researchers as it pivoted
toward a more cognitive basis. Central to this theory is the concept of self-efficacy, which
refers to the confidence a person has in being able to carry out a skill or behavior (Bandura
1977, 1986). SCT posits that, regardless of skill level, increasing levels of self-efficacy lead
to a greater likelihood of engaging in a specific behavior. Self-efficacy also extends to
people’s beliefs about their ability to alter their behavior and influence the events that affect
their lives. People with an efficacious attitude, for example, are more likely to incorporate
more leisure-time physical activity than to have a high level of fitness. Self-efficacy is the
most widely cited construct of SCT, and has been incorporated into several other models of
health behavior (discussed in the following sections).
SCT proposes outcome expectations as another critical psychological determinant of
behavior. Defined as the belief about the likelihood of positive reinforcement as a
consequence of action, outcome expectations are founded on the idea that people desire to
maximize benefits and minimize costs. An extension of this is the concept of social
outcome expectations, which are beliefs about how others will evaluate our behavior. This
social consideration is analogous to social norms, as posited by the theories of reasoned
action and planned behavior.
SCT theorizes that both individual and social outcomes govern behavior, but that selfevaluative outcomes can be more powerful. This might explain how people can act
differently from the sedentary behavior of their friends or family to meet their own
standards of action.
SCT also suggests that people learn vicariously through observation and reinforcement of
peer, family, or media models. Evidence consistently shows that peer models that are
similar to the observer are likely to affect behavior (Schunk 1987). This is seen most
fundamentally with children learning from their siblings and parents or through popular role
models. In an effort to alter the individual and social outcome expectations of behavior
change, physical activity interventions have championed the peer-leader model to promote
active lifestyles .
SCT has been widely used in health behavior change efforts, especially with regard to
peer-led interventions and health promotion campaigns through electronic, print, and social
media. SCT-derived variables have also been used to help explain physical activity in youth
(Sallis, Prochaska, and Taylor 2000).
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Health Belief Model
Traditionally, health education was aligned with the health belief model (HBM), which
still has important parallels in popular theories in the field (such as the notion of outcome
expectations in social cognitive theory). Thus, health education largely embodied an
approach of knowledge, attitudes, and behavior (KAB) to improving public health. The
KAB assumption is that either on an individual level or through mass communication,
changing knowledge (and in many cases, corresponding attitudes), if done properly, would
result in risk factor reduction and other forms of behavior change. By accessing the correct
facts and feelings through introspection, the logical person would arrive at a healthy choice.
The HBM seeks to explain why people take action in preventing, screening, or
controlling illness (Hochbaum 1958). It theorizes that people perceive a level of threat
regarding a particular disease. In order to take action to mitigate this threat, however,
people must believe that these actions will have an advantageous outcome and will come at
an acceptable cost (Hochbaum 1958). The HBM core constructs are as follows:
• Perceived threat. This construct represents a person’s feelings regarding how hazardous
a condition or disease is. It is comprised of two factors: perceived susceptibility and
perceived severity. Perceived susceptibility represents a person’s ideation regarding the
likelihood of getting a condition, while perceived severity represents the seriousness
(medically, such as risk of death, and socially, such as stigmatization) associated with
that disease.
• Perceived benefits. These are the attitudes about how much there is to gain by engaging
in a particular preventive action. Included here may be health-related benefits like better
physical functioning, as well as non-health-related gains such as a decrease in medical
bills.
• Perceived barriers. These represent feelings associated with the potential negative
aspects of a particular health behavior. These deterrents to action are weighed against
perceived benefits, in effect conducting a cost–benefit analysis of the targeted preventive
health action.
The HBM posits several other concepts considered integral in the process of preventive
action. The first is the notion of cues to action, which are thought to be prompts that trigger
action such as environmental factors or biological events (Hochbaum 1958). A lack of
empirical evidence exists for this construct, however, since cues are difficult to define and
measure. Second, the notion of self-efficacy (Bandura 1997) was later added to the HBM to
account for whether people feel they have sufficient competence to overcome the perceived
barriers of an action (Rosenstock, Strecher, and Becker 1988).
Core to the assumptions underlying the HBM is people’s logical and reasonable thinking
with regard to their health behaviors and susceptibility to disease. In contrast to the
behavioral explanations posited by Watson and Skinner (Watson 1925; Skinner 1938), the
HBM grew from the cognitive theory perspective that subjective valuations of behavioral
outcomes drive action (Tolman 1932; Lewin 1939). Critical to this model are the roles of
reasoning, hypothesizing, and anticipating behavioral outcomes. More specifically, it is
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assumed that people (a) value illness avoidance or being healthy and (b) expect certain
actions to prevent or remedy illnesses.
The HBM has been largely tied with health behavior studies that emphasize health
education. The KAB approach stems from the same cognitive theory as HBM. KAB is
founded on the principle that changing someone’s knowledge will change their
corresponding attitudes as well, which will be reflected in their behavior. Take, for example,
sedentary behavior intervention in a workplace. The aims may be raising awareness about
the risks of prolonged sedentary time (threat) as well as the benefits of mitigating actions
(benefits). Simultaneously, practitioners may seek to enable action by encouraging and
promoting frequent standing or walking breaks (perceived barriers).

Transtheoretical Model
The transtheoretical model (TTM) is an integration of behavior modification processes
across stages of change. The fundamental concept here is the notion that behavior change
occurs in stages. The foundation of this concept arose from studying smokers’ intention (or
lack thereof) to quit. DiClemente and colleagues (1982) identified 10 processes of change
that were tied to smoking cessation. More telling, though, was that smokers employed
various processes at different times throughout their struggle to quit. This reflected a vital
shift in the conceptual framework of behavior change—one that now considered change as
a chronological, rather than discrete, process.
TTM outlines six stages of change:
1. Precontemplation is the earliest stage, in which people do not intend to change within
the next 6 months.
2. Contemplation identifies people who intend to change within the next 6 months.
3. Preparation is achieved when a person is planning to change soon, likely within the
next month.
4. Action is reserved for people who have made a change in their lifestyle within the last
6 months.
5. Maintenance is reached when a person has made a significant modification in
lifestyle longer than 6 months and is working to avoid relapse.
6. Termination is the stage that represents complete transition to a new behavior, where
the risk of relapse is operationally zero.
The processes of change outlined by TTM are understood to be the method by which
people move through the stages of change. These processes include concepts from various
psychological approaches (hence, transtheoretical). Most notable are the notions of
contingency management, stimulus control, and counterconditioning from the Skinnerian
tradition of operant psychology (Skinner 1972). Other processes include helping
relationships, as outlined by Carl Rogers (1951), as well as raising consciousness from the
Freudian tradition (Freud 1969).
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Also of note regarding the TTM is the application of three supplemental constructs of
health behavior theory. The first is the notion of decisional balance, by which people weigh
the pros and cons of a particular change. The second is Bandura’s self-efficacy theory
(1982). Although not strictly a method for change, this construct is the valuation by which
the ability to begin or maintain a change is measured. Finally, temptation is generally
referred to as the reverse of self-efficacy, or the urge to relapse in a difficult situation.
The TTM has gained considerable popularity in physical activity behavior interventions
as well as interventions targeting multiple risk factors (Prochaska et al. 2008). The strength
of the model is its ability to guide a tailored intervention approach. People can be placed
into stages with a simple questionnaire, which helps researchers target processes of change
most commonly associated with a given stage. TTM-tailored communication interventions
have been shown to be effective in worksite settings (Prochaska et al. 2008), which is
encouraging for sedentary behavior research because sedentary behavior is highly prevalent
in the workplace (Matthews et al. 2012). TTM interventions guiding people from
contemplation to action (even modest action) have relevance for substantial health effects.
In fact, evidence has shown that interrupting sedentary behavior with light-activity breaks
as short as 2 minutes will reduce glucose levels (Dunstan et al. 2012).
Although it is widely applied across behaviors and settings, the TTM does have
limitations. Most notable of these is its application to primary prevention of detrimental
health behaviors. TTM-guided interventions aimed at prevention of substance abuse have
had limited success (Hollis et al. 2005). Although prevention trials have proven difficult
regardless of theoretical framework, the tenets of the TTM do suggest that its application is
best suited to those who already engage unhealthy behaviors and therefore can be placed in
either precontemplation or contemplation. Additionally, health behavior change studies
using the TTM have at times shown no stage change in spite of behavior change, perhaps
because the people involved in the interventions were already in contemplation or action as
a function of being in the program in the first place.

Positivistic Models
The branch of the philosophy of science known as positivism (associated with the
thinking of philosophers Mach, Wittgenstein, and Russell) asserts that only phenomena that
can be directly and reliably assessed through observation (i.e., seeing and hearing; for
sedentary behavior research, behaviors and their effects) are of interest to scientific inquiry
(Russell 1950; Wittgenstein 1922). Positivists do not deny the existence of cognitive
processes, but question the extent to which they are relevant, given that they are unique
experiences to the person who is thinking or feeling them. Thus, positivists challenge the
validity of measuring constructs such as decisional balance, self-efficacy, and outcome
expectations.
Among health behavior theories, those most aligned with positivism generally fall under
the rubric of learning theories, specifically, operant psychology. The terms operant
psychology, instrumental or operant conditioning, behavior modification, behaviorism,
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contingency management, and other expressions have been used interchangeably by some
while taking on different connotations by others. In this chapter, we are referring to the
collective expression of these concepts with its modern heritage in the work of B.F.
Skinner’s operant conditioning. Over the past 125 years, a theory of learning emerged that
emphasized the relationship between behavior and environment. One of the early pioneers
of this learning theory was E.L. Thorndike (1911) who established the law of effect,
emphasizing that behavior was most likely to recur if it was followed by a reward and less
likely to do so if followed by some sort of aversive consequence. Soon after, John Watson
(1913) became one of the first to use the term behaviorism. Watson’s behaviorism deviated
from the field of psychology in general in that it was fully based in positivism. Behaviorism
has different roots than do other cognitively oriented psychosocial theories. Watson held
that with respect to environment–behavior relationships, both humans and lower animals
were governed by similar response–consequence relationships.
In 1938, B.F. Skinner expanded on Watson’s behaviorism to develop a refined form of
learning theory that he labeled operant conditioning. Specifically, Skinner invoked the
Darwinian tradition in defining distinctions between primary and secondary reinforcers.
Primary reinforcers are those thought to contribute to natural selection and survival, such as
sex, food, and, naturally, rest. Secondary reinforcers are other objects that might be
considered neutral in and of themselves (e.g., paper money or coinage, which have no
inherent or intrinsic survival value). However, since they are paired with primary
reinforcers, secondary reinforcers take on their own reinforcing value.
Thus, of all socioecological models, operant theory is simultaneously most closely
connected to true ecological models that derive from biology and relevant to physical
activity and sedentary behavior. Behavior–consequence relationships are easily
demonstrated across animal species. For example, a male bird will select a habitat and
define its boundaries based on three interrelated parameters: the amount of energy needed
to define the habitat (e.g., the amount of flight needed to monitor its borders), the
opportunity costs associated with selection or expansion (e.g., potential loss of a mate or
nest), and the potential for injury (or death) from exposure to competition, predators, and
the elements (e.g., Stamps, Krishnan, and Reid 2005). Thus, the bird’s decision to become
less active may be every bit as logical as the converse.
Skinner described contingencies that govern behavior, specifically behavior–consequence
relationships. He emphasized that reasons for behavior change could not be inferred by
making guesses about a person’s cognitive processes but instead must be observed through
contingent behavior–environment relationships. Among his many contributions to the
theory of behavior was his notion of negative reinforcement, which is often misused in
health behavior circles. Specifically, negative reinforcement is the strengthening of
behavior through the offset of an aversive condition contingent on the behavior. It should
not be confused with punishment, which involves a decline in response rate as a function of
a specific type of consequence.
The application of operant conditioning for understanding various types of sedentary
behavior presents a special but very important challenge. Specifically, a person may engage
in screen time, television watching, and other forms of sedentary activity to escape an
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unpleasant situation. This is distinct from punishment; for example, the person may have
found a form of physical activity to be unpleasant and thus uses sedentary behavior as a
fallback response pattern. Clearly, far more needs to be known about the antecedent
behavior–consequence relationships that govern sedentary behavior.
Within the operant framework, what behavior-environment contingencies apply to
sedentary behavior? The following are examples:
• Positive reinforcement . Sedentary behaviors may be reinforcing in their own right.
Popular culture expressed through cinematic arts, books, and magazines, requires that
users to be sedentary to enjoy it. The use of the Internet, cell phones, and other
communication devices provides social and professional rewards. Sitting or lying down
may result in rested muscles and a sense of relaxation. Sedentary behavior may require
minimal skills, making it easy to engage in relative to certain physical activities such as
skilled sports.
• Extinction . As noted previously, sedentary behavior is not necessarily just the absence
of physical activity. However, the two behavioral categories (MVPA and sedentary
behavior) are indeed incompatible, that is, they cannot occur at the same time in the
same person. Thus, when MVPA is no longer positively reinforced, it may diminish over
time and be replaced by sedentary behavior. Thus, we can say that the MVPA was
extinguished. For example, a young adult may have enjoyed playing soccer over many
years, but can no longer find a group of peers to play with. Thus, this healthy behavior is
extinguished because it no longer provides social reinforcement. (At the same time, a
more mature peer group may get together to watch soccer on TV, providing additional
positive reinforcement for this decidedly sedentary substitute.)
• Negative reinforcement. Not to be confused with punishment, negative reinforcement is
the escape from or avoidance of aversive conditions. The “no pain, no gain” concept of
becoming physically fit arguably does not have a broad appeal. Sore feet, injuries, or the
social embarrassment of an unskilled performance on a public athletic field may
contribute to people reducing their level of MVPA and becoming more sedentary.
Operant theory provides an objective basis for examining behavior–environment
relationships without resorting to hypothetical cognitive constructs. However, it cannot
account for all of human behavior with simple reference to the immediate environment,
given complex and long-preexisting histories of reinforcement. Fisher articulates this point
very well: “A common misconception about behaviorism is that it views the actions of the
individual as responses only to current stimuli. This fails to recognize the fundamental point
that behavior is learned, that past experience guides present behavior” (2008, 4).
\qqBegin special element\

Metacontingencies: Economics, Policy, and Society
Ultimately, neither operant theory nor mentalistic formulations can prove that it accounts
for all sedentary activities. An operant framework, however, is arguably better able to
accommodate the broad social and economic forces that may contribute either to
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sedentariness or active lifestyles, since this framework makes no reference to the existence
(or nonexistence) of complex and subjective cognitive pathways. Public transportation, bike
paths, and clean and safe parks and playgrounds reduce barriers to physical activity, while
higher gasoline taxes and parking prices may make sedentary transportation less
reinforcing. Parents who change the home environment to remove televisions from
bedrooms and restrict the number of hours children engage in any screen time may directly
reduce sedentary activities and increase activity, as would worksites that provide regular
activity breaks and even standing desk options for workers. These broader changes in
physical and social environments that in turn lead to behavior changes in many or most of
the people who encounter these environments are sometimes referred to as
metacontingencies, or contingencies of reinforcement that are applied not at the individual
but instead at group or even population levels (Hovell, Wahlgren, and Gehrman 2002).
Parallel constructs derived from other social sciences are implicit in systems change theory
(Kohl, Rief, and Glombiewski 2012), behavioral economics (Bickel and Vuchinich 2000),
and other relatively recent schools of thought.
\qqEnd special element\

Socioecological Models
Psychosocial models have been dominant in guiding the design of health behavior
change programs. Interventions based on such models have shown promise (Glanz, Rimer,
and Viswanath 2008), at least within the limits of small-number experimental contexts
(Fisher 2008). However, psychosocial models alone cannot inform the development of
intervention strategies that target changes beyond the individual level. Indeed, Craig and his
colleagues note:
The science of how to change individual behaviours has
overshadowed efforts to understand true population
change. Because of this unbalanced focus, the structural
and systemic changes necessary to promote physical
activity in populations across various sectors have not yet
been addressed. (2012, 72)
At least from this perspective, individual models of behavior change grounded in health
education and traditional psychology and other behavioral sciences may have even impeded
public health progress in the physical activity field. They may similarly impede progress in
the new public-health initiatives for reducing sedentary behavior.
From the beginning years of the health promotion field, guiding frameworks have
emphasized the need to intervene in domains beyond psychological and social variables,
such as supportive environments, policies, and a reorientation of health services (WHO
1986; Green and Kreuter 1991). Analogous to behavioral economics or behaviorism’s
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metacontingencies, socioecological models of health behavior characterized by multiple
and interacting layers of influence on behavior and an emphasis on environmental and
policy influences have become common (McLeroy et al. 1988; Stokols 1992; Cohen,
Scribner, and Farley 2000). Multilevel ecological models have been widely accepted and
guide the public health and science policy agendas of Healthy People (U.S. Department of
Health and Human Services 2000) and the Institute of Medicine (Smedley and Syme 2001).
Despite the use of these models to explain health behavior and set broad policy agendas,
many health behavior change programs continue to be targeted to the individual level only
(Richard et al. 1996).
The development of ecological models for intervention purposes presents challenges
distinct from the use of psychosocial models. Ecological frameworks typically comprise a
broad range of variables to be considered and do not give guidance on which specific
variables might be applicable to sedentary activity or other target behaviors. However, other
models and theories need to be integrated into ecological frameworks to provide specificity
for selected domains. Thus, ecological models need to be tailored for each behavior or
health condition and population because, for example, adolescents will perform different
physical activities in different settings using different equipment than older adults.
Therefore, implementation strategies could differ for each population, but components of
the model could be used across various populations. Given the political and logistical limits
of the scientific method, psychosocial and metacontingency models are often developed
with reference to correlational rather than experimental studies (Sallis, Owen, and Fisher
2008). Thus, such models must often be based on the consensus of practitioners and
participants rather than on direct scientific proof.
In any case, interest in ecological models is particularly strong in the physical activity
field, possibly because physical activity must be done in specific settings and early studies
showed consistent associations with a wide range of environmental variables (Humpel,
Owen, and Leslie 2002). Several multilevel models specific to physical activity have been
proposed that include variables at the individual, social, environmental, and policy levels
(Sallis and Owen 1999; Booth et al. 2001; Saelens, Sallis, and Frank 2003). The
socioecological framework has provided the structure for successful interventions
combining environmental and individual approaches in school- and community-based
programs (Sallis et al. 2003; Stevens et al. 2005). However, researchers do not yet
understand the degree to which the narrower individual and broader ecological layers
respectively contributed to the successful results of these efforts or the degree to which
these layers interact (Fisher 2008).

Summary
To a great extent, psychosocial theories have failed to produce solutions to what Kohl,
Rief, and Glombiewski (2012) labeled a global pandemic of physical inactivity. As they
note, “a systems approach to physical activity beyond a reliance on behavioural science
needs coordinated changes at the individual, social and cultural, environmental and policy
levels” (67). These authors assert that progress in addressing this pandemic compares
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unfavorably to previous efforts in the control of noncommunicable risks such as cigarette
smoking. Within these concerns, there are important lessons for understanding and
influencing sedentary behavior.
This criticism from the physical activity field is well taken, but perhaps itself does not
take into account the pervasive nature of sedentary behaviors that compete so strongly with
physical activity and the context in which theories and models based in individualistic
perspectives on the determinants of behavior have come to predominate.
A focus on change that is directed at the level of the individual is also pervasive.
Scientific norms (and research funding) requiring statistical power at the individual level
lead to small-number randomized studies with overly intensive cognitive-behavioral
assessment and limited follow-up (Fisher 2008). Operant and socioecological models lend
themselves to more objective and comprehensive measurement, but may fail to account for
complex learning histories and interactions among levels of influence. Also, no solid
evidence exists that systems-level interventions perform any better than individual-level
programs. Advances in actigraphy and ecological momentary assessment (Marshall et al.
2003) at the individual level combined with observational assessment (McKenzie and
Cohen 2011) at the environmental level offer at least the hope of advances in the science of
sedentary behavior interventions and population-wide promotion of healthy levels of
physical activity. Should time-series designs emphasizing behavioral settings with many
participants rather than a single person’s actions become more broadly accepted, positivistic
theories of behavior change may yet prove valuable to this endeavor.
\qqBegin special element\

Key Concepts
• Health belief model: Perceived threat represents a person’s feelings regarding how
hazardous a condition or disease is. This construct involves two factors: perceived
susceptibility and perceived severity. Perceived benefits are attitudes about the how
much there is to gain by engaging in a particular preventive action. Perceived barriers
represent feelings associated with the potential negative aspects of a particular health
behavior.
• Social cognitive theory: Self-efficacy and outcome expectations are cognitive processes
that may make behaviors more likely to occur. Self-efficacy refers to the confidence a
person has in being able to perform a specific behavior. Outcome expectations are the
anticipated consequences of engaging in the behavior. Social cognitive theory also
emphasizes the notion of reciprocal determinism among three entities: behavior, the
environment, and the person (i.e., an individual’s cognitive processes). The addition of
the latter element represents its departure from operant theory.
• Theories of reasoned action and planned behavior: An attitude consists of a person’s
beliefs about the consequences that will follow from a behavior (behavioral beliefs),
along with subjective valuations of those consequences. Subjective norms consist of two
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constructs: normative beliefs and motivation to comply. Normative beliefs affect
behavior only if a person has a strong motivation to comply with the expectations of their
family, peers, or other important people within in their community. Attitudes and
subjective norms both influence the intention to perform a behavior. Perceived control is
determined by the presence of hindering or enabling factors (control beliefs) and the
perceived power those factors maintain. Factors that maintain little perceived power will
not largely influence perceived control.
• Transtheoretical model’s stages of change: Precontemplation is the earliest stage, in
which people do not intend to change within the next 6 months. Contemplation identifies
people who intend to change within the next 6 months. Preparation is achieved when a
person is planning to change soon, likely within the next month. Action is reserved for
people who have made a change in their lifestyle within the last 6 months. Maintenance
is reached when a person has made a significant modification in lifestyle longer than 6
months and is working to avoid relapse. Termination is the stage that represents complete
transition to a new behavior, where the risk of relapse is operationally zero.

Study Questions
1. Identify and explain the three most important ways in which psychosocial models of
behavior change might act to hinder public health approaches to reducing excessive
sitting time.
2. Taking into account the transtheoretical model’s precontemplation and contemplation
stages of change, identify how an older adult who sits for 11 hours each day might be
persuaded to reduce and break up sitting time.
3. Describe three examples of how the positive reinforcement, extinction, and negative
reinforcement constructs could be used to reduce the daytime television viewing of an
unemployed teenager.
4. What do you consider to be the three most useful attributes of ecological models for
understanding and influencing the determinants of health behaviors? Explain why you
have chosen these attributes.
5. Using an ecological model, identify the individual, social, and environmental factors
that would be most important in determining prolonged, unbroken sitting among
computer-based office workers.
6. What are the metacontingencies that would be of most relevance for reducing
prolonged sitting among office-based workers?
\qqEnd special element\
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Chapter 23
Environment and Policy
Interventions
Jordan A. Carlson, PhD; and James F. Sallis, PhD
\ qqBegin special element\
The reader will gain an overview of environment and policy interventions for reducing
sedentary behavior in varied settings. By the end of this chapter, the reader should be able
to do the following:
• List promising environment or policy approaches for reducing sedentary time for home,
school, and community settings
• Describe barriers to implementing environment and policy interventions
• List advantages and disadvantages of implementing environment or policy interventions
for reducing sedentary time
• List opportunities for research on environment and policy approaches for reducing
sedentary time
\qqEnd special element\
What if every school classroom and office had height-adjustable desks? What if
insurance companies gave discounts to workers with treadmill desks? What if every
restaurant and bar had standing tables? What if half of the conference rooms at worksites
had no chairs? What if employers had policies to encourage standing meetings and walking
meetings? What if furniture makers made tall coffee tables without chairs for home
entertainment rooms where people would stand to watch TV? What if theaters had labeled
standing sections with premium views? What if padded comfortable chairs were taxed more
than hard, less-comfortable chairs? Would any of these changes in our society make a
difference in sitting time or risk for chronic diseases?
The preceding questions raise possibilities about how we could create environments and
policies that might lead to less sitting. These environments and policies would make it
easier for people to choose to stand or be active. Such interventions would likely need to be
combined with educational and motivational programs to encourage people to take
advantage of these standing-friendly environments. The interventions would not take away
anyone’s freedom but would make it easier to choose standing over sitting. If evidence
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keeps mounting about the negative health effects of the extraordinary amount of sitting
done by most people, interventions could be justified that require less sitting and more
standing. Standing desks, standing meetings, standing sections in theaters, standing tables at
restaurants, and standing by retail workers could be required. Interventions to prohibit
sitting or require standing in certain situations would no doubt be controversial, but they
might be effective in reducing sitting by a substantial amount.
The focus of this chapter is on built or physical environment interventions for replacing
sitting time with standing or physical activity. We consider several types of policies, both
formal (legislative, regulatory) and informal (not legally binding). Policies that can affect
sitting could be adopted by companies and school districts, health care organizations,
community organizations, parents, and local, state, or federal governments. They would
focus on where people spend the most time: home, the workplace, and school. Many
options exist for environment and policy interventions, but relatively few have been
evaluated for their effectiveness in controlled studies or even for their feasibility in freeliving situations. So, we both review the available studies and suggest more intervention
approaches that could be attempted.
Many opportunities exist for environment and policy interventions because so many
environment attributes and policies in our current world have been created to facilitate,
encourage, or require sitting. Sitting is virtually, though not legally, required by informal
policies throughout most of the school day, in most occupations, and in entertainment
settings like restaurants and movie theaters. Sitting is legally required at times while flying
on airplanes. The design of items we use every day makes it essentially impossible to stand
while driving, working at a normal desk, or eating at a sit-down restaurant. How are we
going to reduce unhealthful levels of sitting unless substantial changes in environments and
policies are made? Our contention is that environment and policy changes will be required
to reduce sitting time by a large amount in most people.
Interventions to reduce sitting can replace it with standing, which appears to have
beneficial physiological effects (Owen et al. 2010; see also chapter 3), or with physical
activity, which would seem to have the double benefits of reducing sitting and increasing
physical activity. To maximize health benefits of interventions, replacing sitting with
physical activity is preferable when possible.
There are unavoidable overlaps to be found with other chapters in this book, such as
those on workplace (chapter 24), community (chapter 25), ergonomics (chapter 26), and
technology interventions (chapter 27). We briefly discuss environment and policy
interventions related to each of these topics, so the present chapter is relatively
comprehensive, but we try to avoid redundancy. Other overlaps occur because it is difficult
to clearly distinguish environment and policy changes from other types of interventions. For
example, replacing sedentary video games with active ones is an environment intervention
that is also a technological intervention. Another example of overlap is policies that provide
incentives to use software that reminds people to stand or to attend group sessions on
reducing sedentary time.
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Comprehensive Multilevel Approaches
Will environment and policy interventions be sufficient by themselves to dramatically
reduce the health risks of prolonged sitting? Probably not, for two reasons. The first is that
many people are likely to resist environment and policy changes that reduce the
convenience of sitting. We do not have sitting-friendly environments by accident. Humans
conserve energy for evolutionary reasons, such as surviving famines. Sitting conserves
more energy than standing or moving, so it is logical that people who were well adapted for
prolonged sitting would survive famines and pass on their tendencies or preferences for
sitting to their progeny. The biological mechanisms for sitting preference have not been
documented, but there are biological mechanisms that lead animals and likely people to
prefer less physical activity as they age (Ingram 2000). From this perspective, it would
seem politically difficult to make big enough environment and policy changes that have
large effects on sitting.
A second reason that environment and policy interventions may not be enough is the
growing evidence that interventions are most effective when they operate on multiple
levels. A principle of ecological models of behavior is that behavior is affected by
individual (e.g., psychological, biological), social and cultural, organizational, built
environmental, and policy levels of influence (Sallis, Owen, and Fisher 2008). Interventions
carried out on multiple levels can build on the strengths of each component. Environment
and policy changes can make it easier to reduce sitting time by removing barriers and
providing incentives. Organizational and social changes can create supportive norms
throughout the community and through media channels. Educational and motivation
programs targeted at individuals can encourage people to use supportive environments and
build a favorable political climate for policy change. An ecological model of sedentary
behavior has been developed that suggests interventions at all levels that can be applied to
reduce sitting in work, school, transport, recreation, and home settings (Owen et al. 2011).
Connections exist between environments and policies that are helpful to keep in mind.
Policies can influence behaviors through several mechanisms. Policies can provide
incentives to engage in a behavior or not. Policies to encourage standing could include
health insurance discounts for having a standing or treadmill desk or making employees buy
their chairs for work. Budgeting can change behavior by encouraging consumers to buy less
comfortable chairs or funding educational programs to discourage prolonged sitting.
Environment changes like those suggested in the first paragraph of this chapter are usually
the result of formal or informal policies. The effect on behavior should be greater when
environments and policies are complementary. For example, if a company has a policy to
have standing meetings but its conference rooms are full of chairs, the company sends an
inconsistent message.
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Evaluating Environment and Policy Interventions
Environment and policy interventions can be difficult to implement and evaluate,
particularly when they affect large geographic areas and numbers of people. Using
randomized controlled experimental trials is typically not feasible when evaluating macrolevel environment interventions. Because large-scale environment modifications are so
expensive, they are typically initiated by governments or companies rather than researchers.
Thus, investigators do not control decisions about the intervention, and finding appropriate
comparison groups can be difficult when a state or large city adopts a policy. Another
barrier to documenting effects of environment and policy interventions is that governments
or companies usually do not evaluate the effects of environment modifications. Thus,
multisector collaborations among governments, researchers, and health departments are
needed to build evidence on the influence of environment and policy interventions on
sedentary time. Other barriers to conducting experimental studies of environment and
policy interventions have been identified (Sallis, Story, and Lou 2009).
Environment and policy interventions in settings such as homes, schools, and worksites
are more feasible to conduct and evaluate within grant periods. Settings can be randomized
to experimental conditions and direct observations can be conducted relatively easily within
a specific setting. One evaluation challenge of special relevance is that interventions may
not be implemented as intended. For example, policies may be adopted but not enforced or
environment changes may be planned and announced, but funding may be delayed or lost.
In other situations, control schools or companies may decide to implement the intervention.
Another evaluation challenge is the lack of validated measures of sitting-related
environment attributes and policies.

Interventions in the Home Setting
Evaluated interventions for reducing sedentary time at home have primarily focused on
reducing the amount of time youth spend watching television, playing video games, and
using computers (i.e., screen time). A majority of these interventions have used educational
sessions to increase participants’ motivation and skills for reducing television viewing time
in combination with environment modification. The types of environment modification that
have been used fall within three categories: restricted screen time, contingent screen time,
and active screen time (i.e., replacing sedentary behaviors with more active behaviors
during screen time).

Restricted Screen Time
Environment interventions for restricting screen time have used devices such as the TV
Allowance, which plugs into the television or other screen-based device and monitors and
regulates the amount of time the device can be used. In forced restriction studies, the TV
Allowance was programmed by the interventionist to shut off the TV after a specified
amount of viewing time (e.g., 2 hr/day) (Epstein et al. 2008). In open restriction studies, the
TV Allowance monitored viewing time and participants were encouraged but not forced to
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follow an upper limit of viewing time (Ni Mhurchu et al. 2009; Robinson 1999). Parents
were often encouraged to enforce a specified amount of viewing time.
Target TV times in these interventions ranged from a reduction of 1 hour per day (Ni
Mhurchu et al. 2009) to a 50% reduction (Epstein et al. 2008; see figure 23.1). The
interventions led to reductions in TV time of 5 hours per week in two studies (Ni Mhurchu
et al. 2009; Robinson 1999) and more than 10 hours per week in another study (Epstein et
al. 2008). Epstein and colleagues also found reductions in children’s BMI z-score and
energy intake over a 2-year period.

Figure 23.1 Reductions in sedentary behavior for TV restriction with TV
allowance.

MOCK- Data from Epstein et al. 2008.
Evidence of efficacy in reducing TV time is promising because large reductions were
documented. One limitation is that few studies assessed total sedentary time for the day.
Little evidence exists to support the acceptability of restricting screen time on a large scale
and in diverse populations. Sustainability is an important question because the majority of
youth screen-time interventions did not include a long-term follow-up assessment.

Contingent Screen Time
Contingent screen-time interventions have required participants to engage in physical
activity to earn time for viewing screen-based devices. One study tested an intervention
where children earned 1 hour of TV viewing for every 400 steps they walked, assessed by
pedometer (Goldfield et al. 2006). Parents monitored their child’s pedometer and presented
the child with tokens to be used in a TV Allowance device. The intervention led to
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reductions in TV viewing by almost 2 hours per day as well as increases in moderate- to
vigorous-intensity physical activity (MVPA).

Active Screen Time
Some interventions have required children to ride a stationary bicycle (Faith et al. 2001)
or walk on a treadmill (Lanningham-Foster et al. 2006) while watching TV. These
interventions can be considered both contingency interventions and active screen-time
interventions because they required children to engage in physical activity to earn screen
time and they replaced sedentary time with physical activity during screen time. In one
study, pedaling on a stationary bicycle while watching TV reduced TV viewing to less than
2 hours per day (Faith et al. 2001). In another study, walking on a treadmill while watching
TV led to significant increases in energy expenditure, although the authors did not assess
changes in TV viewing time (Lanningham-Foster et al. 2006).
Active video games such as Dance Revolution, XBox Kinect, and Nintendo Wii have
been substituted for sedentary video games to increase energy expenditure. Intervention
studies have generally found that active video games lead to increased energy expenditure
and moderate-intensity physical activity over sedentary video games (Barnett, Cerin, and
Baranowski 2011; Lanningham-Foster et al. 2006; Maloney et al. 2008). However, effect on
reducing sedentary time was usually not assessed. Studies on active video games have
found that game play decreases rapidly within a few weeks (Barnett, Cerin, and Baranowski
2011), so lack of sustainability is of particular concern.

Interventions in the Work Setting
Many occupations involve prolonged sitting for office and retail work. Most worksite
interventions to date have been conducted with participants who spend a majority of their
day working at a desk, typically on a computer. Interventions are believed to be particularly
promising in this population because they have high baseline rates of sitting and thus have
substantial room for reducing sedentary time.

Standing Desks
Replacing standard desks with standing or sit-to-stand desks is the most common strategy
used in workplace sedentary interventions. Several studies have reported good feasibility
and acceptability for using standing desks, suggesting this is a promising environment
modification strategy (e.g., Beers et al. 2008; Gilson et al. 2012; Healy et al. 2013). The
largest study to date used sit-to-stand workstations and behavioral coaching in office
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workers and achieved a reduction in sitting of 125 minutes per 8-hour workday (Healy et al.
2013; see figure 23.2).

Figure 23.2 Sedentary reductions for multilevel worksite interventions.

MOCK- Data from Healy et al. 2013.
A major barrier to implementing environment interventions in worksites is that sit-tostand desks are often cost prohibitive on a large scale, but as more evidence on the health
consequences of prolonged sedentary time accumulates, buy-ins from business owners may
increase. Increasing demand for sit-to-stand desks or computer risers can be expected to
lead to better designs and cost reductions. Studies that document the effect of sitting
interventions on work performance and productivity could accelerate adoption of such
workplace interventions.

Computer Prompts
Computer software has been used to send prompts to users at given intervals. The
software is typically programmed to open a window on the computer screen that displays a
message for the user to take a standing break. One study investigating computer prompts
found some evidence of reductions in sitting time and sitting episodes when using prompts
every 30 minutes (Evans et al. 2012). Prompts could be incorporated with other strategies,
such as linking a sensor to the prompt system so prompts are displayed only when the user
has been sitting for a given amount of time. The software could be modified so the
computer is locked for a certain amount of time when a prompt appears, thus restricting
computer use during that interval and potentially increasing user compliance.
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Providing Activity Breaks
Workplace policies have been evaluated that interrupt sedentary jobs several times per
day with brief physical activity breaks. This is an intervention with a potential double
benefit of reducing sitting and increasing physical activity. This strategy has been feasible
in several worksites and has led to outcomes of interest to employers such as reductions in
sick days and ergonomic injuries (Lazarovici 2012).

Interventions in the School Setting
Traditionally, classroom learning involves large amounts of sitting. However, evidence
exists that children’s learning improves when they are more physically active and
potentially when they are less sedentary (Singh et al. 2012). Few interventions have
targeted reducing or interrupting sedentary time during school. The environment and policy
strategies that have been investigated include incorporating movement into academic
lessons and modifying classroom desks to allow students to stand. Interventions for
reducing sedentary time at school are particularly promising because they could reach large
numbers of youth and thus have great potential for affecting public health.

Active Lessons
The goal of an active lesson is to incorporate physical activity into an existing academic
lesson or teach through activity (e.g., Kibbe et al. 2011). Active lessons could involve
subjects such as mathematics, science, or language arts. Although the primary goal of active
lessons is to get children to be physically active, the lessons also serve to interrupt and
reduce sedentary time. However, the effect of active lessons on classroom sedentary time
has not been evaluated. Some evidence exists that these interventions led to improved
academic performance and classroom concentration (Kibbe et al. 2011). A barrier to
modifying academic curricula to include active lessons is that it would require significant
resources and teacher training. Also, current norms are for teachers to encourage young
children to be still during class because moving around too much is often perceived as
disruptive (De Decker et al. 2012).

Standing Desks
Standing desk interventions have recently emerged as a promising strategy for decreasing
sedentary time at school, but most studies have included only a small number of classrooms
(Blake, Benden, and Wendel 2012; Cardon et al. 2004; Clemes et al. 2015; Hinckson et al.
2013). One study aimed to create a moving school, where classroom furniture is organized
to provide students with an open area for walking around and some standing desks are
provided. Results showed that 31% of children’s sitting time was replaced by standing and
10% was replaced by walking (Cardon et al. 2004). There were no negative effects on
children’s reading and writing productivity. A study in primary schools in the UK and
Australia replaced standard desks with sit-to-stand desks and observed that sitting time was
reduced from 70% to 60% of the school day (Clemes et al. 2015).
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Evidence about the efficacy and feasibility of standing desks in the classroom is
promising, but substantial barriers likely exist to modifying school environments on a large
scale, including that modifying classrooms to include sit-to-stand desks for all students
would have significant financial costs. However, few studies have investigated these
barriers.
\qqBegin special element\

Interventions in Unique Community Institutions
Environment and policy interventions in institutions such as retirement communities,
senior centers, day care centers, and churches and places of worship would likely use
similar strategies as home, school, and worksite interventions. Targeting retirement
communities and day care centers could reach a substantial portion of older adults and
preschool-aged children on a daily basis, so these settings are promising for intervention.
Time spent at places of worship is typically low, so strategies in this setting have lower
reach. A benefit of intervening in institutions is the potential for making the changes
permanent. However, no published evaluations of sedentary interventions in these settings
could be located.
• Retirement communities. Given the potentially major effect of reductions in sedentary
time on healthy aging, targeting older adults appears a promising public health strategy.
Adapting home and worksite strategies, such as restricting TV time and using standing
break prompts, could be especially effective in these settings. One study targeted policy
interventions by training older adults at senior centers and retirement communities to
advocate for standing breaks during meetings and events that involved prolonged sitting
(Kerr et al. 2012).
• Day care centers. Children watch substantial amounts of TV at some day care centers
(McWilliams et al. 2009), so strategies for reducing sedentary time might include
policies that require standing breaks or limit TV viewing to educational purposes only.
• Places of worship. Though it appears that most worship services have substantial
amounts of sedentary time, the amount of standing in places of worship varies during
prayer or other aspects of worship. Potential environment and policy strategies could
include distributing (rather than front-loading) standing breaks throughout a service or
incorporating a standing section in the worship area.
\qqEnd special element\

Interventions in Community Settings
Many places within communities involve prolonged sedentary time. Examples include
restaurants, movie theaters, airports, sporting events, and conferences. To date, environment
and policy intervention studies have not targeted these settings, but some modifications are
occurring that should be evaluated for their influence on sedentary behavior. Some
restaurants and pubs are incorporating standing tables, and many have taller tables with
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stools that are the appropriate height for standing. Standing workstations that could affect
users’ sedentary behavior have recently begun to appear in airports. Incorporating a
standing section or standing prompts in movie theaters would likely need to be supported
by educational interventions, but this may be a viable strategy for reducing sedentary
behavior.
Conferences, large meetings, and sporting events may affect each attendee infrequently,
but such events often require prolonged sitting for hundreds and thousands of people.
Active Living Research incorporates active applause into its 3-day annual conference,
which involves standing ovations for all conference presenters. This practice has been
adopted at several other conferences. In many public health conferences, it is becoming
more common to observe participants standing in the side and back of meeting rooms than
sitting in chairs. Prompts and standing sections could be used during events of many types
to promote standing breaks.
Many community settings could be targeted to reduce sedentary behavior. Environment
and policy strategies in these settings are promising, but will likely require community
support and buy-in. Evaluations of naturalistic experiments are needed because many
environment modifications that affect sedentary behavior are currently occurring.

Interventions in Transportation, Land Use, and Parks
Transportation and land use policies affect travel patterns by supporting pedestrian and
bicycle infrastructure as well as smart growth land use (Handy 2005). Built environment
attributes have good evidence of association with physical activity (Bauman et al. 2012),
but they likely also play a role in influencing sedentary behavior.

Transportation
Driving and riding in motor vehicles is a major source of sitting. Transportation policies
can offset other sedentary behavior by providing bicycle and pedestrian infrastructure that
allows users to choose active over automobile transportation. Though many cities have
shown that long-term, multicomponent, multilevel interventions can be effective at
increasing bicycling (Pucher, Dill, and Handy 2010), it is unclear whether increases in
active transportation lead to decreases in sedentary behavior.
Transportation policies also affect public transportation, which is relevant to reducing
sedentary behavior because buses and trains usually include standing areas. Environment
and policy interventions for reducing sedentary behavior in public transportation could
increase standing room on vehicles and include prompts to promote standing. Targeting
these strategies on long-distance train and airplane rides may be effective for reducing
sedentary behavior.

Land Use and Smart Growth
Smart growth and urban development land use policies aim to reduce automobile
dependency and facilitate active travel, primarily through increased residential density and
land use mix, where homes, retail sites, schools, and worksites are in close proximity. Smart
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growth usually incorporates pedestrian-oriented transportation infrastructure, and is closely
tied to transportation policies (Handy 2005). Good evidence exists that people of all ages
living in mixed-use walkable communities do more walking for transportation and total
physical activity (Bauman et al. 2012; Sallis et al. 2012).
Walkable neighborhood designs have also been related to spending less time in specific
sitting behaviors in a few studies. Though no studies to date have shown a significant
relationship between living in a walkable neighborhood and total sedentary time, lower
levels of TV time (Kozo et al. 2012; Sugiyama et al. 2007) and driving in a motor vehicle
(Kozo et al. 2012) have been documented in walkable neighborhoods. However, a study in
Belgium using objective measures did not show the expected association of less sedentary
time in residents of walkable neighborhoods (Van Dyck et al. 2010).
Controlled intervention studies to evaluate smart growth are nearly impossible to conduct
because neighborhood development or redevelopment is a slow process and people selfselect into neighborhoods, which prohibits randomized controlled trials. Though
quasiexperimental prospective studies are finding that moving to different built
environments is related to changes in physical activity (Giles-Corti et al. 2013), sedentary
behavior outcomes have not been reported. Similar to transportation policies, the
mechanism by which land use policies may reduce sedentary behavior likely increases
MVPA and also potentially increases light activity.

Parks
Parks are a specific land use in the public domain, and good evidence exists that
proximity and design of parks are related to physical activity (Bauman et al. 2012; Sallis et
al. 2012). Parks serve many purposes, including providing space for quiet relaxation,
contemplation of nature, and respite from hectic urban living. Opportunities may exist for
designing parks so they reduce sedentary behavior without interfering with more
contemplative activities. For example, spectator areas for amateur sports facilities could
have designated standing areas close to the action or, better yet, walking areas and outdoor
exercise equipment to give attractive alternatives to sitting. Why couldn’t children’s
playgrounds also have adult exercise equipment so parents could be active instead of sitting
and watching while children are playing?
Ensuring that virtually every park has linear features like sidewalks and trails that
facilitate movement could balance the allure of plentiful benches. It is worthwhile to
explore standing tables in picnic areas. It may not be wise to remove most park benches.
Places to rest are important for older adults in particular, so removing benches may result in
fewer trips to parks by older adults. Even if people mostly sit while in the park, they can get
some activity by walking to the park and walking to the bench.
Well-placed and well-designed parks may contribute to reducing sedentary travel to
parks. Developing more parks that are smaller or linear within walking or biking distance to
a greater number of people would be more effective than emphasizing larger regional parks.
The roads leading to parks should be optimized for safe pedestrian and bicycle access to
reduce driving.
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Integrating Environment and Policy
Interventions With Other Approaches
Many of the sedentary behavior interventions suggested in the preceding sections are
likely to seem unfamiliar, even radical. Seeing a restaurant or living room without chairs or
a movie theater with a standing section would be jarring for many people. Thus, public
acceptance or support for many of the suggested interventions should not be expected in the
short term. Consistent with ecological models, educational interventions to inform people
about the health effects of too much sitting and media campaigns to change social norms
and build support for environmental and policy interventions will almost certainly be
needed before most of these interventions can be applied in practice. Even after
environmental and policy interventions are implemented, complementary interventions at
the individual, social, and organizational levels will likely be required to achieve desired
effects.
A further impediment to implementing many of the suggested environmental and policy
interventions is the near certainty of opposition. Much opposition can be expected from
industries whose products and services rely on or require sitting. Policies that would take
chairs out of offices or schools would not be popular among many furniture makers.
However, increasing demand for standing desks and tables already is giving rise to new
product lines and design innovations. The costs of retrofitting existing schools and offices
with standing furniture and making time for activity breaks may lead to resistance to new
health-promoting interventions. Parents may be unwilling to pay for TV Allowance devices
and uncomfortable enforcing screen-time limits that are unpopular with their children.
Interventions that provide options, prompts, and incentives for reducing sitting time are
probably going to be more acceptable than interventions that remove options to sit or
require standing. Overcoming resistance to sedentary behavior interventions will require
continued strengthening of evidence on the negative health consequences of sitting and the
effectiveness of recommended interventions. Barriers and opposition to environment and
policy interventions are a useful area for research.

Practical Guidelines
Evidence of serious negative health effects of sitting is new and interventions for
reducing sedentary behavior are even newer. Though environment and policy interventions
have the potential advantages of wide reach and long-term effects, few such interventions
have been evaluated to date. Only worksite interventions with adults and television
reduction approaches for youth have been evaluated in multiple studies, so it is premature to
develop many evidence-based recommendations. It may be useful to offer some tentative
guidelines based on the existing evidence along with encouragement to expand the research
in all directions, both further testing existing approaches and evaluating novel interventions.
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Table 23.1 presents a summary of the settings and strategies for reducing sedentary
behavior that are presented in this chapter.

Table 23.1 Settings and Strategies for Environment and Policy Interventions
for Reducing Sedentary Behavior
Setting

Evaluated strategies

Examples of unevaluated strategies

Homes

Restricted screen time, contingent screen time, active
screen time

Redesigning furniture and room layout

Worksites

Standing desks, computer
prompts, physical activity
breaks

Redesigning occupational vehicles;
conference rooms with no chairs

Schools

Active lessons, standing
desks

Regular breaks from sitting

Other institutions Same as home and worksite
strategies

Standing breaks during meetings

Community settings

None

Standing applause, standing sections at
events, standing tables

Transportation
and land use

Walkable neighborhoods

Redesigning or increasing availability
of public transit and parks

One of the most promising studies evaluated a multilevel approach that included
education and skills building to reduce sedentary behavior in addition to environment
modification (e.g., adding standing desks) (Healy et al. 2013). Some interventions with
evidence of efficacy may have limited reach, sustainability, and external validity, such as
those aimed at reducing children’s screen time (e.g., Epstein et al. 2008). Thus, future
interventions should be designed to maximize sustainability, and studies should include
long-term assessments of sustainability. Perhaps mass media campaigns could help build
support for environment and policy changes that seem far from current cultural norms.
Since sedentary interventions are a relatively new topic in public health, there are many
avenues to explore, making this area a particularly rich research opportunity.
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Next Steps for Research
Next steps for developing interventions to reduce home-based sedentary time are to
evaluate low-cost, high-reach, and sustainable strategies. Interventions are needed in adults,
and novel ideas need to be investigated. For example, family rooms could be redesigned to
remove the TV as the centerpiece of the room or move the sofa away from the TV.
Designers could be challenged to create appealing furniture, such as standing coffee tables,
to facilitate standing during electronic entertainment. These could be effective strategies for
reducing TV time, although they are likely to be viewed as drastic changes from current
cultural norms.
Although most sedentary worksite environment interventions to date have been
conducted with office workers, interventions could have a great influence in other sedentary
occupations. Sedentary interventions for other occupations may include strategies such as
promoting standing breaks in vehicle operators (e.g., bus drivers, taxi drivers) or standing
meetings in occupations that involve substantial time in meetings. Large vehicles like buses
and trucks could have seats that fold up, giving the driver the opportunity to alternate sitting
and standing.
For the school setting, next steps should include investigating other school-based
strategies, including those aiming to interrupt sitting time. Low-cost environment
modifications, such as environmental prompts or simply standing beside desks, could be
effective at interrupting students’ sedentary time.
In the community setting, more evidence is needed to determine whether transportation,
land use, and parks policies can reduce sedentary behavior. These policies and
environments are difficult to change because they involve political decisions and large
investments, but built environments are constantly changing. The potential effects of
transportation and land use improvements are great, due to high reach and sustained effects.
Transportation and land use strategies may be particularly effective in people who spend
large amounts of time in sedentary travel. Parks designed to reduce sedentary leisure
behavior and encourager users to travel to reach them could affect all segments of the
population.

Summary
Environment and policy interventions for reducing sedentary behavior could include
standing desks and tables at workplaces and schools, policies to encourage standing
meetings and activity breaks, and standing sections in commonly used settings such as
restaurants, movie theaters, and meeting rooms. Small numbers of studies conducted in
homes, schools, and workplaces demonstrated that environment changes can be effective
and provide proof of concept, but questions remain. Transportation and land use policies
can reduce driving, which is a common sedentary behavior. Numerous potential
environment and policy interventions are suggested in this chapter that could be evaluated
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in a wide range of settings. Changing environments and policies are promising in terms of
reducing sedentary behaviors because such changes could reach many people and have
long-term effects, in contrast to most interventions at the individual and social levels that
tend to have limited reach and short-term effects.
The major challenges to environment and policy changes are likely to be political
feasibility and population acceptance, because many of the interventions would be
considered unfamiliar or even radical. Thus, efforts to build political will and individual
motivation need to precede and accompany environment and policy changes in a
coordinated multilevel approach. Constraints exist to evaluating environment and policy
interventions because they are seldom controlled by investigators, so opportunistic
evaluations of natural experiments are recommended. The emphasis in the next few years
should be on prioritizing research questions and building an evidence base about
environment and policy interventions that can guide later efforts to create change on a scale
sufficient to affect population levels of sedentary behavior.
\qqBegin special element\

Key Concepts
• Environment and policy interventions: Time spent sitting is a pervasive aspect of the
everyday lives of adults and children. Individual motivational approaches to reducing
sedentary time are unlikely to result in substantial or sustainable changes. Wide-reaching
influences are needed so that the environments in which people spend their time and the
relevant social norms, regulations, or sometimes laws are such that opportunities are
more widely available for activities other than sitting for the majority of time.
• Multilevel influences on sedentary behavior: Ecological models suggest that
individual, interpersonal, and environmental factors interact to influence behavior.
Although motivation for reducing sedentary behavior varies among people, even highly
motivated people engage in prolonged sedentary time because numerous aspects of the
environment make sitting the normative and default behavior. Thus, to maximize
effectiveness, interventions should target environmental modifications, awareness,
cultural shifts, and individual skills and motivation.
• Settings-based approaches to sedentary behavior: Much of the sitting in people’s
daily lives takes place in the workplace, in schools, in automobiles, and in front of
screens in the domestic environment. Interventions in these different contexts will need
to differ in important ways. For example, the provision of sit-to-stand workstations for
office employees might be the most powerful approach in the workplace setting. For
time spent sitting in cars, more widespread availability of public transport options and
other aspects of urban design might be most relevant. For time in front of screens in the
domestic environment, changes to public awareness and social norms might be most
effective.
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Study Questions
1. Compare environmental versus individual-level approaches for reducing sedentary
time. Give two examples of each.
2. Describe three features of the environment that promote sedentary time and explain
how you would overcome these environmental barriers when designing a sedentary
intervention.
3. Identify which settings are most promising for targeting reductions in sedentary
behavior and why.
4. Choose either a school or worksite setting and describe your ideal vision of a
multilevel sedentary intervention in this setting.
5. Provide two examples of collaborations you could form to facilitate development of a
new environment or policy intervention for reducing sedentary time.
6. Describe two major societal barriers to modifying environments to support reductions
in sitting time.
\qqEnd special element\
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Chapter 24
Sedentary Behavior and
Worksite Interventions
Nicolaas P. Pronk, PhD, MA
\ qqBegin special element\
The reader will gain an overview of the potential that exists to address the risks
associated with sedentary behavior in the workplace setting and will consider critical design
elements needed for programs to achieve such potential. By the end of this chapter, the
reader should be able to do the following:
• Better understand the workplace as a context for programs that reduce sedentary
behavior
• Identify and consider implications of approaches used to reduce sedentary behavior and
prolong sitting time at work
• Identify recommendations for future research and practice
\qqEnd special element\
Within the context of the worksite setting, this chapter provides an overview of
approaches and interventions designed to reduce sedentary behavior among workers and
outlines recommendations for future developments and research in this emerging field of
study.
Sedentary behavior is being rediscovered as a health hazard, and recommendations for
avoiding prolonged exposures to sedentary tasks and behaviors are increasingly being
heeded. Particular relevance to this concern relates to the worksite setting. Historically
speaking, messages related to the ill-health effects of sedentary work tasks were highlighted
as early as the 1700s by Italian physician Bernardino Ramazzini (1713/1940). Ramazzini,
widely recognized as the father of industrial medicine, published his book Diseases of
Workmen (De Morbis Artificum Diatriba) in 1700, a publication that became the foundation
of the occupational medicine discipline. He observed that cobblers, tailors, and women who
did needlework suffered ill-health effects due to the sedentary nature of their work tasks.
On the other hand, compared to sedentary workers, messengers (whose work involved
running to deliver messages) avoided many health problems suffered by the cobblers and
tailors. As a result, Ramazzini advised that sedentary workers “take to physical exercise, at
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any rate on holidays” to counteract the harm done by many days of sedentary life
(1713/1940, 285).
Another landmark study in the field of physical activity epidemiology is the London bus
study conducted in 1953 by Dr. Jeremy Morris and coworkers. These researchers carefully
documented the effect of sedentary work on coronary heart disease (CHD) by comparing
the rates of CHD between the active bus conductors, who spent most of their working time
on their feet and climbing the stairs of double-deck buses, and those of the bus drivers, who
spent almost 90% of their work time seated. The increase in CHD rates among the more
sedentary bus drivers was basically doubled compared to the more active conductors.
More recently, Owen and colleagues (2010) reviewed the available evidence on
sedentary behavior and health outcomes and concluded that sedentary behavior should be
considered separate and distinct from a lack of moderate- to vigorous-intensity physical
activity (MVPA) and that prolonged sitting is an independent predictor of disease. Defined
as activities characterized by minimal movement and a very low level of energy
expenditure (<1.5 METs), sedentary behavior was associated with obesity, diabetes,
impaired glucose uptake, and insulin resistance. These associations remained important
even after statistically adjusting for MVPA and waist circumference. Furthermore, these
researchers observed that adults, on average, spent approximately 60% of their waking
hours being sedentary. The effect of this much daily sedentary time is compromised health,
even among people who meet the recommended levels of 150 minutes or more of MVPA
per week (Owen et al. 2010; Physical Activity Guidelines Advisory Committee 2008).
These observations extend to the workplace as indicated by the work of Mummery and
colleagues (2005), who showed that Australian workers who sit more than 6 hours per day
are twice as likely to be obese compared to those who sit less than 45 minutes per day.
The health-related concerns around sedentary behavior in general and prolonged sitting
time in particular in the workplace setting are exacerbated by the observation that
occupation-related physical activity is becoming increasingly sedentary. Church and
coworkers (2011) noted that during the five decades between 1960 and 2010, occupations
classified as sedentary activity have increased from 15% to 23% and light-activity jobs have
increased from 37% to 57%. On the other hand, moderate-activity jobs decreased from 48%
to 20%. The net result constitutes a shift away from occupations that require moderateintensity physical activity to jobs that are mostly sedentary. The estimated effect is a
decrease of more than 100 calories in daily occupational energy expenditure, which in turn
accounts for a large portion of the increase in average body weight among U.S. men and
women during this time period (Church et al. 2011).
Attempts to deal with the increasingly sedentary nature of work in the contemporary
workplace may be considered a strategic priority for business and industry (Pronk and
Kottke 2009; Pronk 2009a). The challenges associated with sedentary behavior at the
workplace are not limited to health alone. Research has shown the influence of physical
activity–related variables on health care costs (Pronk et al. 1999; Goetzel et al. 2012; Pronk,
Tan, and O’Connor 1999) and productivity-related concerns such as absenteeism (Proper et
al. 2002), presenteeism (Cancelliere et al. 2011; Brown et al. 2011), or the effect of
musculoskeletal disorders on worker performance (Straker 1998). However, in general, the
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literature lacks strong evidence on the relationship between sedentary behavior and
productivity outcomes as well as the effect of interventions for reducing sedentary behavior
and the associated changes in cost, productivity, and worker performance outcomes.
Additional important research findings include the notion that employment in itself is
important for maintaining physical activity levels. Van Domelen and colleagues (2011)
showed that based on cross-sectional data from the National Health and Nutrition
Examination Survey, full-time employment, even in sedentary occupations, is associated
with higher levels of physical activity compared to unemployment, among both men and
women. Furthermore, based on longitudinal surveys and economic modeling of the data,
regular exercise has been associated with a 6% to 9% wage increase (Kosteas 2013).
Reducing sedentary behavior represents an important objective from a variety of
perspectives. It may be considered a shared objective among employers and employees, as
well as from the perspective of public health.

Characteristics of Worksite Interventions
Cross-sectional studies have documented the problems associated with sedentary
behavior and linked those to the worksite setting. However, changing the sedentary
behavior of the workforce may be considered a different task altogether. Attempts to reduce
sedentary behavior depend on a wide variety of factors, characteristics, and contexts related
to the worksite setting. As noted previously, the workplace has become increasingly
sedentary over the past five decades (Church et al. 2011). Furthermore, estimates indicate
that those in sedentary occupations are engaged in sedentary behavior for approximately 11
hours per day (Tudor-Locke et al. 2011). Hence, although ample evidence indicates the
need to reduce sedentary time, there does not appear to be much time left during the
remainder of the waking hours to increase physical activity.
Yet, the workplace provides many opportunities and great potential for health
improvement. As a complex social environment, the workplace allows many strategies to
be deployed for the purpose of reducing sedentary time. Employees may be reached for
extended periods of time with a high frequency of health-related interventions; multiple
tools, resources, and vehicles may be mobilized to increase awareness, change behaviors,
modify environments, and influence organizational policy; and companies may collaborate
with each other to influence broader social policy at a local, statewide, provincial, or
national level (Pronk 2009a; Pronk et al. 1999). Yet workplace health programs designed to
change behavior are not limited to those focused on physical activity or sedentary behavior.
In fact, systematic reviews have repeatedly shown that the most effective programs tend to
be multicomponent comprehensive programs that engage as many employees as possible
over extended periods of time (Pronk 2009a; Pronk et al. 1999; Goetzel and Pronk 2010;
Pronk and Goetzel 2010; Soler, Leeks, Razi, et al. 2010; Soler, Leeks, Buchanan, et al.
2010). Several benchmark studies and summary documents have derived a list of key
characteristics of health programs that are associated with effective workplace programs
and policies (O’Donnell 2002; Chapman 2004; Goetzel et al. 2007; Pronk 2009b; NIOSH
2008; Sparling 2010; Berry, Mirabito, and Baun 2011). Specific to the promotion of
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physical activity at the worksite, Pronk and Kottke (2009) applied various domains of the
socioecological model against the list of “Essential Elements of Effective Workplace
Programs and Policies for Improving Worker Health and Wellbeing” from the National
Institute for Occupational Safety and Health (NIOSH 2008) and presented examples from
the literature for each of the elements. As a result, this particular paper outlines evidencebased support related to physical activity interventions for each of the essential elements.
Whereas all these benchmark projects propose various lists of characteristics, there is
substantial overlap among them. In an attempt to consolidate, I (2009b) compiled all
original benchmark studies (O’Donnell 2002; Chapman 2004; Goetzel et al. 2007, NIOSH
2008) and organized them into a list of best-practice characteristics for employee health
management. The list recognized four major dimensions: leadership and strategy,
operations, evaluation, and integration and data practices. Under each dimension, key
components are outlined that, taken together, present a comprehensive, multicomponent list
of characteristics related to design features of successful worksite health programs.
Specifically, these features include the following:
• Leadership and strategy
• Organizational commitment
• Shared program ownership (leadership at all levels of the company)
• Identification of wellness champions
• Program connected to business objectives
• Supportive policy, physical, and cultural environment
• Operations
• Clearly defined plan of operations
• Effective communication
• Scalable, sustainable, and accessible programs
• Scalable and effective assessment, screening, and triage
• Effective interventions
• Meaningful participation incentives
• Evaluation
• Program measurement and evaluation
• Integration and data practices
•
•
•
•
•

Integration of program components at the point of implementation
Integration across multiple organizational functions and departments
Integrated data systems
Efficient and effective data practices
Relentless focus on safeguarding privacy and confidentiality of personal health
information

Therefore, a key consideration in the application of workplace interventions designed to
reduce sedentary behavior is the way in which such interventions fit into the larger health
improvement strategy for the company. It is important for any organization to consider this
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context and place intervention activities into a framework for action. One such framework
was proposed as part of the recommendations for a national physical activity plan for
business and industry and is organized according to relevance of the program to
stakeholders and across multiple levels of influence that align with the socioecological
model (Pronk 2009a). Figure 24.1 presents this framework as applied to reducing sedentary
behavior instead of promoting physical activity. In this framework, each cell may hold
specific interventions or implementation processes that, taken together, add up to the total
set of interventions. All these activities generate a certain set of experiences for the
audiences of those interventions or programs. Regardless of the type of program or
intervention, the experience of the user or consumer of that activity should be exceptional.
If not, those users may not readily return or continue to participate, and such poor
experiential outcomes may put the entire program in jeopardy or, at a minimum,
suboptimize outcomes. All experiences add up to participation and consumption of the
interventions and drive outcomes in multiple domains, including reduced sedentary
behavior, cost reduction, and productivity improvement.

Figure 24.1 A framework for action for reducing sedentary behavior in the
workplace.

Note: Adapted from Pronk 2009a.
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Applications of Worksite Interventions
Programs designed to reduce sedentary behavior at the workplace come in various forms.
By definition, sedentary behavior is characterized by minimal movement and an energy
expenditure level of less than 1.5 METs—primarily sitting behaviors that manifest
themselves in the context of work, such as sitting while commuting, doing computer work,
or conducting meetings. The minimum necessary requirement of such programs would be
to increase energy expenditure from less than 1.5 METs by introducing situations in which
workers expend more than 1.5 METs. Using this criterion, interventions that move workers
from a sitting into a standing, walking, or running position would meet the standard of
successful programs. Additionally, as outlined by Owen and colleagues (2010), Healy and
coworkers (2008), and Thorp and team (2012), the major culprit to be addressed is
prolonged sitting time. The goal is therefore to reduce sedentary behavior by breaking up
prolonged sitting time with periods of standing, walking, or running. As Ramazzini already
noted in the 1700s, standing too long is associated with its own set of health concerns.
A systematic review of workplace interventions for reducing sitting by Chau and
colleagues (2010) included studies up to April 2009 that specifically measured sitting as a
primary or secondary outcome and found only six studies that met criteria for inclusion. All
six studies had increasing physical activity as the primary aim and reducing sitting time as
the secondary outcome. No studies showed reductions in sitting time compared to a control
or comparison group. Barr-Anderson and coworkers (2011) conducted a systematic review
of short bouts of physical activity integrated into the organizational routine and included 12
studies in their search related to the worksite setting. This review indicated that short bouts
of physical activity tended to be around 10 to 15 minutes in duration. These programs were
structurally integrated into the workflow of the organizations and manifested themselves as
activity breaks during the workday or the promotion of stair use through changes in
building design. The studies considered the effects of these changes for an average of
approximately 10 months. Positive outcomes were noted across a variety of outcomes,
including employees feeling supported in their efforts to be more active and to eat more
healthfully, improved mood states, and improved psychosocial factors. Outcomes related to
employee performance were mixed. Work ability showed improvement (e.g., data entry
speed and accuracy), yet other studies showed no significant effects on worker productivity.
However, despite the fact that limited evidence exists of effectiveness of workplace
interventions designed to reduce (prolonged) sitting time (Chau et al. 2010), pilot and
small-scale studies have shown promising results. Feasibility studies among working and
nonworking populations (Gardiner et al. 2011; Kozey-Keadle et al. 2012; Thompson et al.
2008), exploratory research on policy development related to commuting to and from work
(Panter, Desousa, and Ogilvie 2013), and pre–post studies without comparison groups (e.g.,
Yancey et al. 2006) have emerged that indicate potential to create intervention programs
with reasonable likelihood for success or policies that may stimulate changes in worker
behaviors. In addition, studies have also been noted that test interventions that not only
focus on reducing prolonged sitting time, but include programmatic efforts to increase the
number of physical activity breaks in order to break up the prolonged sedentary situation
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(Galinsky et al. 2000). Not all such studies are explicit in their attempt to reduce sedentary
behavior; instead, they position their intervention so as to increase or stimulate more
physical activity. However, in so doing, they pursue a goal that breaks up sedentary time or
reduces prolonged sitting time. Table 24.1 provides a summary of studies that have emerged
in the literature that have ideas consistent with the intent of this chapter, and are appropriate
to consider for further study and application. Although this summary is not intended to be
an exhaustive review of the literature, it does provide a useful insight into the state of the
field in terms of research and promising practices.

Table 24.1 Description of Interventions for Reducing Sedentary Behavior in
the Workplace
Group

Intervention Study design

Results

Alkhajah et Sit-to-stand
al. 2012
workstation

Quasiexperimental design The intervention group reduced
with comparison group
sitting time and increased HDL
cholesterol.

Balci and
Aghazadeh
2003

PA breaks

RCT with 3 intervention
groups; no control (60
min work/10 min rest, 30
min work/5 min rest, and
15 min work/micro
breaks)

The 15 min work/micro break
schedule resulted in significantly
lower discomfort in the neck, lower back, and chest than the other
schedules.

Dishman et
al. 2009

PA breaks,
pedometer,
organizational support

Cluster RCT; a grouprandomized 12-week intervention consisting of
organizational action and
personal and team goalsetting

The proportion of participants
who met recommendations for
physical activity increased to 51%
at intervention sites compared to
no change at control sites.

Evans et al. Prompting
2012
software

RCT; education group
compared to education
plus prompting software
to take breaks from prolonged sitting

Prompted group reduced (improved) number and duration of
sitting events that were greater
than 30 min.

Galinsky et
al. 2000

Experimental design;
comparing two rest break
schedules—2 × 15
min/day and same plus

Increased use of breaks for the
supplementary breaks group reduced discomfort in forearm,
wrist, and hand and reduced eye-

PA breaks
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supplementary short 5
strain. No differences were noted
min breaks for every hour in productivity and accuracy.
without a break
Galinsky et
al. 2007

PA breaks

Gilson et al. Standing
2012
desk

RCT; one stretching group Discomfort, eyestrain, and dataand a no stretching (con- entry speed were significantly imtrol) group
proved with supplementary
breaks.
Single group, repeated
measures

Desk use did not alter overall sedentary work time in this sample.

John et al.
2011

Treadmill
Single-group, repeated
workstations measures trial

Significant increases were seen in
the median standing and stepping
time and total steps/day.

John et al.
2009

Treadmill
Counterbalanced, within
workstations subjects’ design; seated
and walking conditions on
2 separate days

Compared with the seated condition, treadmill walking caused a
6–11% decrease in measures of
fine motor skills and math problem solving, but did not affect selective attention and processing
speed or reading comprehension.

McLean et
al. 2001

PA breaks
Experimental study; 3
with softrandomly assigned
ware prompt groups: microbreaks at
own discretion, every 20
min or every 40 min

All conditions showed positive effect on reducing discomfort; the
condition with microbreaks every
20 min showed best results.

Nicoll and
Zimring
2009

Stairwell
walking and
skip-stop elevators

The skip-stop elevator was used
33 times more than the enclosed
stair of the traditional elevator
core, with 72% of survey participants reporting daily stair use.

Pronk et al.
1995

PA breaks,
Pre–post with comparison
exercises, or- pilot groups and all-popuganizational lation main study
support

Controlled trial; use of
and attitude toward stairs
in an office building
where the main elevators
stop only at every third
floor (“skip-stop” elevators)

Flexibility and mood showed
modest improvements following
the implementation of a plantwide 10 min daily flexibility and
strength program.
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Pronk et al.
2012

Sit-to-stand
workstation

2-group pre–post compar- Reduced time spent sitting, reison interrupted time ser- duced upper back and neck pain,
ies study
and improved mood states. Removal of the device largely negated all observed improvements
within 2 weeks.

Robertson, Sit-to-stand
Ciriello, and workstations
Garabet
2013

RCT; 8 hr per day over 15
days, assigned to ergonomics trained or comparison group

The ability to mitigate symptoms,
change behaviors, and enhance
performance through training
combined with a sit-to-stand
workstation had implications for
preventing discomforts in office
workers.

Roelofs and Sit-to-stand
Straker 2002 vs. just sit
and just
stand workstations

Field study among bank
tellers; sit-to-stand condition required alternating
between sitting and standing every 30 min. All participants worked in each
of the three conditions for
1 day.

Musculoskeletal discomfort outcomes were measured. The sit-tostand alternating condition reported the least discomfort and was favored by 70% of participants.

HDL = high-density lipoprotein cholesterol PA = physical activity, RCT = randomized
controlled trial.
Results of this summary of studies indicated that short breaks in the sedentary work
routine that last about 10 to 15 minutes each can bring about significant short- and longerterm improvements in a variety of outcomes that reflect how employees feel, how they view
their employer regarding the support they receive to be healthy, and several indicators of
physical fitness (e.g., hand strength, flexibility, eyestrain). Sit-to-stand workstations are a
promising practice solution to breaking up prolonged sitting time, since several studies have
reported decreased sitting time, improved work performance, improved mood states, and
slight improvements in blood lipid profiles. On average, it appears that sit-to-stand desks
can reduce sitting time by 1 to 3 hours per day. Standing desks, facilitating a standing
workstation by use of a motorized option to raise or lower the desk when desired, did not
see an overall reduction in sitting time. Treadmill workstations represent another promising
practice because they appear to be effective in increasing overall energy expenditure and
therefore reducing sedentary behavior, although decreases in fine motor skills while on the
treadmill were noted as well. Prompting software installed on work computers to remind
workers to stand up periodically appears to be effective as well.
However, little is known about long-term health and worker performance effects of
continued use of the various options to reduce prolonged sitting time. In addition, most
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studies tend to have small sample sizes. More rigorous methods are warranted in order to
generate more robust conclusions.

Practical Approaches
In a typical day, after a good night’s rest, many workers get up only to sit back down for
breakfast, sit in their car to drive to work, sit at the computer at work in the morning, sit for
lunch, sit at the computer for work in the afternoon, sit in their car to drive home, sit at the
table for dinner, and sit on the couch to watch television in the evening. Even after
including a 30- to 45-minute exercise session to ensure they meet guidelines for physical
activity (Physical Activity Guidelines Advisory Committee 2008), it may be impossible to
offset the negative influence of so much sitting time throughout the course of the day
(Owen et al. 2010). Given that much of people’s daily time is spent at work, designing
interventions to counteract the negative effect on health of too much sitting at the workplace
makes good sense (Pronk and Kottke 2009; Pronk 2009a; Pronk 2010).
The workplace is a complex social system. Prolonged sitting time is a result of not only
the specific job task an employee is engaged in, but also the net effect of the multiple
interactive relationships among the working conditions at the workplace, the design of the
workstations, organizational policies, operational systems, individual employee’s beliefs
and behaviors, and leadership engagement, as well as the social norms and corporate culture
that shape the way of doing things at the workplace. As a result, interventions designed to
reduce sedentary behavior in general and prolonged sitting time in particular need to fit the
local, site-specific situation and be supported with company-wide policies and
organizational culture.
In order to implement a successful effort to reduce sedentary behavior at the workplace,
it behooves any company to treat the program as a strategic business priority (Pronk and
Kottke 2009). As such, the business case for implementation of programs to reduce
sedentary behavior needs to go beyond health alone and include operational efficiency,
quality, worker productivity and performance, human resource management, safety, cost
reduction, cultural fit, and other factors that are valued by any given company (Pronk
2009a, 2009b). To support efforts such as these, the framework presented in figure 24.1 is
intended to help organize tactics according to the level at which they influence to outcomes
and the relevance they have to the key stakeholders involved, principally the employer and
the employee. In addition to the framework, other practical guidelines are included in the
highlighted box.
\qqBegin special element\

Employer Guidance to Reduce Sedentary Behavior
• Comprehensive programming. Include the specific strategies for reducing sedentary
behavior as part of the overall approach to worksite health at the company (Pronk
2009b).
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• Collaborative approach. Using a participatory collaborative approach that includes
employees in the process may enhance acceptability of the program (e.g., microbreaks,
sit-to-stand workstations) and provide individual workers with a sense of control over
the choices they have available to them.
• Integration. Connect and integrate the program into organizational structures and
product-specific processes and explicitly link to the mission of the company (Pronk
2009b; Carnethon et al. 2009).
• Intervention strategies. Use a variety of strategies and tactics to achieve the objectives:
• Ongoing communication to ensure awareness
• Behavior modification strategies
• Meaningful incentives
• Behavioral economics
• Prompting and reminder systems
• Self-monitoring
• Health coaching
• Web portal and access to online resources
• Social support
• Supportive organizational policy
• Supportive physical, social, and economic environments
• Education and skill development
• Training
• Multimodal delivery. Provide a variety of ways in which the intervention may be
delivered. In many cases, the optimal delivery represents multiple options provided
simultaneously:
• Organizational policy
• Modifications in the physical (built) and social environment
• Group based, onsite
• Telephonic
• Internet based
• Evaluation. Use a practical evaluation model that will allow for data to be reported to
management and improvement of the program based on experience (Langley et al.
2009):
•
•
•
•

Plan-Do-Check-Act (PDCA) cycles
Continuous quality improvement (CQI)
Rapid cycle improvement models
Action research spirals

\qqEnd special element\
Additional useful guidance is presented by other organizations as well. For example, the
Centers for Disease Control and Prevention (CDC), NIOSH, the World Health Organization
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(WHO), and the International Association for Worksite Health Promotion (IAWHP)
represent organizations and associations that provide ongoing support for practitioners and
employers related to these issues. The CDC and NIOSH provide guidance through the Total
Worker Health program (see www.cdc.gov/niosh/twh) and their essential elements list,
described previously (Pronk and Kottke 2009; NIOSH 2008). The WHO has introduced a
healthy workplace model that integrates health improvement and safety activities in an
improvement model (see www.who.int/occupational_health/en) and provides robust
guidance to support it. Finally, the IAWHP (see www.iawhp.org) has endorsed the WHO
healthy workplace model and provides worldwide support for worksite health promotion
practitioners (Pronk 2011).

Summary
This chapter presents an overview of the opportunity the workplace provides for reducing
overall sedentary behavior and outlines several strategies that have emerged from the
literature related to this potential. It is clear from cross-sectional studies that sedentary
behavior has detrimental effects on health and that prolonged sitting time at work is a major
determinant of overall sedentary time. Intervention studies specifically designed to reduce
sitting time at work have only recently begun to emerge from the literature. Interventions,
such as physical activity microbreaks, stair walking, sit-to-stand devices, treadmill
workstations, and software that prompts workers to stand up every so often, may be
promising practices. This emerging field of study is in need of additional high-quality
research and appears to be poised for growth in the coming years.
\qqBegin special element\

Key Concepts
• Complex social system: Future research and practice initiatives need to recognize the
workplace as a complex social system and recognize the importance of operating at
multiple levels of influence and with efforts that are relevant to the stakeholders
involved.
• Employee health management best-practice characteristics: Elements and factors
related to highly successful programs that may be highlighted for use in programs
designed to not only effectively reduce sedentary time but also fit well in the workplace
setting.
• Microbreaks: Short breaks from sitting that occur throughout the day and effectively
break up prolonged periods of sitting.
• Promising practices: Programs designed to reduce sedentary behavior and prolonged
sitting time at work show promise but are in need of additional research.
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• Workplace setting: The workplace represents an important venue for interventions
designed to reduce sedentary behavior.

Study Questions
1. Name two historical sources that noted the effect of sedentary work tasks on worker
health.
2. By how much has the average energy expenditure of occupational physical activity
reduced over the past 50 years?
3. By how much have sit-to-stand desks been shown to reduce daily sitting time?
4. Name four practical considerations for the successful implementation of programs
designed to reduce sedentary behavior in the workplace.
5. Name three organizations that provide ongoing support for workplace health
promotion services and practitioners.
\qqEnd special element\
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Chapter 25
Community-Based
Interventions
Adrian Bauman, MD, MPH, PhD; and Josephine Y. Chau, PhD, MPH
\qqBegin special element\
The reader will gain an overview of the characteristics and approaches to communitybased interventions targeting sedentary behavior. By the end of this chapter, the reader
should be able to do the following:
• Identify the characteristics of community-based interventions that are effective for
reducing sedentary behavior
• Understand the settings and approaches for community interventions for reducing
sedentary time
• Provide a framework for sedentary behavior interventions in community settings
• Identify the characteristics of and evidence for community-based interventions for
reducing sedentary behavior
• Understand the strengths and limitations of current community-based sedentary behavior
interventions
• Provide future research directions
\qqEnd special element\
The concept of community settings for healthy lifestyle interventions arose in the 1980s
in response to the mostly clinical settings in which preventive programs were delivered.
The need for extending preventive programs into community settings was based on the need
to increase population reach beyond that achieved through clinical settings alone. The
concept of community interventions was sometimes divided into community-wide settings
that targeted a whole population and community-based settings that focused on a particular
population group or specific setting, such as a single school or a workplace. In this chapter,
we combine these uses into the term community-level intervention and propose a definition
that includes any settings outside of the workplace or clinical context.
Many sedentary behavior (SB) interventions target the workplace (see chapter 24), but
this chapter considers preventive settings outside the workplace, such as schools,
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community centers, and whole communities, as well as interventions that target specific
population subgroups. In this chapter we include primary care or other community locations
as non-workplace settings. Community interventions are further divided into those for
adults and those targeting children and adolescents. This is because the determinants and
settings for SB are different for children and adolescents than adults, particularly screen
time during leisure and passive commuting time.
An approach to behavioral interventions can be adapted from the CDC community guide
to physical activity interventions (Kahn 2002) and applied to SB interventions. In this
chapter we used this guide to classify interventions, three of which are relevant to
community SB interventions:
• Informational approaches to change individual or community knowledge and attitudes
about the potential health consequences of sedentary behavior. Informational approaches
provide education to children, parents, and clinicians about the potential benefits of
reducing sedentary behavior (typically time spent watching TV, videos, or DVDS and
using the computer or playing video games). Typically, these are in the context of
interventions that encourage spending less time in SB and more time on physical
activity.
• Behavioral and social approaches to teach the skills needed for adopting and managing
behavior change (i.e., reducing SB). These theory-based programs include selfregulation and social cognitive theory approaches to restricting SB time as well as peerled interventions and modeling to encourage behavior change.
• Environmental and policy approaches to changing physical and organizational
environments to reduce sedentary behavior or decrease barriers to being sedentary (see
chapter 23).
Interventions may use single strategies or include multiple intervention components in
efforts to reduce sedentary behavior. Further, many SB interventions are not specific to
sedentary behavior. Rather, they are primarily physical activity or obesity interventions with
intervention elements and outcome measures specific to SBs. To date, community
interventions have rarely focused exclusively on SB reduction.

Framework for Assessing Sedentary Behavior–
Reducing Interventions
A logical, linear framework for interventions is often proposed using a socioecological
model. A linear framework for developing interventions for reducing SB includes evidence
generation, descriptive studies, efficacy studies, and policy responses. Figure 25.1 shows
this linear model, which has particular relevance to community interventions (but also
applies to workplace interventions). A public health framework suggests that assembling
the evidence for health effects of a behavior should be the first step, followed by
understanding the magnitude of the problem in populations (steps 1 and 2) and then
conducting intervention testing (done by researchers). Because of the nature of funded
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research, these are usually efficacy or effectiveness studies that focus on the achievement of
reductions in sitting behaviors (step 3). Most interventions assess either physical activity or
obesity rather than SB. Among children, SB reduction is often secondary to obesity
prevention interventions. In the published research to date among adults, sedentary behavior
is often explored as a secondary outcome within physical activity interventions. This means
that limited data exist on primary SB interventions, making it difficult to discern true
efficacy.

Figure 25.1 A conceptual framework for interventions for reducing SB.

A major concern is that evidence from efficacy studies (step 3) is often considered to be
directly relevant to policy makers, who review the intervention evidence to date and build
policy responses in terms of considering adapting interventions for reducing sitting time at a
much larger scale than tested in the evidence-generating efficacy interventions and trials
(step 4). An additional stage, translational formative research, is seldom funded or
conducted (O’Hara 2014), although it should follow efficacy studies (step 3a). This kind of
research is essential for research translation, and would assess the feasibility of SB
interventions to be scaled up and to achieve high population reach if generalized to settings
beyond the efficacy trial. In addition, elements of any diffusion process are relevant to
scaling up SB interventions into wider community settings, including affordable costs,
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acceptability, trialability (Rogers 2002), and long-term maintenance of SB by incorporating
nonsitting behaviors into healthy lifestyles.
The relevance of this conceptual framework is to guide understanding of current research
and guide future research into reducing SB in communities. Most of the published literature
available for review is of efficacy testing in nature (step 3), namely studies to assess the
effects of interventions on SBs. A minimal amount of formative research exists (step 3a) to
inform scaled-up public health practice in this area. There is also the assumption of
temporal sequence in public health actions (linearity), with intervention studies presumed to
follow from epidemiologic evidence sufficient for characterizing risk and prevalence
research sufficient for characterizing the population of the behavior in question. In practice,
this seldom occurs, since intervention studies are developed concurrently with the evidence.
In the absence of public health scaling-up exemplars, the literature reviewed in this chapter
is mostly of the typology expressed in step 3.

Evaluating Community-Based Interventions
Several reviews have been published on the effects of interventions for reducing SBs,
especially for children. The number of reviews is almost as great as the number of primary
studies. Review papers identified some of the same intervention studies, but curiously, even
accounting for literature searches carried out on the same time period, around a quarter of
studies differed from review to review.
Only two reviews of adult SB interventions were located, one specifically for worksite
studies (Chau et al. 2010) and one for more generic interventions (Owen 2011). The latter
review located two intervention studies, one in the community that was targeted at reducing
television time (Otten et al. 2009) and the other in workplaces. The community-based
intervention for reducing television time was a small randomized control trial (RCT) that
sampled only 36 overweight and obese adults and used an electronic lockout to restrict
television time as one of the intervention outcomes (Otten et al. 2009).
Several reviews have assessed programs for reducing television time among children and
adolescents. These interventions were carried out in domestic settings or as communitybased or school interventions. Many reported weight or obesity prevention as the primary
outcome measure and assessed the outcomes of reduced SB only as secondary variables in
the context of an obesity prevention program.
One of the earlier reviews, done by Kamath and colleagues (2008), provided quantitative
estimates of the effect size and concluded from 10 reports that the mean effect size (ES)
was −0.29 (p < 0.01), indicating that interventions showed small to moderate effects in
reducing SB. In a narrative review, DeMattia, Lemont, and Meurer (2007) reported that 6 of
7 studies had reduced SB and that all reduced weight or body mass index (BMI). A contrary
conclusion was reported by Salmon and colleagues (2011), who assessed the potential for
interventions to reduce SB among young people. This narrative review concluded that “few
recent studies aiming to reduce TV viewing or sedentary time among young people have
been successful” (page 197),with very limited evidence for the success of interventions in

524

reducing total sedentary time. Salmon and colleagues identified that four previous reviews
had been carried out, nearly as many as primary studies.
Biddle and others (2011) reported on a meta-analysis of 17 trials for reducing SB among
children or adolescents. They reported a different effect size metric, Hedges g coefficient,
as −0.192 (p < 0.01), indicating that on average, reduction in SBs was one-fifth of a
standard deviation greater in intervention compared to control groups. Although this overall
ES was small, only 2 of the 17 studies did not show any effect at all. There was a greater ES
for community-based interventions (−0.61) and for short-term SB outcomes, but effects did
not differ on whether the interventions were theory based. The small but consistent overall
ES suggests program efficacy, but the review further noted that sedentary behavior might be
resistant to change and that types of SB are maintained due to their strong cues and
behavioral reinforcers (Biddle et al. 2011). The review also noted the lack of process
evaluation measures in that studies did not assess program delivery fidelity or behavioral
maintenance of nonsedentary behavioral choices.
Campbell and Hesketh (2007) assessed interventions focusing on children aged 0 to 5
years and found nine studies in community and primary care settings. These studies mostly
addressed obesity prevention, but most showed some level of effectiveness in obesity
prevention behavior (change), including reducing sedentary behaviors.
Wahi and colleagues (2011) examined interventions for reducing screen time in children
as part of obesity prevention trials. The mean sample size in these studies was 90
participants. Outcomes were BMI and screen time, and studies were reported up to 2011
and among children younger than 18 years. Thirteen studies were located from school and
community settings, but only six were suitable for meta-analysis. The mean BMI reduction
was 0.1 (not significant) greater in intervention than control children. From nine studies that
assessed SB, half the studies showed some decline but half did not. Overall, no significant
difference in SB reduction was noted between intervention and controls; a small effect was
seen when the analysis was confined to preschool age children (a reduction of 3.7 hr/week
more in the intervention children, p = 0.04). The review concluded that despite enthusiasm
in the literature, no clear evidence existed to demonstrate effective interventions for
decreasing SB in studies targeting SB reduction as a strategy for preventing childhood
obesity.
Leung and team (2012) carried out a narrative review of interventions for reducing SB
and childhood obesity among school-aged children. They located 12 studies with a primary
outcome of reducing SB and identified methodological issues including design and
measurement limitations. The chosen studies largely overlapped with those in the review by
Wahi and colleagues (2011). Their qualitative conclusion was that interventions focusing on
SBs tended to show decreases in SB time, but they did not provide quantitative estimates.
The variation in studies chosen and in conclusions reached is interesting, since although
these literature reviews were usually systematic, they reached somewhat different
conclusions. Different summary metrics were reported, so that effects are not directly
comparable. The broader conclusions also differed among review papers, with some citing
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clear evidence of small to moderate effects and others deeming the evidence to be
inconclusive.
In order to review primary community intervention studies in this field, the next section
describes individual studies. This will add to an understanding of the strengths and
limitations of the field of community interventions for reducing SBs. We identified specific
community-based intervention studies in the past decade that reported a clear SB
intervention component and a measured SB outcome. Our approach to study identification
was systematic, but we did not explore all possible databases. The aim was to provide a
range of illustrative examples of informational, behavioral, and environmental interventions
that attempted to reduce SB time among adults and children.

Community Interventions Among Adults
The studies in the first section of table 25.1 illustrate interventions with SB outcomes
assessed in adults. Six studies with outcomes for adults were noted, although some were
family interventions that reported outcomes for their children as well. An example of this
was the study by Sepulveda and others (2010), which showed small but significant
decreases in daily screen time for both parents and children. The intervention illustrates the
principles of behavioral economics and was a financial reinforcement trial based around
healthy lifestyle changes at the family level. Generalizability is partly addressed in this
study, since half of those eligible from the large workforce participated in the study. A
similar family study was reported by French and colleagues (2011) in Minnesota, who saw
household TV time decreasing in intervention compared to control families. Reported
television reductions were apparent for parents but not for adolescent children. Of these six
interventions, three were focused on individual behavior change and one on environment or
policy changes, and two used multicomponent strategies. The two multicomponent
approaches were comprehensive community interventions. A Belgian study called 10,000
Steps Ghent primarily targeted physical activity behavior and had SB as a secondary
outcome (de Cocker et al. 2008). This multistrategy intervention included a SB component
and showed small decreases in total sitting time in the intervention community and no
change in the control town. This difference was significant for weekday and weekend total
sitting time. Another community intervention in Scotland that primarily targeted walking
(Fitzsimons et al. 2012) showed that reported sitting declined substantially more among
intervention group participants.

Table 25.1 Adult-Focused Community-Based Interventions
SB outcome

Intervention

Results

<tsp>Sepúlveda et al. 2010: IBM’s Children’s Health Rebate program, United States (pre–
post study)
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Daily screen
time (exposure to
electronic entertainment modes)

Cash incentive ($150) given to
parents to complete 12-week
Internet-delivered program targeting self-selected activities
in family food planning and
meals, family PA, and screen
time (electronic entertainment)

Significant increase in proportion of
children and adults reaching target of
<1 hr/day screen time
Children: 22.4% at baseline, 30.7% at
follow-up, p < 0.001
Adults: 18.1% at baseline, 24.2% at
follow-up, p < 0.001

<tsp>Goldfinger et al. 2008: Project HEAL: Healthy Eating, Active Lifestyles, United
States (pre–post study)
Time spent
watching TV,
videos, and
DVDs (sedentary
time)

Modified version of Stanford
University chronic disease
self-management program for
use with local community; included weekly action plans,
group feedback, support for
change, and modeling of selfmanagement and problem
solving

Baseline mean sedentary time: 5.4
hr/day
At 10 weeks, mean sedentary time 4.1
hr/day (Δ: p = 0.034)
At 22 weeks, mean sedentary time 4.5
hr/day (Δ: p = 0.246)
At 1 year, mean sedentary time 2.5
hr/day (Δ: p < 0.001)

<tsp>De Cocker et al. 2008: 10,000 Steps Ghent, Belgium (quasiexperimental, pre–post
study)
Total sitting time Campaign promoting pedome(IPAQ),
ter use and 10,000 steps per
sitting for trans- day, incidental activity, and
MVPA; used local media camport (IPAQ)
paign, website, workplace
projects, projects for older
adults, and environmental
(street signs with number of
steps, walking in parks)

Daily sitting time: Ix group showed
nonsignificant decrease in sitting time
(396 min baseline) to follow-up (384
min) (Δ: −12 min; 95% CI: −24, 0); Cx
nonsignificant increase from baseline
(378 min) to follow-up (396 min) (Δ:
+18 min; 95% CI: 0, 24); overall significant intervention effect (F = 9.5, p =
0.002).
Weekday sitting time: Ix showed nonsignificant decrease (baseline 378 to
follow-up 366 min/day (Δ: −12 min;
95% CI: −24, 0), while Cx no change
from baseline (354 to follow-up 360
min); overall significant intervention
effect (F = 4.1, p = 0.044).
Weekend sitting time: Ix community
no change in sitting time baseline 294
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to follow-up 288 min); Cx showed a
significant increase baseline 276 to follow-up 312 min; overall significant intervention effect (F = 17.7, p < 0.001).
Sitting for transport: No significant
intervention effect (F = 1.2, p = 0.265)
<tsp>French et al. 2011: Take Action, United States (RCT)
TV-viewing time
(hr of TV viewing and computer
use)

6 monthly face-to-face group
sessions related to weight control; placement of time-limiting devices on all home TVs;
behavioral strategies (goal setting, self-monitoring); 12
home-based activities to reinforce behavioral messages (incentive provided for each activity completed, e.g., gift
cards). Delivered face to face
and via telephone and monthly
newsletters.

TV-viewing time significantly declined
among Ix households (from 2.82 to
1.70 hr/day) compared to Cx (from 2.67
to 2.04 hr/day) (Ix effect: p = 0.03)
Significant reductions in “TV being on
most of the time” among Ix households
(both adults and adolescents) compared
to Cx (both p < 0.0001).
Proportion of participants indicating
that “TV is usually on during meals”
decreased for adults but not adolescents
in Ix compared to Cx.
Ix adults: from 52.1% to 29.2%; Cx
adults: from 43.7% to 42.8% (p = 0.02);
Ix adolescents: from 59.8% to 36.8%;
Cx adolescents: from 45.2% to 46.0%
(p = 0.23)

<tsp>Anand et al. 2007: SHARE-AP ACTION, Canada (RCT)
Screen time (TV, SHARE-ACTION program;
video games,
regular home visits by Abocomputer use)
riginal health counselors to assess and set diet and PA goals
for each household member;
individual and household targets

No significant difference in the change
in screen time for Ix compared with Cx
(p = 0.69). Ix group (from 3.7 to 3.1 hr/
day; change: −0.6) versus Cx group
(from 3.5 to 3.4 hr/day; change −0.1).

<tsp>Fitzsimons et al. 2012: Walking for Wellbeing in the West, Scotland (RCT)
Total sitting time Pedometer-based walking pro- Overall significant interaction effect for
(IPAQ)
gram plus PA consultations
weekday sitting time (F = 4.16; p <
0.05). Post hoc significant differences
between groups across time points.
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Preintervention to week 12 (p =
0.035, d = 0.48): Ix (mean change:
−325.00 min) and Cx group (mean
change: −36.25 min)
Week 24 to week 48 (p = 0.042, d =
0.47): Ix (Δ 44.6 min) and Cx (Δ 27.0
min)
Overall significant main effect for time
for weekday sitting (p < 0.05).
Significant decrease between baseline
(mean = 615.70) and 12 weeks (mean =
505.8 min, p = 0.030, d = 0.35) and between baseline and 24 weeks (p =
0.030, d = 0.19).
Overall significant interaction effect
found for total sitting time (p < 0.05).
Preintervention to week 12 (p =
0.046, d = 0.46): Ix (Δ: −451.1 min);
Cx (Δ: −130.2 min)
Ix = intervention, Cx = control, PA = physical activity, RCT = randomized control trial
A church-based peer-education program for obese adults was reported by Goldfinger and
colleagues (2008). This small single-group study showed significant and maintained
reductions in screen time following the program. The project was theory based around
social cognitive principles and individual behavior change. By contrast, an intervention
among Canadian Aboriginal families targeted diet and physical activity with a behavior
change program and showed no difference in screen time among intervention families
(Anand et al. 2007).

Community Interventions Among Children and
Adolescents
The interventions for children covered all three areas of intervention: behavior change,
organizational change, and environment change strategies. Only one study used information
alone, 11 focused on individual behavior change strategies, and 5 reported multicomponent
interventions. Environmental approaches are beyond the scope of this section, but are
described elsewhere (chapter 23).
Two studies focused on community-based interventions (see table 25.2). Cong and
colleagues (2012) carried out a large study of Hispanic families in Texas and developed a
multicomponent intervention addressing active living. Children in the intervention families
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showed a significant decline in screen time compared to controls, especially among girls,
but the intervention effect waned after the 4-month follow-up. Another family study
described by Ford and others (2002) was delivered through an urban community clinic and
provided brief counseling about SB. Children’s and household TV time were not
significantly changed by the intervention.

Table 25.2 Youth-Focused Community-Based Interventions
SB outcome

Intervention

Results

<tsp>Cong et al. 2012: Transformacion Para Salud, United States (quasiexperimental pre–
post study)
Parent-reported
screen time (TV,
DVD, computer,
Internet, and video games)

Modified school curriculum
(martial arts, gardening); resources (worksheets, newsletters) provided to children,
parents, schools, and community (family fun nights,
home visits for overweight/
obese children from trained
health services staff who
provided individualized education and social support)

Children in Ix showed significantly reduced hours of screen time per day (p <
0.05).
Children in Cx showed no change over
study period (p > 0.05).
Children with parental support had lower
screen time (p < 0.05).
Girls were less sedentary than boys at
baseline but their screen time was less influenced by parental support than boys
were (p < 0.05).
Intervention effects diminished over time;
screen time decreased from 4th to 12th
month, increased from 12th to 22nd
month.

<tsp>Ford et al. 2002: United States (RCT)
BC provided (5-10 min)
about potential problems associated with excessive media use, discussion on how
to set TV budgets, plus
Days eating
breakfast and din- electronic TV time manager
ner with the TV
on

Time spent
watching TV and
videos and playing games

No difference found between groups in
weekly TV, video and video game use pre
to post.
B: −13.7 ± 26.1 hr/week; BC: −14.1 ±
16.8 hr/week, p = 0.71.
No difference found between groups in
overall household TV use, B: −3.4 ± 6.8
hr/week, BC: −2.0 ± 7.5 hr/week, p =
0.57.
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No difference found between groups in
number of days of breakfast with TV on.
B: −1.7 ± 2.6 days, BC: −1.1 ± 1.9 days, p
= 0.52.
No difference found between groups in
number of days of dinner with TV on.
B: −1.4 ± 2.7 days, BC: −0.4 ± 1.6 days, p
= 0.29.
B = behavioral, BC = brief counseling, Ix = intervention, Cx = control, RCT =
randomized control trial
Some studies primarily targeted childhood obesity (see table 25.3), but used SB as part of
the program delivery and measured it as a secondary outcome. Shrewsbury and colleagues
(2011) examined adolescents attending a community obesity clinic and delivered a theorybased behavior change program; this resulted in a decline in the absolute number of SB
minutes but no change in the proportion who achieved the guideline, less than 2 hours of
leisure-based screen time daily. In a subsequent report from the same study, Nguyen and
others (2012) examined 12-month outcomes and noted a reduction in screen time of 0.8
hours per day. Faith and team (2001) reported on a small study of obese children that used
cycle-powered television watching; this behaviorally reinforcing intervention lowered TV
time and increased physical activity. Sacher and coworkers (2010) reported on the MEND
trial with obese children and showed a sizeable reduction of around 50 fewer minutes of SB
time per day among intervention participants compared to controls. Foster and colleagues
(2008) also reported an obesity prevention trial with a small effect on screen time.
In the 5-4-3-2-1 Go! intervention, pediatric residents received brief training to deliver a
childhood obesity prevention intervention to patients they saw in routine care (Stahl et al.
2011). This was an information-only intervention that targeted health professionals.
Awareness of the guidelines of 2 hours per day for SB in children increased among doctors
who were trained. At a 6-month follow-up, a significantly greater proportion of patients in
the intervention group reported TV viewing of less than 2 hours per day compared to
patients of control doctors (36% versus 24%, p < 0.01).

Table 25.3 Youth-Focused Interventions Targeting Obesity
SB outcome

Intervention

Results

<tsp>Shrewsbury et al. 2011: The Loozit Study (2-month outcomes), Australia (pre–post
study)

531

Screen and
nonscreen SB
(Children’s
Leisure Activities Study Survey)

Low- to moderate-intensity (1 contact per week) community-based
lifestyle program given to both
arms of RCT; delivered separately
for adolescents and their parents/
carers.

No change in % adolescents with ≥2
hr/day of screen-based leisure time
(i.e., exceed guidelines): n = 82, 28%
at baseline, 32% at 2 months, p =
0.664.
Total SB time significantly decreased: n = 82, from baseline mean
39.7 min to 2 months 34 min; p =
0.004.
Screen-based leisure time significantly decreased: from baseline 22.4 min
to 2 months 19.9 min; p = 0.04:
TV/video/DVD time significantly decreased: from baseline 14.0 min to 2
month mean 11.9 min; p = 0.02.
No change found in time spent using
computer or time spent playing electronic games.
Non-screen-based SB significantly
decreased: from baseline 17.3 min to
2 months mean 14.1; p = 0.009:

<tsp>Nguyen et al. 2012: The Loozit Study (12)month outcomes), Australia (RCT)
Screen time

Significant reductions in screen time
Lifestyle modification, behavior
change focusing on self-efficacy,
at 12 months: geometric mean −0.8
motivation, perseverance, and self- hr; p = 0.045.
regulation related to diet and PA.
Significant reductions in TV viewing:
RCT group 1: booster group ses- geometric mean −0.8 hr, p = 0.02.
sion every 3 months from 2 months
No significant group × time interacto 24 months
tions.
RCT group 2: booster group sessions plus additional telephone
coaching, mobile phone text messages, and e-mail messages

Additional telephone and electronic
contact provided no extra benefit at
12 months.

<tsp>Sacher et al. 2010: Mind, Exercise, Nutrition, Do it (MEND) Program, UK (RCT)
Time in SB
Parents and children attended 18
(TV, computer) group educational (nutrition, PA,
inactivity) and PA sessions 2× per

At 6 months, SB time significantly
decreased: Ix mean 15.9 hr/week ver-
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week in sports centers and schools, sus Cx mean 21.7 hr/week; Δ: −5.1
given 12-week free family swim- hr/week, p = 0.01
ming pass.
Analyses Ix children only: no change
from 0-12 months in sedentary time;
Δ: −2.0 hr/week, p = 0.10
<tsp>Stahl et al. 2011: 5-4-3-2-1 Go!, United States (quasiexperimental pre–post study)
Screen time

Brief training for pediatric residents to deliver behavioral intervention during clinical care for
childhood obesity prevention. Residents completed brief online training program (<60 min) and their
patients received intervention. SBrelated component: decrease TVviewing time.

Residents’ knowledge of screen time
guideline (<2 hr/day) improved significantly pre to post training (38% at
pre vs. 96% at post, p < 0.0001).
TV viewing decreased significantly
in Ix group patients vs. Cx (36% vs.
24%, p < 0.01).

<tsp>Faith et al. 2001: United States (randomized pre–post study)
TV-viewing
time

Ix participants given TV powered
by pedaling stationary cycle ergometer.
Cx participants given stationary cycle, but TV power not contingent
on pedaling.

Over 10-week intervention phase, TV
viewing in Ix group was significantly
lower than in Cx group (1.6 hr/week
vs. 2.1 hr/week; p = 0.006).

<tsp>Foster et al. 2008: School Nutrition Policy Initiative, United States (RCT)
Time spent
watching TV,
videos

Schools implemented the School
Nutrition Policy Initiative; components include school self-assessment, staff training, nutrition education, nutrition policy, social marketing, and parent outreach. SB-related aspect included education and
family outreach on being less sedentary (≤2 hr/day of TV, video
games).

At follow-up, TV hr/day significantly
lower in Ix (2.92 hr/weekday at baseline, 2.89 hr/weekday at 2 years)
compared to Cx (2.81 hr/weekday at
baseline, 3.02 hr/weekday at 2 years);
adjusted odds ratio showed Ix group
had 5% less likelihood of TV watching on weekdays, but no significant
differences found on TV viewing on
weekend.

Ix = intervention, Cx = control, PA = physical activity, RCT = randomized control trial
School-based studies formed the largest group of interventions (see table 25.4). Robinson
(1999) described an elementary school intervention in California that used behavior change
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approaches of self-regulation and showed a marked decline in TV time compared to
controls. Salmon and colleagues (2008) described an Australian trial among elementary
school children involving curriculum-based skills development that showed that the
behavioral modification intervention group increased their reported TV time, a
counterintuitive finding. Gortmaker and others (1999) reported a school curriculum
intervention with small but significant decreases in TV time. Another school program
(Platcha-Danielzik et al. 2007) described a large trial in Germany with relatively small
effect on TV watching (0.3 hr/day) among intervention group children, and only at shortterm follow-up. Cui and team (2012) reported on a trial of junior high school students in
Beijing that used a peer-led approach and showed only small effects on total SB time.
Simon and colleagues (2004) presented data from junior high school students in France
with a multicomponent intervention compared to controls. SB declined only among
adolescents with high baseline SB time. Jones and others (2008) reported on a trial of 6th
and 7th grade girls aimed at improving physical activity and bone health. TV time was
lower among intervention group girls at follow-up (around 15 min/day less total SB).

Table 25.4 Youth School-Based Interventions
SB outcome

Intervention

Results

<tsp>Robinson 1999: United States (RCT)
Children in 1 school received
18-lesson curriculum focused
on reducing TV, video, and
video game use over 6 months
Other SB time (us- (approx. 18 hr class time in toing computer, do- tal); parents received newsletters to help children stay withing homework,
reading, listening in time budgets, strategies for
to music, doing art the family to reduce screen
time, and a TV-locking device.
or crafts, talking
with parents, attending classes or
clubs).

Time spent watching TV, watching
videos, playing
video games.

Child self-report
TV-viewing time. Ix: 15.35 hr/week to
8.8 hr/week; Cx: 15.46 to 14.46 hr/
week; adjusted Δ: −5.53 (95% CI:
−8.61, −2.42), p < 0.001
Ix group had significant reduction in
video game time compared to Cx:
2.57 to 1.32 hr/week in Ix vs. 2.85 to
4.24 hr/week in Cx; Δ: −2.54 (95%
CI: −4.48, −0.60) p = 0.01
No difference found between groups
in time spent watching videos (p =
0.11) or other SB (p = 0.44).
Parent report on child’s SB
Ix: significant reduction in TV-viewing time compared to Cx (12.43 hr/
week to 8.86 hr/week Ix, and 14.90 to
14.75 hr/week in Cx, p < 0.001)
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No difference found between groups
in time spent watching videos (p =
0.60) or playing video games (p =
0.13) or in time in other SB (p =
0.16).
<tsp>Salmon et al. 2008: Switch-Play, Australia (RCT)
Screen behaviors
(TV viewing, computer use, electronic games)

Intervention A: Behavioral
modification only (BM); selfmonitoring, decision-making
skills, goal setting for screenbased entertainment, parent
newsletters to match children’s goals and help children
maintain switch-off behaviors

BM children reported significantly
more TV viewing on average than Cx
time (at 6 months: 229 min/week, p <
0.05; at 12 months: 239 min/week, p <
0.05). This effect is in the opposite direction from expected.

No significant intervention effects observed on other screen behaviors
Intervention B: Fundamental (electronic games, computer use) for
movement skills only (FMS); BM.
games and activities focused No intervention effects on SB found
on mastery of six FMS
in other study arms.
Intervention C: BM + FMS
Each Ix condition had 19 lessons (40-50 min) from qualified PE teacher.

<tsp>Gortmaker et al. 1999: Planet Health, United States (RCT)
Time spent watch- Planet Health curriculum
ing TV, videos
(teacher training workshops,
classroom lessons, PE materials, wellness sessions and fitness funds). SB-related component: Students were encouraged to make space for more
activity in their lives by reducing TV time.

Boys and girls significantly reduced
TV/video hours from baseline to follow-up: Ix vs Cx.
Boys: Ix decreased TV time 2.98
hr/day to 2.28 hr/day at follow-up,
(Cx 3.10 hr/day to 2.99 hr/day at follow-up), Δ: −0.58, p = 0.001.
Girls: Ix decreased TV time 3.73
hr/day to 3.03 hr/day at follow-up vs.
Cx 3.78 hr/day to 3.43 hr/day; Δ:
−0.40, p = 0.0003.

<tsp>Plachta-Danielzik et al. 2007: Kiel Obesity Prevention Study (KOPS 4-year followup), Germany (RCT)
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Time spent watch- Behavioral education intervening TV, playing
tion targeted health diet and
video games
PA in students, plus provided
teacher training and parental
(high: ≥1 hr/week;
low: <1 hr/week) support. SB-related component: Reduce TV time to <1
hr/day.

Sedentary behavior outcomes were
analyzed using only a subsample, n =
775 (Ix: n = 164; Cx: n = 611).
At 3 months post intervention, significant decrease found in TV viewing in
Ix from 1.9 to 1.6 hr/day, p < 0.05)
(Muller et al. 2001).
At 4-year follow-up, there was no significant improvement in TV viewing
in the Ix vs. Cx groups.

<tsp>Plachta-Danielzik et al. 2011: Kiel Obesity Prevention Study (KOPS 8-year followup), Germany (RCT)
Time spent watch- Behavioral education interven- At 8-year follow-up, no significant
ing TV, playing
tion targeted health diet and
differences were found in TV time bevideo games
PA in students, plus provided tween Ix and Cx groups.
teacher training and parental
In 6-year-olds at
baseline, high: >1 support. SB- related component: Reduce TV time to <1
hr/week
hr/day.
In 14-year-olds,
high: >3 hr/week
<tsp>Cui et al. 2012, China (RCT)
7-day PA questionnaire; 8-item SB
score, including
TV, DVD, games,
and other types of
SB

Peer-led theory-based intervention (social cognitive theory, empowerment education,
goal setting) with 4 components: food, carbonated drinks,
PA, and SB.
Older peers delivered multiple
intervention elements, including games, discussions, and
presentations.

Total SB trend, but NS (p = 0.06) for
total sedentary time at baseline, 3
months, and 7 months; Ix: 248, 237,
and 229 min; Cx: 256, 256, and 258
min
Weekday SB decreased significantly
in Ix (by 20 min/day) and computer
use reduced by 14 min/day (both p <
0.02).
Nonsignificant differences were noted
for other types of SB.

<tsp>Simon et al. 2004: Intervention on physical activity and sedentary behavior (ICAPS),
France (RCT)
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Time spent watch- Multilevel intervention focusing TV, playing
ing on adolescent PA involvvideo games
ing educational, environmental, and family components.
SB-related component: time
spent watching TV and playing video games each day.

Significant decrease found in % girls
with high SB (>3 hr/day TV/video
games) in Ix vs. Cx groups (OR: 0.54,
95% CI: 0.38–0.77, p < 0.01)
Significant decrease found in % boys
with high SB (>3 hr/day TV/video
games) in Ix vs. Cx groups (OR: 0.52,
95% CI: 0.35–0.76, p < 0.01).

<tsp>Jones et al. 2008: Incorporating More Physical Activity and Calcium in Teens (IMPACT) study, United States (RCT)
TV/video viewing Physical activity intervention
time
to improve bone health based
Time spent using on social cognitive theory and
transtheoretical model, delivcomputer or playered via school curriculum
ing video games
Total daily sedentary time

At follow-up: Ix students had significantly lower daily TV or video viewing time than Cx students (94.7
min/day vs. 106.8 min/day; mean difference = −12.1, 95% CI: 11.7–12.5; p
= 0.05).
No difference found between Ix and
Cx students for daily time spent using
computer or playing video games
(38.0 min/day vs. 44.4 min/day; p =
0.16).
Ix groups had significantly lower total
daily sedentary time than Cx group
(134.9 min/day vs. 151.9 min/day;
mean difference = −16.99, p = 0.04).

Ix = intervention, Cx = control, NS = not significant PA = physical activity, RCT =
randomized control trial, OR = odds ratio
Several studies addressed infants and preschool-aged children (see table 25.5). Wen and
colleagues (2012) reported a healthy beginnings trial in Australia and showed that by 2
years of age, intervention children were less likely to have meals in front of the television.
However, the authors found no decline in the mother’s TV time. Dennison and others
(2004) also described an educational program targeting preschool children and
demonstrated a difference of 5 hours per week between intervention and control children in
weekly screen time. De Silva-Sanigorski and team (2011) also described a program for
preschool children that showed significant intervention effects on TV time and other types
of SB.
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Table 25.5 Studies With Infants and Preschool-Aged-Children
SB outcome

Intervention

Results

<tsp>Wen et al. 2012: Healthy Beginnings Trial, Australia (RCT)
TV-viewing time 8 home visits by trained comwhen child aged munity nurse over first 2 years
2 years old
of life (promote health feeding,
PA, enhanced parent–child interaction) with proactive telephone support between visits,
visits based on child developmental milestones

Proportion of children eating dinner in
front of the TV was significantly lower
in Ix vs. Cx groups: 56% vs. 68%, p =
0.01.
Proportion of children watching TV
for >60 min/day was significantly lower in Ix vs. Cx groups: 14% vs. 22%, p
= 0.02.
No difference found by group in proportion of mothers watching TV ≥120
min/day: 65% vs. 64%, p = 0.84.

<tsp>Dennison et al. 2004, United States (RCT)
Time spent
watching TV or
videos, playing
computer games

Trained early childhood teachers and music teachers visited
each day care or preschool once
per week to provide a 1 hr session on musical activities or education on promoting healthy
eating (22 sessions) and less TV
viewing (7 sessions) for total of
39 weeks.

Parent-reported child screen time:
Mean weekly TV/video viewing decreased 3.1 hr/week among children in
Ix compared with an increase of 1.6
hr/week among Cx (Δ: −4.7 hr/week; p
= 0.02).
Proportion of children watching TV/
videos ≥ 2 hr/day significantly decreased in Ix (33% to 18%) and increased in Cx (41% to 47%); Δ:
−21.5% p = 0.046).

<tsp>De Silva-Sanigorski et al. 2011: Romp and Chomp, Australia (post only)
Screen-based SB
(TV viewing, using computer,
playing electronic games)

Multicomponent intervention
involving capacity building for
staff (day care providers),
awareness raising in media, integration of policies in early
childhood information guides,
advocacy, and partnership
building.

Children in Ix sites spent significantly
less time watching TV compared to
those in Cx group (p = 0.03).
Children in Ix group spent significantly less time using computer or playing
electronic games compared to those in
Cx group (p = 0.03).
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Ix = intervention, Cx = control, PA = physical activity, RCT = randomized control trial

Practical Guidelines
For policy makers and practitioners interested in implementing evidence-based programs,
the different conclusions reached in the research thus far may prove to be barriers to
implementation and policy action. More primary studies with a central focus on SB
reduction would be useful for this field and further systematic reviews will be less
important in the near future.
The field of SB reduction among adults is mostly confined to interventions for reducing
workplace sitting, with less focus on community SB. Future research could consider
alternate community settings as well as other types of SB beyond television time, which is
used as a proxy for SB in non-working time among adults. Interventions could consider
prolonged commuting time as part of inactive travel, as well as other non-screen-time forms
of domestic SB, in developing new intervention questions and populations. Further, the
determinants of domestic forms of SB in adults may be deeply culturally ingrained. Rather
than just correlate studies (step 2 in figure 25.1), determinant studies with observations of
SB over time may provide more causal evidence. In addition, other contexts for community
sitting and SB may be amenable to change, including exploration of the potential to reduce
SB in diverse social situations, restaurants, and community centers. Similarly, reported
intervention effects are typically short term. The maintenance of nonsitting behavior change
over time is essential to policy makers, but the current research base is very limited.
Among children and adolescents, interventions targeted obesity and inactivity as the
usual primary outcomes, with SB often reported as a secondary outcome. The main form of
SB assessed was television or screen time, and this may make up a major proportion of
home-based SB among young people. For children and older adolescents, other forms of SB
need to be included as more specific behavioral outcomes, including (mostly sedentary)
online gaming, smartphone use, and time spent on social networking behaviors such as
Facebook. This suggests further methodological refinement in the assessment of SB and in
interventions to reduce sitting and SB in different contexts among young people, rather than
the blanket categorization of these behaviors as screen or television time. As with adults,
specific interventions report short-term effects; whether reducing SBs can be maintained is
not known.
More studies are needed with a primary outcome of specifically reducing SB rather than
embedding SB in more complex lifestyle or activity programs. This will allow for research
testing of interventions addressing the primary target of SB and for best-case effect sizes to
be determined. In addition, policy-relevant intervention research needs to be conducted to
ensure the scalability of SB interventions (Milat et al. 2013). In other words, the longerterm effects of interventions, their generalizability to broader populations and communities,
and intervention sustainability remain to be explored (step 3a in figure 25.1). These areas
are required before public health authorities and decision-makers are likely to implement
SB interventions on a larger scale.
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\qqBegin special element\

Using Media Campaigns
As community awareness of SB increases, SB components may be more seriously
regarded by the community. Some large-scale social marketing and mass media campaign
efforts have begun to target sedentary behavior and inform the population about the risks of
prolonged SB. These may eventually have community-wide effects through influencing the
cultural and social norms that underpin high levels of maintained SB, which may contribute
to future community-wide strategies. Currently, national social marketing campaigns in
England and in Australia have used the reduction of SB as one of the communication
components when targeting middle-aged adults (e.g., Public Health England’s Change for
Life, Commonwealth Department of Health and Ageing, Canberra Australia’s Swap It).
Although these campaigns primarily focused on increasing physical activity, they both
included sitting-specific mass media messages.
\qqEnd special element\

Summary
This chapter focuses on sedentary behavior interventions conducted in community
settings such as schools and community centers, as well as whole-community interventions
targeting adults, children, and adolescents. SB interventions may be developed following a
linear conceptual framework consisting of (1) evidence on epidemiological associations
between SB and health outcomes and sitting physiology research about underlying
mechanisms, (2) prevalence and correlates of SB, (3) efficacy studies of SB reduction
strategies, (4) formative research to assess reach, feasibility, and generalizability, and (4)
policy response and use of evidence to upscale efficacious SB interventions at the
population level.
Conclusions from systematic reviews suggest that the effectiveness of community
interventions for reducing SB is inconsistent and more policy-informing studies are needed.
To date, intervention evidence has been based largely on trials that have assessed SB as
secondary to other primary outcomes like physical activity or BMI. Much of the literature
in community settings is around SB (TV viewing and screen time in particular) in children
and adolescents; only recently has attention been paid to adult SB. Examination of specific
SB interventions in community settings highlights a gap in the literature for intervention
studies that focus on SB as the primary outcome and for studies that examine SB in a wider
range of contexts than TV viewing and screen time. Furthermore, research is needed to
investigate approaches to reducing SB in adults outside of the workplace. Finally, there is a
need for more formative research to increase understanding of the feasibility,
generalizability, and particularly the maintenance and sustainability of specific community
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SB-reduction strategies and, in turn, to inform the translation and expansion of these
strategies to a community-wide level.
\qqBegin special element\

Key Concepts
• Applying a public health framework: This approach starts by collecting evidence
about the health associations of sedentary behavior and the extent to which sedentary
behavior is prevalent in the general population and population subgroups. Next,
researchers conduct efficacy trials to test the effectiveness of interventions for reducing
sedentary behavior (e.g., Did the intervention reduce sitting time? If so, by how much,
and is this meaningful to health?). In addition to efficacy testing, researchers also carry
out studies to determine the generalizability of the intervention for application at a
population level. The final step involves a policy response and scaling up of effective
and feasible interventions into wider community settings. When we apply this public
health framework as an overarching guide for examining community-based sedentary
behavior interventions, it is apparent that the bulk of the published literature is about
testing the effects of interventions on sedentary behavior (i.e., efficacy).
• Community-based intervention: A community-based intervention targets a setting
outside of the clinical or workplace context (e.g., schools, community centers) and a
specific population group or subgroup. Community-based interventions may take
informational, behavioral, or environmental approaches to reducing sedentary behavior
and focus on one or more sedentary behavior, such as daily sitting time, watching
television, computer use, and passive commuting. However, to date, few interventions
have focused exclusively on reducing sedentary behavior; instead, sedentary behavior
outcomes tend to be secondary to outcomes related to physical activity and obesity.
• <chend1t >Study Questions
1. What is a community-based intervention for reducing sedentary time?
2. What evidence is needed to develop a sedentary behavior intervention in community
settings?
3. What are the strengths of current community-based sedentary behavior interventions?
4. What are the limitations of current community-based sedentary behavior
interventions?
5. What future steps are needed to build on the current evidence base about communitybased sedentary behavior interventions?
\qqEnd special element\
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Chapter 26
Ergonomics of Redesigning
Sitting
John B. Shea, PhD; and Kelly J. Baute, PhD
\qqBegin special element\
The reader will gain an overview of the evolution of chair sitting as a workplace
positional behavior and the circumstances in which ergonomic modification of this behavior
may reduce the risk of health-related issues. By the end of this chapter, the reader should be
able to do the following:
• Review the evolution of human working positional behaviors and postures
• Discuss early human positional behaviors
• Consider the importance of modern human’s selective pressures that led to our highly
evolved existence
• Describe the history of the chair (how the chair emerged and what the chair’s initial
purpose was)
• Describe how the traditional chair contributes to musculoskeletal disorders
• Understand the conditions and circumstances in which revising sedentary behavior may
reduce the risk of health-related issues and categorize this information in order to apply
it to common professional scenarios
• Identify future directions for assessing sedentary behavior and apply this content in
professional settings to enhance client or patient knowledge of sedentary behavior
\qqEnd special element\
The study of ergonomics has progressed from its early emphasis on increasing worker
productivity to an emphasis on health promotion in the places of daily living. This
perspective encourages consideration of our evolutionary adaptations and the ecological
contexts that provided the framework that perpetuated the development of our highly
evolved and unique biological systems. This perspective must be included in any discussion
regarding sedentary behavior and health. The ecological contexts in which we evolved
provided the substrates in which the strategies and activity patterns for procuring resources
advanced our unique combination of physiological, anatomical, and morphological
characteristics, which in return provided affordances for our success. Åstrand suggests,
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“Insight into our biological heritage may help us to modify our current lifestyle in a positive
way” (1992, p. 1235S). The significant changes in the ecological contexts and the
associated activity patterns in which we currently subsist are the culprits of today’s current
health crisis.
Procuring resources to ensure survival is a biological necessity of all organisms, and
Homo sapiens are no different. Strategies to secure those resources have changed
dramatically in the past 10,000 years. Ninety-nine percent of (anatomically) modern
human’s existence was spent with procurement strategies and activity patterns that involved
both gross and fine motor movements representative as what would today be classified as
physical activity (Malina and Little 2008). The rapid change in our ecological contexts
altered these activity patterns and the associated positional behaviors of the past to the
sedentary, constrained positional behaviors of today, which have exacted a dramatic and
negative effect on our physiology and represented as an increase in mortality resulting from
all causes and cardiovascular disease (Katzmarzyk et al. 2009). These behaviors have also
exacted a dramatic and negative effect on the musculoskeletal system, represented as
musculoskeletal disorders and experienced as (but not limited to) lower back, neck (Kumar
2001; Magnusson and Pope 1996), and shoulder pain (Lundberg 2002). “Movement is the
substrate of activity” (Malina and Little 2008, page 373 , and our biological systems have
evolved based on a life cycle that includes regular physical activity and its associated
movements. Our current activity patterns and subsequent sedentary subsistence strategies
are methods of resource procurement that are generating a great cost to our health. This
provokes the question, Is our survival still based on successful fitness?
Modern human’s biological phylogeny stems from a movement-based lifestyle. Huntergatherers’ existence and success depended on movement of a variety of patterns (walking,
carrying, some running, climbing, chopping, play, and rest) (Hill et al. 1985) and a variety
of complexities (agility, accuracy, and speed of gross and fine motor movements) (Malina
and Little 2008). For instance, early Homo would have needed to walk and occasionally run
to track or stalk prey. In looking at today’s extant hunter-gatherer groups, rarely is it seen
that long distance running at high speeds is common (Hill et al. 1985). Conversely, Malina
and Little noted that modern hunter-gatherers move in intermittent activity patterns. They
wrote that in the past, we were required to have high-level, cardiovascular demands, but
only as a small percentage of our activity budget. Additionally, our hunter-gatherer
predecessors did not place themselves in behaviors that were isolated or confined in
movement. These behaviors placed demands on the system of early Homo; however, these
demands were more along the lines of intermittent activities as well as occasional periods of
continuous activity. As Malina and Little pointed out, it is not in our biological lineage to
work in the static, confined postures of the present.
Subsistence strategies of an agricultural lifestyle maintained intermittent activity patterns
similar to those of hunter-gatherers and persisted until the industrial revolution at the dawn
of the 20th century. This was immediately followed by the technological revolution
beginning in the 1950s, as the first wave of sedentary occupations, ranging from office and
clerical work to long-haul driver-operators, appeared. This dramatic change to our
biological system contributed to disease and degeneration of the physical systems. The
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1950s also saw the first signs of what would become a major health epidemic,
cardiovascular disease (CVD).
By the 1970s, CVD was reaching an epidemic proportion. Fitness-based interventions
were introduced in the form of cardiovascular exercise guidelines (ACSM 1978) as well as
fitness programs, including running (Morgan 2013) and aerobics (Cooper 2013). The first
ACSM guidelines were developed by health and exercise science researchers to provide a
framework for improving the cardiovascular health of the U.S. population; thus, the
guidelines’ sole focus was on cardiorespiratory fitness and health. Not until 1990 did the
ACSM recognize the importance of muscle conditioning by including it in a revision. And
not until 1998 was flexibility added, with a neuromuscular focus appearing in 2009.
Whereas the ACSM, Cooper, and others were instrumental in the development of fitnessbased programs to improve cardiovascular health, these interventions have not been
successful in fostering healthy activity patterns of the U.S. population. When combined
with the sedentary behaviors of most work-related tasks, the result on our biology is
profound, and has identified a need for a new field of study: inactivity physiology (EkblomBak, Hellenius, and Ekblom 2010). Katzmarzyk and colleagues (2009) describes inactivity
physiology as more than just not moving enough and using physiological and
biomechanical systems. Rather, it is a mechanism leading to the onset of multiple
degenerative diseases that are deteriorating the quality of life of those affected, even in the
presence of planned exercise. Inactivity physiology studies have demonstrated a link
between sitting time and nonexercise activity as contributors to rates of metabolic
syndrome, type 2 diabetes, obesity, and cardiovascular disease (Hamilton, Hamilton, and
Zderic 2007). These findings highlight the need to redesign or consider alternatives to
traditional seat design and sitting behaviors.

Characteristics and Influence of Chair Designs
and Positional Behaviors
Historically, sitting positional behaviors have been used to provide the best affordances
for completing specific tasks: squatting to gather, chop, mash, and clean (Hill et al. 1985).
The sitting positional behaviors or modes from which our preindustrialized ancestors could
select include crouching, kneeling, and squatting (Hill et al. 1985; Kroemer and Grandjean
2005). But where did the chair originate? Anthropological evidence suggests that the chair
or seats were first used for status within a group such that higher-ranking individuals were
seater above individuals of lower rank (Kroemer and Grandjean 2005).
Kroemer, Kroemer, and Kroemer-Elbert (2001) provide an account of how chairs came to
be used in China. Cultural relics from the Shang through the Han dynasties (1600 BC to
220 AD) show people sitting on mats in either kneeling or sitting positions. The opening of
the Silk Road allowed travel to western Asia, where Chinese visitors were introduced to
chairs. Folding stools appeared in the Chinese imperial court around the 3rd century AD.
By the 4th century, stools in China were about the same height as those used in the Western
hemisphere. During the 7th to 10th centuries, the use of mats gradually disappeared and the
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use of stools for sitting became popular. Around the year 1200, complete sets of raised
furniture existed in China.
Thus began the development of chairs, which are still considered a status symbol;
generally, as salary goes up, so too does the sophistication of the chair (Kroemer and
Grandjean 2005). So how did seats or chairs become associated with occupational tasks? In
short, physiology. As reviewed in Kroemer and Grandjean (2005), well-being of workers
was best achieved if they were allowed to sit, which reduced the muscular effort required by
the lower body during prolonged standing. Four primary factors are associated with
sedentary work:
1. Taking the weight off the legs
2. Stability of upper body posture
3. Reduced energy consumption
4. Fewer demands on the circulatory system
Unfortunately, prolonged sitting has the same negative effect on the musculature of the
torso that prolonged standing has on the musculature of the lower body, contributing to the
development of musculoskeletal disorders (MSDs). Research has associated prolonged
sitting with lower back pain and discomfort (Kroemer and Grandjean 2005; Magnusson and
Pope 1998; Vieira and Kumar 2004). In addition to the effects prolonged sitting has on the
musculature of the back, the associated compression of the intervertebral discs decreases
nutrient flow into those tissues. It is suggested that frequent changes in posture allow for
changes in both musculature demands and intervertebral pressures (Kroemer and Grandjean
2005; Magnusson and Pope 1998). Other investigations suggest that work-related
musculoskeletal disorders (WMSDs) can be reduced by managing the biomechanical
factors associated with sitting and evaluating the task to be performed and the seat design
(Magnusson and Pope 1998; Vieira and Kumar 2004). For example, tasks such as line
assembly or benchwork allow the worker to use a semisitting (Magnusson and Pope 1998)
positional behavior, thus allowing the worker to change between sitting and standing and
consequently changing the musculature recruitment and intervertebral pressures. The design
of the seat, such as height and inclination, and position of the armrest and backrest are of
primary importance because these factors affect the posture seated workers assume to
complete their task, essentially creating positional or postural affordance. Grandjean,
Hünting, and Pidermann’s (1983) investigation of computer workstations concluded that
workstation operators’ postural adjustments were limited by the constraints of the
workstation’s design.
In addition to the negative effects sedentary behavior exacts on our physiological
systems, sedentary, static, and constrained positional behaviors constitute the vast majority
of occupational tasks. Complaints triggered by prolonged, constrained positional behaviors
thus contribute to the majority of worker compensation claims. Compensation is paid to 1 in
10,000 workers for a minimum of 3 days paid leave due to back pain associated with
working conditions. This leads to a 2% to 4% loss of net profits. Malina and Little (2008)
describe working conditions of today to be grossly different from work-associated tasks of
the past. The majority of today’s occupational task systems are designed to meet production
demands and are not concerned as to whether the biological systems of the workers have
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the capacity or capability to meet those demands (Vieira and Kumar 2004; Westgaard and
Winkel 2011). If a production line is required to produce a specified number of units, then
the production line will move at a speed to meet that quota. The workers must then maintain
that pace and speed of movement or risk job loss. Thus, workers are forced into working
behaviors that most likely are or will become beyond their biological systems’ capacity.
Magnusson and Pope (1998) found that confined or constrained static postures are a risk
factor for WMSDs. Specifically, when workers are confined to the same static posture for
prolonged periods of time, their soft tissues are subjected to poor physiological conditions.
For instance, when a muscle is not allowed or able to move through appropriate ranges of
motion, the reduction of blood flow into that tissue is diminished. This reduces oxygen to
the tissues and cells and increases the buildup of metabolic waste. This places the soft
tissues in a poor physiological state and increases the risk of injury. The authors suggest
that workers need to have the freedom to move into different postures. People who are able
to move from a sitting to a standing position are less likely to sustain WMSDs. Magnusson
and Pope (1998) further state that our bodies are accustomed to movement. Even during
sleep, our bodies move in order to provide changes of postures and redirect stresses and
forces on joints and soft tissue.
Lungberg (2002) studied the psychophysiological stresses associated with office workers.
He found that the trapezius muscle was activated and remained activated even though work
tasks were not requiring its contribution. He associated these higher levels to be associated
with the physical and psychological stress of the job demands. Lundberg concluded that the
higher and prolonged activation of the trapezius muscles is associated with upper body
WMSDs in office (desk) workers.
Many investigations have been conducted on lower back pain associated with constrained
static postures (Hodges and Richardson 1997; Hodges 2001; Hodges et al. 2003; Kumar
1990, 1999, 2001; Urquhart et al. 2005). These investigations have deduced that poor
posture, repetitive forces, and awkward movements produced from positional or postural
constraints are the primary contributors to conditions. Interventions have been proposed
suggesting that lower back pain is an artifact of weak spinal stabilizers. Thus, improving the
strength of the spinal stabilizers will prevent lower back pain. Companies have promoted
the use of a stability ball at workstations as an intervention for improving strength of the
core musculature. Researchers have thus investigated the efficacy of the stability ball in
improving core strength. McGill, Kavcic, and Harvey (2006) found no difference between
sitting on a stability ball and sitting on a stool without a backrest. Callaghan and McGill
(2001) found similar results. Urquhart and colleagues (2005) investigated the musculature
involvement in spinal stability and were unable to conclude if any specific muscle
contributed more in producing spinal stability. They concluded that interventions designed
to improve spinal stability should not focus on conditioning one muscle or a muscle in
isolation; rather, the system should be conditioned with a systems approach.
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Applications of Sitting Redesign
Sitting in the workplace has continued to be equated with the use of a chair with legs,
seat pan, backrest, and armrests. Discussion on chair designs that promote healthier sitting
behaviors has centered on the appropriate configuration of these components. Thus,
research findings related to the biomechanics and physiology of sitting posture have been
interpreted within the constraints imposed by traditional chair design. This has limited
innovation in sitting design, and it is possible to find defined lists for what constitutes good
office chair design. Kroemer and Grandjean (2005, 81-82) cite the following golden rules
for office chairs:
• Office chairs must be adapted to both the traditional office job and the modern
equipment of information technology, especially to jobs at computer workstations.
• Office chairs must be conceived for forward and reclined sitting postures.
• The backrest should have an adjustable inclination.
• The backrest height must be at least 500 mm vertically above the seat surface.
• The backrest must have a well-formed lumbar pad, which should offer good support to
the lumbar spine between the third vertebra and the sacrum.
The primary health problem motivating research on office chair design has been back
problems related to the strain on muscles and vertebral discs from assuming static postures
for extended periods of time. Andersson and Ortengren (1974) showed that increasing the
seat angle reduces both disc pressure and muscle strain. Krämer (1973) studied the
nutritional needs of intervertebral discs. The interior of a disc has no blood supply and must
be fed by diffusion through the fibrous outer ring. Krämer showed that pressure on the disc
creates a diffusion gradient from the interior to the exterior so that tissue fluid leaks out.
When the pressure is taken off, this gradient is reversed and tissue fluid diffuses back,
taking nutrients with it. Thus, the discs need to be subjected to positional change to keep
them well nourished. From a medical point of view, therefore, an occasional change of
posture is beneficial. However, modern workstation design has constrained the movement
of operators in rather subtle ways defined by the keyboard–monitor relationship
(Grandjean, Hünting, and Pidermann 1983). In addition, many orthopedists still recommend
an upright sitting posture because it holds the spine in a shape of an elongated S with a
lordosis of the lumbar spine. They believe that disc pressure is lower in such a posture than
when the body is curved forward with kyphoses in the lumbar and thoracic sections. This
orthopedic advice is at odds with the fact that a slightly forward or reclined sitting posture
relieves strain on the back muscles and makes sitting more comfortable (Andersson and
Ortengren 1974; Lundervold 1951, 1958). Andersson and Ortengren found that workstation
operators instinctively do the right thing when they prefer a reclined sitting posture and
ignore the recommended upright trunk position. According to Kroemer, Kroemer, and
Kroemer-Elbert (2001), there is no one healthy posture. Research does not support the idea
of a single sitting posture that is healthy, comfortable, and efficient. They go on to point out
that furniture should allow body movement and various postures. There have been
numerous innovations to achieve this goal.
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One innovation in chair design that has challenged the existing paradigm and gained
popularity is the use of a stability ball in place of a chair for sitting. There has been
increasing interest in the use of a stability ball in place of an office chair in order to improve
core muscle strength and to create a dynamic sitting opportunity (McGill, Kavcic, and
Harvey 2006). Numerous stability ball manufacturers claim that sitting on a stability ball
improves the strength of the core muscles and decreases the risk of back pain. However,
research has not demonstrated this to be true. McGill, Kavcic, and Harvey (2006)
determined that prolonged sitting on an exercise ball relative to a stool has “little effect on
spine loads, muscle activity and the resulting spine stability” (page 359 Additional research
found little alteration in the way people sit while using a stability ball during prolonged
sitting and that the use of a stability ball may not provide the comfort that a traditional
office chair provides (Gregory, Dunk, and Callaghan 2006). Gregory and colleagues found
that people performing office tasks were less comfortable while sitting on a stability ball
than while sitting on a chair. Interestingly, Merritt and Merritt (2007) presented two case
studies in which patients had incorporated stability ball sitting, one using the ball at work in
place of an office chair and the other using the ball for exercise. Both patients found a
reduction in pain severity and frequency of pain. These authors further suggested that
stability ball sitting is advantageous by activating “proprioception, balance and equilibrium
control” (page 50).
Additional considerations for workstations are the movements associated with job tasks.
For instance, reaching to grasp an object, press a button, or operate a lever are common
actions that alter balance and muscle mechanics. The increased demand placed on both the
upper and lower body in response to reaching tasks includes the musculature recruitment to
maintain posture as well as to balance the upper body on the base of support, the lower
body. Dean, Shepherd, and Adams (1999) found that lower limbs contributed significantly
to the distance of the reach and the effect reaching distance has on leg muscle activation.
They also noted, “the varying times of onset of muscle activity suggest that individual
muscles play different roles during reaching” (page 142). This is further evidence for the
need to investigate the varying range of seated workstation postures and tasks. Kingma and
van Dieёn (2009) showed that enhanced spine motion did not differ whether sitting on a
stability ball or sitting on a chair while performing a typing task. To date, research has been
conducted on seated postures that use chairs and stools. A few investigations have also been
done on torso muscle activity and spine loads during static sitting on a stability ball.
No research had been conducted to investigate the lower limb contributions during sitting
on a stability ball at a workstation while the upper body is performing a job-related task
until 2008. Baute investigated the contribution of lower-extremity musculature to a reaching
task while sitting on a stability ball. Specifically, subjects were seated on a stability ball at a
desk. EMG readings were recorded for the quadriceps, hamstrings, tibialis anterior, and the
gastrocnemius muscles of the dominant and nondominant legs while the participants
reached to move a cup of water from one position (either target A or B) to another (either
target A or B) with either their dominant or nondominant hands. The subjects were
instructed to begin the task with their reaching hand on their lap and return their hand back
to their lap when not moving the cup. Each movement was comprised of seven phases: (1)
move hand from lap to pick up a cup at target position A, (2) move cup from target position
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A to target position B, (3) return hand to lap, (4) pause or rest, (5) move hand from lap to
pick up cup at target position B, (6) move cup from target position B to target position A,
and (7) return hand to lap. While reaching with the dominant side, EMG recordings were
collected from the dominant lower limb; conversely, while reaching with the nondominant
hand, EMG recordings were collected from the nondominant lower limb. Muscle onset,
duration, and intensity data were measured for all trials for each movement phase.
Figure 26.1 shows duration of muscle contraction measures for all muscles and
movement phases. Analyses conducted on these measures showed that the duration of the
hamstring contraction and the onset of the tibialis anterior had the highest effect size. The
duration of hamstring activity quite possibly reflects the stabilizing mechanism the
hamstring provides while moving forward and back on a stability ball. Consider that
hamstring duration is lowest in phase 4, where the hand is resting in the lap and no forward
or backward movement is made. The onset of the tibialis anterior could reflect the lifting of
the front of the foot in response to movement being initiated, specifically forward
movement to reach out, since the tibialis anterior was the only muscle active in reaching
forward. Additionally, it is likely that the stability ball allows for easier forward movements
by rolling. The transfer of weight into the forefoot is controlled by activation of the tibialis
anterior.

Figure 26.1 Duration of muscle contraction measures for the dominant (Dom)
and nondominant (Ndom) leg muscles (quadriceps, hamstrings, tibialis
anterior, and gastrocnemius) and movement phases: (1) (Lap > CTA-UL)
Move hand from lap to pick up a cup at target position A, (2) (CTA > TB-L)
move cup from target position A to target position B, (3) (TB > Lap-UL)
return hand to lap, (4) (Pause) pause or rest, (5) (Lap > CTB-UL) move hand
from lap to pick up cup at target position B, (6) (CTB > TA-L) move cup from
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target position B to target position A, and (7) (TA > Lap-UL) return hand to
lap.

CTA = , CTB = , L = , UL = , TA = , TB = , \QQAU: Please fill out these acronyms
here. Thank you!.xqqME\
Figure 26.2 shows the intensity of muscle contraction measures for all muscles and
movement phases. Analysis of intensity of muscle contraction between dominant and
nondominant sides across all four muscle groups determined that the anterior muscles of the
dominant side have greater firing intensity than those of the nondominant side. Conversely,
the posterior muscles of the nondominant side have greater firing intensity than those of the
dominant side. This comparison of sides between reaching forward and moving back
suggests that the anterior dominant side muscles anticipate movement more so than the
anterior nondominant side. This finding is likely related to practice or experience of the
dominant or preferred side. The quadriceps on the dominant side activate quickly and
briefly while the onset of the hamstrings of the dominant side is significantly delayed. This
may indicate that handedness is a factor that affects reciprocal inhibition. Muscle firing
intensity was highest during the reaching or moving back movement phases. Additionally,
only the tibialis anterior was active during the reaching or moving forward phases. The
stability ball creates an environment to allow for easier forward movement by rolling in
which the tibialis anterior responds to control movement, such as braking; however, when
rolling back, there are no contributors to controlling the movement. This heightens the
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person’s awareness; thus, this is a factor in why we see highest intensity elicited during
reaching back in all muscles.

Figure 26.2 Intensity of muscle contraction measures for the dominant (Dom) and
nondominant (Ndom) leg muscles (quadriceps, hamstrings, tibialis anterior, and
gastrocnemius) and movement phases: (1) (Lap > CTA-UL) Move hand from lap to pick up
a cup at target position A, (2) (CTA > TB-L) move cup from target position A to target
position B, (3) (TB > Lap-UL) return hand to lap, (4) (Pause) pause or rest, (5) (Lap >
CTB-UL) move hand from lap to pick up cup at target position B, (6) (CTB > TA-L) move
cup from target position B to target position A, and (7) (TA > Lap-UL) return hand to lap.
\QQ\AU: Please copy and paste the acronym definitions you provide for figure 26.1 if
they are the same here. Thank you! JPXQQ\
Practical Guidelines
In order to limit risk for WMSDs, we must consider the traditional chair and talk about
design. But first, a discussion of anthropological factors and design of the sitting substrate
should be viewed from a bottom-up rather than a top-down perspective. That is, consider
what are the fundamental physiological, anatomical, and morphological requirements of
sitting rather than what the task requires: The take-home message is that the constraints of
the traditional chair are unrealistic. Seating design is for context, not the interaction. The
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traditional chair was designed without knowledge of physiological, anatomical, or
morphological factors. Additionally, the traditional chair constrains our perception of what
chairs are, and solutions are viewed from the top-down perspective. Looking from the
bottom up, the stability ball provides the affordances chairs do not. By turning a stability
ball into a traditional chair or by using roller bases, you limit the affordances of the stability
ball. Considering all these data, the most efficient chair is the stability ball.
Whereas the energy expenditure of stability ball sitting is not significantly higher than
sitting on a chair, when factoring in all relative components of the affordances generated by
sitting on a stability ball, it is obvious to suggest the stability ball as an ideal alternative to
traditional chairs. Additionally, evidence supports the use of a stability ball in the
intervention of various disabilities. Previous investigations of stability ball sitting have
identified the muscle synergies.
Physical Activity Benefits
Inactivity physiology studies have demonstrated a link between sitting time and
nonexercise activity as contributors to rates of metabolic syndrome, type 2 diabetes, obesity,
and cardiovascular disease (Hamilton, Hamilton, and Zderic 2007). These findings
highlight the need to redesign or consider alternatives to traditional seat design and sitting
behaviors. One emerging alternative has been the use of the stability ball in place of the
chair. Few studies have reported the effect of the stability ball on electromyography (EMG)
during sedentary sitting (Gregory, Dunk, and Callaghan 2006; McGill, Kavcic, and Harvey
2006; O’Sullivan et al. 2006). A recent study on EMG during submaximal arm ergometry
while sitting on a chair or stability ball was reported by Markes, Hylland, and Terreall
(2012). Sitting on a stability ball resulted in greater EMG values for rest and for three levels
(15%, 30%, and 45%) of age-predicted maximum heart rate (HR) for the rectus femoris
muscle. With the exception of the external oblique muscles at 45% predicted maximum HR,
trunk EMG differences were not different between ball and chair sitting. Sitting on the
stability ball also resulted in 10% to 16% greater oxygen consumption ( O2) than chair
sitting, but HR was unaffected. This finding suggests that exercise during ball sitting may
be a useful exercise intervention for cardiac rehabilitation programs.
\qq\Start marketing excerpt 5 here Classroom Performance Benefits of re-designing
sitting\
Classroom Performance Benefits
Stability balls have been increasingly adapted as a replacement for classroom chairs.
Although research concerning the benefits of stability balls in comparison to chairs is
relatively recent, evidence is accumulating that ball sitting enhances classroom performance
of children (Illi 1994; Witt and Talbot 1998; Schilling et al. 2003). Sensory modulation
deficits that reflect an adjustment in ongoing physiological processes to ensure internal
adaptation to new or changing sensory information (Miller and Lane 2000; Miller et al.
2007) have been suggested as a factor contributing to attention deficits, and stability ball
sitting has been suggested as an intervention for improving attention and school
performance. This possibility was investigated by Schilling and colleagues (2003), who
showed that stability ball sitting improved classroom performance in students with attention
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deficit hyperactivity disorder (ADHD). This finding was explained as reflecting selfmodulation of personal sensory needs by each student in order to maintain an optimal state
of arousal. Additional support for the use of stability balls in place of chairs for students
with ADHD was provided by Fedewa and Erwin (2011), who used a larger population of
students than Schilling and colleagues (2003). In addition to being beneficial to children
with ADHD, Schilling and Schwartz (2004) provided evidence that stability ball sitting can
benefit classroom behavior in children with autism spectrum disorders (ASD). This
research was extended by Bagatell and others (2010), who demonstrated that research on
the use of the stability ball should consider differences between children. The authors
suggested that the stability ball may be more useful for children who seek out vestibularproprioceptive input than for children with other sensory processing characteristics.
\qqBegin special element\
Dual-Task Training and Cognitive Benefits
The speculation that the stability ball provides important vestibular-proprioceptive input
that facilitates cognitive performance in children, and especially those with ADHD and
ASD, is a plausible one. In addition, increasing evidence on dual-task training suggests that
the stability ball may provide a learning context that facilitates executive function by aiding
the capability to flexibly allocate attention across different tasks. We offer the speculation
that this capability may be general in nature and not tethered to motor performance as
exemplified by stability ball sitting. This view challenges the interpretation offered by
movement theorists that dual-task training benefits represent a unique combination of
exercise and cognitive function (e.g., Pesce 2012). Early evidence that dual-task training
may promote the coordination of multiple processes, tasks, and skills, especially in old
adults, was provided by Kramer, Larish, and Strayer (1995). This finding was later
extended to the case of two motor tasks that required similar motor responses (Bherer et al.
2005). Erickson and colleagues (2007) later demonstrated neural correlates for learninginduced plasticity as the basis for dual-task performance gains. They suggested that these
gains reflect enhanced reliance on central executive operations. Pellecchia (2005) provided
evidence that dual-task training can reduce postural sway in comparison to no training or
single-task training for dual-task performance. This finding was extended to improvements
in gait performance by Silsupadol and others (2009), who used a double-blind design. The
relationship of dual-task training on gait and executive function was discussed by YogevSelingmann, Hausdorff, and Giladi (2008) in relation to clinical populations. The view that
motor control in aging is influenced by executive control was advanced by Li and
colleagues (2010). This important study demonstrated improvements on measures of dualtask standing balance and mobility as a result of nonmotor cognitive dual-task training.
\qqEnd special element\
\qq\End marketing excerpt 5\
Summary
Over the past 10,000 years, physical activity patterns have changed from those involving
gross and fine movements necessary for procurement of resources for survival to the
sedentary and constrained positional behaviors of today. Åstrand (1992) and Malina and
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Little (2008) as well as others have identified sedentary behavior as in opposition to our
biology. Research on inactivity physiology has demonstrated a link between sitting time and
nonexercise activity to rising rates of metabolic syndrome, type 2 diabetes, obesity, and
cardiovascular disease. These findings suggest the need to redesign the seat to promote
active sitting behaviors. This is a unique event in the evolution of seat design. Throughout
history, seat design has been solely focused on the accomplishment of the task being
performed. It therefore focused on only one goal—increasing job performance—and this
was accomplished by eliminating any other potentially competing secondary tasks. For the
first time in history, we are faced with the possible need for seat design to consider the
goals of promoting task performance as well as health through an increase in physical
activity. The challenge is that seat design should provide as many opportunities for
movement as possible, yet still maintain support of the lower body to stabilize the upper
body for task performance (Baute 2008; McGill, Kavcic, and Harvey 2006).
It is further suggested that frequent changes in posture are beneficial. The evidence
reviewed in this chapter suggests the stability ball is the ideal option for redesigning sitting.
The stability ball provides a context for sitting that the traditional chair does not, allowing
the freedom to move and alter postures. It also creates a coordinative structure or functional
synergy between the stability ball and the worker (Baute 2008). This functional synergy
does not increase cognitive demands while working; the same cannot be said for other chair
alternatives like the treadmill-type desk, which ultimately limits task performance. Instead,
it appears that using a stability ball in place of a traditional chair affords for dual-tasking yet
still provides freedom for movement. Stability balls have been increasingly adapted as a
replacement for classroom chairs. Evidence is accumulating that ball sitting enhances the
classroom performance of children (Illi 1994; Witt and Talbot 1998), including children
with ADHD (Shilling et al. 2003).
\qqBegin special element\
Key Concepts
Activity patterns: The activities of daily life and behaviors used within a person’s life
span.
Biological phylogeny: The evolutionary or genealogical relationships among a group of
organisms.
Ecological contexts: Refers to those factors external to the individual that work to
influence behavior; the person and environment are viewed as interdependent (Dunn,
Brown, and McGuigan 1994).
Ergonomics: In the context of this chapter, refers to the design of the environment to fit
the job as opposed to fitting the worker to the job with the purpose of alleviating physical
and environmental stresses.
Functional synergies: In the context of this chapter, refers to the coordination of
physical and environmental components to execute a task (e.g., coordinating an arm reach
afforded by the movement of a stability ball).
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Human positional behaviors: Postures assumed during activities of daily life, such as
sitting, standing, and any task-related postures. These include but are not limited to
operating heavy machinery or performing assembly-line work.
Positional or postural affordance: Positional behavior used to facilitate the successful
performance of a task.
Sensory modulation deficits: These reflect a change in physiological processes in
response to changing sensory information and have been suggested as contributing to
attention deficits.
Subsistence strategies: The methods, plans, and actions people rely on to procure
resources for survival and consider the positional behaviors used to execute tasks.
Substate: Within a bioanthropological context (field dependent), refers to the structures
acted on that promote a specific locomotive or positional behavior. Extended into a
kinanthropological context, refers to the equipment or furniture used in activities of daily
living. Specifically, within the context of this chapter, refers to the stability ball.
Study Questions
What evolutionary factors should be considered during discussions of sedentary
behavior?
What is the history of the chair?
What alternative sitting behaviors provide intervention effects for musculoskeletal
disorders (MSDs)?
Does using the stability ball provide additional benefits outside of preventing WMSDs?
What are the future possibilities for assessing sedentary behavior?
Do prolonged sitting or other positional behaviors detract attention from cognitive tasks?
Can the stability ball be useful in dual-task learning?
Does the stability ball provide an alternative to classroom chairs for schools?
\qqEnd special element\
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The reader will gain an overview of how emerging systems can contribute to curbing
physical inactivity and how critical psychological processes can shape the design of
systems in this domain. By the end of this chapter, the reader should be able to do the
following:
• Understand how exposure, attention, and behavior change can be influenced by
information systems
• Identify how online information technologies and data transfer systems may be
facilitated by the Internet or telecommunications, including Twitter, Facebook, and the
use of simpler forms such as text messaging
• Identify key attributes of stand-alone electronic delivery systems (e.g., counseling
websites), social networks, monitoring and tracking systems, search engines,
recommender systems, and gamification systems
• Understand information processing stages from a psychological perspective
• Understand ways of characterizing information systems that are relevant to influencing
physical inactivity
Physical inactivity and sedentary behavior now constitute troubling health care issues of
the 21st century, and lack of physical activity has been shown to be among the top 10
leading causes of death and disability in moderate- to high-income countries (Davis et al.
2014; O’Reilly et al. 2011). Physical activity comprises movements resulting in increased
energy expenditure and improved physical fitness (Pettee et al. 2012). Its absence, physical
inactivity, is a significant public health risk that must be reduced to decrease coronary heart
disease, breast and colon cancer, and diabetes, among many other conditions directly or
indirectly linked to this risk factor (Lee et al. 2012).
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Increasing physical activity can confer important benefits on 39 diseases and health
conditions (Hillsdon et al. 2005). A systematic review of 29 randomized controlled trials to
promote physical activity or combat inactivity showed that the interventions have a positive
moderate effect in increasing physical activity (Hillsdon et al. 2005). These programs entail
counseling, activity prescriptions, social support, provision of written information, and selfmonitoring—all techniques that continue to be important in the current generation of
behavioral interventions using emerging media and electronic systems with the same
objectives.
Exposure and attention to the information are prerequisites for the influence of any
intervention, including online programs and new electronic systems for curbing sedentary
behavior. Exposure implies reading, viewing, or listening to the information, whereas
attention involves focusing on the presented content to ensure understanding and
subsequent recall. Both exposure and attention must occur for the information to be
received by the audience. Exposure and attention are thus prerequisites of the behavior
change sought by researchers and practitioners trying to elicit physical activity. Emerging
electronic systems (e.g., websites, search engines, expert recommendation systems) have
been designed to ensure that materials reach their relevant audiences, potential viewers can
search for the information in a systematic fashion, and materials are presented in an
interactive, engaging fashion.
The effects of emerging electronic interventions on increasing activity can be measured
in terms of changes in behavioral, clinical, or biological outcomes in direct and indirect
recipients of the program. Behavior change is the modification of the intensity and duration
of a behavior performed at an earlier (arbitrary) time. Biological outcomes of import in this
domain include weight loss, blood pressure, and blood glucose measures, as well as the
prevention of physical conditions (e.g., cancer, diabetes). Interventions for promoting
physical activity are often concerned with increasing the frequency of the behavior and
moving people from inactivity to initiation. Interventions for increasing sport performance
have the objective of increasing movement duration and precision.
In this chapter, we provide a perspective on emerging communication systems for
addressing physical inactivity, which have important potential implications for the
sedentary behavior field in terms of how exposure, attention, and behavior change can be
influenced by information systems. Online information technologies are characterized by
using data transfer systems facilitated by the Internet or telecommunications, including
Twitter, Facebook, and the use of simpler forms such as text messaging. These technologies
include, but are not limited to, stand-alone electronic delivery systems (e.g., counseling
websites), social networks, monitoring and tracking systems, search engines, recommender
systems, and gamification systems. We first describe the information processing stages
from a psychological perspective and then characterize the information systems that are
relevant to influencing physical inactivity. We discuss established contributions and, when
available, system efficacy and consider future opportunities for this exciting area.
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Determinants of Exposure and Attitude
The classic assumption in attitude research is that people are motivated to defend their
attitudes from challenges (e.g., Festinger 1957; Hart et al. 2009; Olson and Stone 2005) and
that this defense leads them to seek out and disseminate attitude-consistent information. In
attitude theory (e.g., Albarracín et al. 2005; Eagly and Chaiken 1993; Zanna and Rempel
1988), the term attitude represents an evaluation of an entity (an issue, person, event,
object, or behavior; e.g., jogging, President Obama). Selective exposure and selective
dissemination both enable people to defend their attitudes, beliefs, or behaviors by
restricting challenging information and ensuring the availability of consistent information.
Selectivity of this type results in what is known as a congeniality bias, traditionally
referring to exposure but here used to encompass information dissemination as well (see
Hart et al. 2009).
Festinger was probably the first to formalize the notion of attitudinal selectivity (1957,
1964). His work states that people avoid information inconsistent with their attitudes and
decisions to prevent the unpleasant state of arousal known as cognitive dissonance. The
potential for learning that one is mistaken can cause dissonance and trigger a search for
consistent information to reestablish the more pleasant state of cognitive consonance. In this
chapter (see also Cappella et al. 2015), we also propose that cognitive dissonance can
trigger dissemination of consistent information to avoid the presence of dissonant,
threatening information in a social network.
The congeniality principle has often been examined with a laboratory paradigm in which
participants select information from alternatives. Prior to this selection, participants make a
decision (e.g., about the guilt of a defendant in a mock trial), form an attitude (e.g., toward
works of art), report an existing attitude (e.g., on abortion), or report a prior behavior (e.g.,
whether they have smoked in the past). Afterwards, participants can select information
about the same issue (e.g., abortion, smoking) from a list of options usually presented as
titles or abstracts of available articles. Typically, half of these options support the
participant’s attitude and the other half contradict it. Selection of more articles that agree
and fewer that disagree with prior attitudes or behavior indicates a congeniality bias,
whereas selection of fewer agreeable articles and more disagreeable ones indicates an
uncongeniality bias.
In one of the first studies ever investigating selective exposure (Adams 1961), mothers
reported their belief that child development was predominantly influenced by genetic or
environmental factors. They could choose to hear a speech supporting either point of view.
Consistent with the congeniality bias, mothers overwhelmingly chose the speech that
favored their view on the issue. Despite periodic challenges to the existence of attitudinal
selectivity (e.g., Freedman and Sears 1965), findings from research synthesis indicate a bias
favoring congenial information, even though there are important moderators of the
phenomenon. Hart and colleagues’ (2009) meta-analysis synthesized 67 eligible reports of
selective exposure that contained 91 studies incorporating 300 statistically independent
groups with around 8,000 participants. The average effect indicating a congeniality bias was
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estimated at d = 0.36 (95% CI = 0.34, 0.39) according to fixed-effects analysis and d = 0.38
(95% CI = 0.32, 0.44) according to the random-effects analysis, both indicating a moderate
congeniality bias.
Hart and his colleagues (2009) proposed a model of selective exposure determinants.
This model can be expanded to also incorporate attitudinal selectivity in dissemination of
information (see also Cappella et al. 2015). In this model, information choices are meant to
fulfill goals to defend attitudes, beliefs, and behaviors and to accurately appraise and
represent reality (Chaiken et al. 1989). Defense and accuracy motives have been popular in
analyses of how people process attitude-relevant information (Chaiken et al. 1996; Eagly et
al. 1999; Johnson and Eagly 1989; Prislin and Wood 2005; Wyer and Albarracín 2005).
Defense motivation can be defined as the desire to defend one’s existing attitudes, beliefs,
and behaviors; accuracy motivation is the desire to form accurate appraisals of stimuli (Hart
et al. 2009). Although previous theorists also proposed a third motive (e.g., see Lundgren
and Prislin 1998), which here we term social motivation, the desire to form and maintain
positive interpersonal relations, Hart and colleagues did not include this motive because it
was not well represented in their synthesized research. This motive, however, is included in
this chapter due to its role in the inherently social character of information transmission
through emerging electronic systems.
Defense motivation is stronger when people who just engaged in a behavior or reported
an attitude or belief receive challenging (versus supporting) information before selecting
new information (Frey 1986; Hart et al. 2009). If people encounter a challenge to recently
expressed attitudes, beliefs, or behaviors, their effort to diminish the cognitive conflict may
increase the selection rate of congenial information (Beauvois and Joule 1996; Festinger
1964). Defense motivation is also enhanced when attitudes are linked to enduring values
(e.g., on controversial issues such as euthanasia or abortion) and when people commit to the
relevant attitude, belief, or past behavior (Brehm and Cohen 1962; Kiesler 1971).
Researchers have operationalized commitment by directly assessing participants’ loyalty
(e.g., Jonas and Frey 2003) or by asking them to dedicate more or less time or effort to
attitude-relevant behavior (e.g., Betsch et al. 2001) or publicly affirm or withhold their
opinions (e.g., Sears and Freedman 1965). In addition, individual personality differences
may affect the extent to which people are motivated to defend their views and behaviors.
Closed-minded people may view challenging information as a threat, whereas open-minded
people may view it with curiosity (Adorno et al. 1950; Altemeyer 1981; 1998).
Furthermore, people who view themselves as incapable of resisting or counterarguing
challenging information may be more motivated to proactively guard against such threats
(e.g., Albarracín and Mitchell 2004). If so, the congeniality bias should be stronger for
people with less confidence in their attitude, belief, or behavior (e.g., Berkowitz 1965;
Brechan 2002; Brodbeck 1956; Feather 1962; Micucci 1972; Thayer 1969).
Accuracy motivation increases attention to and elaboration of attitude-relevant
information and preference for valid information, regardless of its consistency with prior
views (Chaiken et al. 1989, 1996; Kunda 1990). For example, people who are held
accountable for their judgments about a target individual consider and integrate more of the
person’s characteristics and hence can predict that person’s future behavior more accurately
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(Tetlock and Kim 1987). Also, when accuracy motivation is higher, people who lack
sufficient diagnostic evidence are less likely to form an impression of another person
(Kassin and Hochreich 1977). Generally, any issue that could have foreseeable effects on
future personal outcomes (i.e., high outcome relevance) is likely to increase accuracy
motivation (Albarracín 2002; Eagly et al. 1999; Johnson and Eagly 1989; Kruglanski and
Freund 1983; Petty and Cacioppo 1986; Tetlock and Kim 1987; but see Darke and Chaiken
2005) and thus engender unbiased exposure to both congenial and uncongenial information.
Any increase in the utility of uncongenial information also diminishes the congeniality
bias by enhancing accuracy motivation. Researchers have manipulated utility by assigning
participants to either debate an issue or write an essay in support of their attitudes, beliefs,
or behaviors (e.g., Canon 1964; Freedman 1965). Expecting to participate in a debate
enhances participants’ selection of uncongenial information that may be more useful for the
debate (Canon 1964). Correspondingly, the expectation of supporting one’s view in an
essay enhances the selection of congenial information that may facilitate constructing
stronger supporting arguments (Canon 1964). In addition, people may select novel
information, regardless of its position, because new information is typically of greater value
than familiar information (Frey and Rosch 1984). Finally, any increase in information
quality can potentially increase the probability that it will be selected. Contrary to defense
motivation, accuracy motivation should direct people to the highest quality information
despite the potential negative consequences for cognitive conflict. Hence, congeniality
biases in selective exposure may diminish when the uncongenial information is high in
quality but be accentuated when the congenial information is low in quality.
Hart and colleagues’ (2009) meta-analysis thoroughly examined defense motivation as a
source of the congeniality bias. In this synthesis, the congeniality bias was weaker when
there was support for the attitude (rather than no challenge or no support) prior to
information selection, even though the two latter conditions did not differ from each other.
Also, the congeniality bias was larger when the uncongenial or congenial information
available for selection was high or moderate in quality than when it was low; it was also
larger for samples with high rather than moderate commitment to an attitude, belief, or
earlier behavior. Last, the congeniality bias was larger when the value relevance of the issue
was high rather than low, samples were high (versus moderate) in closed-mindedness, and
participants were low or moderate (versus high) in confidence in the attitude, belief, or
behavior.
Hart and team’s meta-analysis also found support for the role of accuracy motivation in
attitudinal selectivity. First, the congeniality bias was larger when the congenial information
was highly useful than when there was no experimental goal, and an uncongeniality bias
appeared when the congenial information was not useful. Second, the congeniality bias was
weaker when the uncongenial information was high in utility than when the congenial
information was low in utility or when there was no goal. Contrary to the moderating role
of accuracy motivation, the congeniality bias was larger when the uncongenial information
was high or moderate in quality rather than low in quality. This finding suggests that highquality uncongenial information is threatening because defense motivation dominates
decisions.
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Various past perspectives have emphasized that attitudes and decisions are used to
manage social relationships (Johnson and Eagly 1989; Prislin and Wood 2005; Schlenker
1980; Tetlock and Manstead 1985). Selecting information in public settings can facilitate or
hinder social goals (Katz 1960; Tetlock and Manstead 1985). For example, the desire to
communicate an attitude to a social group may lead to publicly selecting congenial
information (e.g., Katz 1960). In contrast, the desire to appear as motivated by accuracy or
openness may lead to the public selection of uncongenial information.
Defense, accuracy, and social motives are also important in information transmission or
dissemination, another critical contributor to exposure. An investigation of exposure
decisions made for others (Earl et al. 2009) was based on the notion that selective exposure
for others may follow the same mechanisms as selective exposure for one’s self. To the
extent that selective exposure for others operates under similar principles, people may
choose information guided by their own defense and accuracy motivations. For example,
merely choosing congenial information to be presented to others may reduce the selector’s
cognitive dissonance and generate pleasant affective states. Likewise, people making the
choice may feel they are disseminating accurate information, thus satisfying their own need
for accuracy. More so than with decisions for the self, selective transmission is likely to be
in the service of social motives like relationship maintenance, generating tendencies to meet
the goals of the target person in making the selection.
Suppose people disseminate information that is expected to meet the defense motivation
of the receivers of the information. This bias may be larger for people we like rather than
dislike, since people are more likely to intuit the motives someone they like rather than a
neutral or disliked other (Heider 1958). Examples of the probability of experiencing the
motives and emotions of liked others include vicarious experiences of pain for liked others
(Krebs 1975) and vicarious embarrassment and dissonance for in-group members (Miller
1987; Norton et al. 2003). Consistent with this possibility, Earl and her colleagues (2009)
found that people are aware that others prefer to receive congenial to uncongenial
information. Furthermore, in making dissemination decisions, selectors honor the assumed
or known preferences of others both spontaneously and on command. Interestingly, this
selective dissemination occurs even when no interaction with the target is expected,
suggesting that the same biases may occur for anonymous Internet audiences.
The research by Earl and colleagues (2009) suggests that the motivation to maintain or
enhance social relationships underlies information transmission, producing dissemination of
information expected to be congenial to the recipients. However, the defense motivation for
the selector and the recipient can suggest very different decisions. For example, if the
recipient’s attitude is opposite to the selector’s attitude, the selector may choose information
that meets the defense motivation of the selector or the recipient. Future research needs to
establish which of these motivational forces carries the day. Perhaps the recipient’s
motivation drives decisions when the social motivation is higher than the selector’s defense
motivation, but this possibility needs to be empirically tested in the future.
Like with many other health behaviors, preaching to the choir can be a significant
problem in the area of physical activity as well. As shown by Steel and colleagues (2007a),
however, online tools can present significant advantages when it comes to exposure. In their
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study of adults randomized to different types of programs, the Internet-mediated and
Internet-only groups were more likely to have been exposed to at least 75% of the program
compared to the face-to-face group. Thus, little doubt exists that emerging information
technologies can ensure better exposure and relatively cost-effective capturing and retention
of audiences in need of physical activity promotion.
Finally, exposure to emerging media also depends on message factors that have been
reviewed elsewhere (Cappella et al. 2015), including utility, novelty, and the type and
intensity of emotions evoked by the information. For instance, Thorson (2008) examined
news articles providing advice on such issues as medical problems, real estate, finance,
personal relationships, and jobs. Findings indicated that articles that remained on the New
York Times’ most e-mailed list were longer, supposedly containing more information (see
also Berger and Milkman 2012). Novel content is also more likely to be transmitted than
well-known content. Likewise, studies of New York Times news articles have shown that
surprising articles are more frequently shared than unsurprising ones (Berger and Milkman
2012; Thorson 2008), and individual retransmission of information has been shown to
correlate with evaluation of the information as novel (Kim et al. 2013). Further, positive
emotionality and emotional intensity both seem to correlate with virality (Berger and
Milkman 2012; Carter et al. 2011; Eckler and Bolls 2011).

Determinants of Attitude and Behavior Change
Whether online information and emerging systems influence physical activity depends on
the persuasiveness of the information and the degree to which that information is tightly
linked to the behaviors being targeted. Like exposure, the persuasiveness of the information
depends on defense, accuracy, and social motives, such that information that agrees with the
recipients’ values is perceived as strong, factually accurate information and data are
perceived as strong, and information aligned with social norms is perceived as compelling
(see e.g., Hart et al. 2009). However, the ultimate behavioral influence of the information
depends on the linkage of the information with the recommended behavior. For example,
one may change the perception that exercise helps people to relax, but this belief will be
inconsequential for those who do not care about relaxing. Or a message may state that
exercise is enjoyable, but such a belief will have no effect in people who fail to exercise
because it is difficult or they lack structural opportunities to do so. Therefore, efficacious
information connects with the determinants of the behavior.
Considerable past research and theorizing support the point that the ultimate effect of the
information depends on its potential to influence immediate determinants of behavior.
Several theoretical models have identified motivational and cognitive antecedents of health
behaviors (lettered a through e), including physical activity (see Albarracin et al. 2005). For
example, the theory of reasoned action (Fishbein and Ajzen 1975) and the theory of planned
behavior (Ajzen and Madden 1986; for a meta-analysis, see Albarracín et al. 2001) state
that health behaviors stem from (a) the perceived desirability of the behavior (i.e., positive
attitudes and expectancies about physical activity) and (b) the normative pressure to engage
in the behavior (i.e., social norms). The theory of planned behavior also includes (c)
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perceptions that physical activity is easy and up to the individual (i.e., perceived behavioral
control). Social cognitive theory (Bandura 1986, 1989, 1994) assumes that feeling capable
of performing a behavior is central to implementing that behavior, implying that feeling
efficacious in the area of physical activity should increase compliance with exercise
recommendations. Furthermore, social cognitive theory (Bandura 1989) and the
information-motivation-behavioral skills model (Fisher and Fisher 1992) both state that
people are more likely to perform a behavior once they acquire relevant (d) knowledge and
(e) behavioral skills.
Although other determinants of health behavior have been proposed (see e.g., Janz and
Becker 1984; Floyd et al. 2000; Rogers 1975; Rosenstock 1974; Rosenstock et al. 1994; for
a review, see Albarracin et al. 2005), attitudes, norms, self-efficacy, and behavioral skills
appear to be the strongest, most consistent pathways leading to intentions and actual
behavior. Evidence also exists that interventions containing components for inducing
change in these determinants are more efficacious than programs lacking these elements.
For example, a health-promotion intervention may attempt to motivate recipients by
increasing favorable attitudes and norms. Further, a persuasive communication may not
only tout the benefits of the advocated behavior (i.e., attitudinal arguments) or mention
groups that support it (i.e., normative arguments), but also describe how success in meeting
health goals depends on preparatory actions (i.e., behavioral skills arguments), such as
scheduling physical activity in advance. As another example, a widely accepted strategy is
to have people role-play skills, including resistance to the behavior by people close to them
(i.e., behavioral skills training). Presumably, behavioral practice and instructional feedback
facilitate the acquisition of key behavioral skills.
The effect of different intervention strategies has been most intensely investigated in a
meta-analysis of the effects of HIV-prevention interventions. As part of this project
(Albarracín et al. 2005), more than 350 interventions and around 100 control groups were
selected comprising a large number of countries, U.S. states, and years. For each of these
groups or conditions, the researchers calculated amount of change in behavior (e.g.,
increases in condom use frequency) as well as change in various psychological variables as
a function of intervention strategies consistent with the theories outlined previously.
Messages that mentioned outcomes of the target behavior were coded as including
attitudinal messages. Messages that mentioned who in the recipient’s network might
support the behavior were coded as including normative arguments. Messages that
mentioned how recipients may feel more in control of the behavior were classified as
including control arguments. Programs with active behavioral skills training were coded as
such.
One important conclusion from the meta-analysis by Albarracín and colleagues (2005)
was that the inclusion of attitudinal, normative, and control arguments was beneficial, but
interventions that included behavioral-skills training had the greatest effect. Furthermore,
the benefits of each type of strategy also depended on the degree of control people had over
the behavior. Consistent with the possibility that women had less control over condom use
than did men, the effect of self-management skills training was stronger for women than for
men. Similarly, populations with lower education, ethnic minorities, and younger
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populations benefitted more from behavioral skills training than did their more educated,
older counterparts. Presumably, the lack of resources associated with lower education,
ethnic minority status, and younger age created a greater need for behavioral skills to offset
obstacles and facilitate compliance with the behavioral recommendation.
Systematic reviews of the efficacy of face-to-face interventions for increasing physical
activity suggest that information provision and social support can be effective, but many
interventions are dismal failures (Kahn et al. 2002; O’Reilly et al. 2011). A recent metaanalysis reported a positive effect of online interventions (Davies et al. 2014), which
suggests the need to continue to invest in the use of technology for reducing physical
inactivity. Several online programs have been designed to influence physical activity using
the same theoretical constructs that have proved advantageous in other health-promotion
domains. For example, a study by Marshall and associates (2003) revealed that a stagebased physical activity website significantly decreased sitting time and increased
motivational readiness for physical activity. Steele and colleagues (2007b), however,
conducted a randomized trial comparing intervention delivery modes for a 12-week
physical activity intervention based on social cognitive theory (Health-eSteps). Results
indicated no differences between intervention groups and no increases in activity over time
for any group. However, a later study by the same authors (2007a) showed that ensuring
exposure led to significant increases in physical activity. Overall, though, there is sufficient
interest in making emerging technologies successful in this domain and a need to
systematically review the characteristics and efficacy of emerging systems, as we do
presently.

Information Systems
The Internet era arrived with the intent to use websites to deliver informational and
counseling interventions in all domains, including the promotion of physical activity.
Various platforms associated with social networks (e.g., Twitter, Facebook, blogs) allow for
delivery of information and social normative influences that can affect physical activity and
other health behaviors. Many monitoring and tracking systems have been designed to
provide accurate feedback and reinforcement of physical activity and often involve social
networks to strengthen social monitoring and normative pressures. Gamification can be
used with social networking and monitoring purposes and search engines enable active,
deliberate information seeking. Finally, both search engines and expert recommendation
systems influence information exposure through two modes: push and pull. In the push
mode, the information is pushed to a user by a system (e.g., the advertisement displayed by
a search engine, or recommendation of movies), whereas in the pull mode, the user takes
initiative to seek the relevant information (e.g., seeking relevant information types in a
query in a search engine or browsing a collection of items). In general, in the pull mode, a
user has a clear information need and thus can be assumed to pay more attention to the
information than in the push mode, in which the user can easily choose to ignore the
recommended information. Sometimes, however, the boundaries between push and pull are
not that clear. For example, a search engine can manipulate the search results to embed

571

recommended information directly in the search results. Such an implicit recommendation
in response to an information need likely enables effective influences on the user, perhaps
even stronger influences than those obtained through direct push-type recommendations.
Internet users tend to be unaware of the inevitable bias in the results returned by a search
engine, which suggests the possibility to leverage search engines to intentionally tailor
content to correct people’s sedentary behavior. Table 27.1 describes how each system
relates to the stages of exposure, attention, and behavior change. We review details of the
systems and available efficacy data in the upcoming sections.

Table 27.1 Electronic Information Systems and Likelihood of Influence at the
Stages of Exposure, Attention, and Behavior Change
Psychological
stage

Exposure to information Attention to informa- Behavior change
and messages and materi- tion and messages and
als
materials

<tch2>InforCan make information acmation delivery cessible, particularly if
systems
presented in ways that
highlight congeniality
with prior attitudes and
behaviors.

Can increase attention
if the material is novel and emotionally interesting.

The evidence is mixed.
Can occur but depends
entirely on the design
of the materials.

Social networks

Can increase attention
if the material is novel and emotionally interesting.

Has not been tested for
all platforms. Available evidence for Facebook is mixed.

Monitoring and Not applicable
tracking tools

Not applicable

Evidence is mixed.
Depends entirely on
the design of the materials.

Search engines Excellent tool for making
information available.
Biases are prioritizing
positive responses to

Can increase attention
if the material is novel and emotionally interesting.

Can probably occur
but depends entirely
on the design of the
materials.

Can make information accessible, particularly if
presented in ways that
highlight congeniality
with prior attitudes and
behaviors. Can leverage
the social network to ensure information relevance.
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questions, clicks from
other users, and negative
health outcomes.
Recommender Excellent tool for tailorsystems: iming information exposure
plicit or emto user.
bedded

Can increase attention Can probably occur
if the material is nov- but depends on the mael and emotionally in- terials.
teresting.

Recommender Excellent tool for tailorsystems: exing information exposure
plicit, standto user.
alone

Can increase attention
if the material is novel and emotionally interesting. Depends on
user’s trust in the system. It can increase
reactance because it is
obvious.

Can probably occur
but depends on the materials and trust in the
system. System can increase reactance because it is obvious.

Gamification

Can increase attention
if the material is novel and emotionally interesting.

Depends on the materials. Systems often
present simple information but could
evolve to include more
complex programs.
Ideal for training skills
if designed with a
strong behavioral science basis.

systems

Can make information accessible, particularly if
presented in ways that
highlight congeniality
with prior attitudes and
behaviors.

Websites as Information Delivery Systems
Since the advent of the Internet, there has been exponential growth in the use of websites
to deliver interventions previously delivered in person or on the phone. The main rational is
that online information is accessible irrespective of location, and offers the possibility of
greater engagement and tailoring relative to a print presentation (see table 27.1). A large
number of empirical studies have tested the efficacy of these programs in the domain of
physical activity, and the resulting evidence shows that many programs are effective but
many are not. Our literature review identified 16 studies showing at least some
improvements in physical activity as a result of an Internet-delivered intervention. Spittaels
and others (2007) examined the efficacy of an Internet-delivered physical activity
intervention that provides computer-tailored feedback to a general population sample. The
researchers compared recipients of Internet-based interventions with or without repeated
feedback (two intervention groups) with a no-intervention control group. Results revealed
significant increases favoring the intervention group for active transportation and leisure-
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time physical activity and a decrease for minutes sitting on weekdays, with no significant
differences resulting from feedback provision. Irvine and colleagues (2013) evaluated the
efficacy of a 12-week Internet intervention for helping sedentary older adults over 55 years
of age adopt and maintain an exercise regimen. At post test, intervention participants
showed significant improvements in 13 of 14 outcome measures compared to the control
group. Glasgow and others (2010) conducted a randomized trial to evaluate minimal and
moderate contact versions of an Internet-based diabetes self-management program
compared to an enhanced-usual-care condition. The Internet-based intervention produced
significantly greater physical activity improvements than the enhanced usual care condition,
but the improvements were independent of intervention dosage. Gow and colleagues (2010)
evaluated an Internet intervention with first-year college students randomly assigned to one
of four treatment conditions: no treatment, 6-week online intervention, 60-week weight and
caloric feedback only (through e-mail), and 6-week combined feedback and online
intervention. Following the intervention administration, the combined intervention group
had lower BMI at post-testing than the other three groups. Carr, both individually (2009)
and with colleagues (2008), sought to determine whether the Active Living Every Day
Internet-delivered physical activity program was effective (intervention versus delayed
intervention control) and found that the intervention increased physical activity. Similarly,
promising results were reported in other studies (De Bourdeaudhuij et al. 2010; Carr el al.
2013; Dunton et al. 2008; Huang et al. 2009; Lau et al. 2012; Liebreich et al. 2009; Mailey
et al. 2010; Napolitano et al. 2003; Winett et al. 2007; Schwinn et al. 2014; Van Wier et al.
2011), suggesting that online interventions can be efficacious at inducing physical activity.
In addition to the successful studies suggesting the efficacy of Internet-delivered
programs, we also identified 12 showing null effects and 3 reversals for which the
intervention decreased physical activity. For example, Cullen and colleagues (2013) tested
the influence of a website promoting nutrition and physical activity for adolescents. Over 8
weeks, participants were asked to weekly log on to either an intervention or a control
condition website to review web content and set goals to improve dietary and physical
activity behaviors. At a post test occurring after 8 weeks, a greater proportion of
intervention-group participants reported eating three or more daily vegetable servings in the
past week compared to the control group. Although both groups reported significant
increases in physical activity and significant decreases in TV watching, there were no
differences across conditions (for similar results, see Bosak 2007; Cooperberg 2014; Kosma
et al. 2005; Leung 2011; Morgan et al. 2009; Maher et al. 2010; Pekmezi et al. 2010; Skår
et al. 2011; Van Genugten et al. 2012; Webber et al. 2008; Whittemore et al. 2013). Studies
showing boomerang effects of online physical activity interventions are rarer but not
inexistent. For example, Marks and colleagues (2006) compared the effectiveness of a webbased physical activity intervention with identical content delivered in a printed workbook
among a sample of adolescent girls. Both groups had significant changes in physical
activity self-efficacy and intentions, but the print group demonstrated greater increases in
intentions and self-reported activity than the Internet group. Thus, online programs offer
promise but must be carefully pretested; they are as good as the materials they present (see
table 27.1).
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Social Networks as Information Delivery Systems
Because social networks have great capacity to diffuse innovations, it is not surprising
that online communities have been touted as a sort of magic bullet for the promotion of all
kinds of health behaviors, including physical activity. Networks can effectively disseminate
information by tapping interpersonal connections; they are also a repository of information
(see table 27.1). In this section, we review these platforms and their potential, which is
clearly vast if the associated programs can ensure attention and behavior change efficacy.

Twitter
Twitter is a platform that allows for rapid dissemination of information in a network.
Born in 2006, Twitter now has more than 200 million active users who post more than 300
million tweets per day. Not surprisingly, as with any emerging media that acquires
popularity, people use it to find and spread information and to network with others. The
delivery of short and frequent messages and the easy and casual access to information that
does not require approval or ad hoc mutual connections have made Twitter an effective and
powerful platform for delivering health information and promoting public health awareness
and positive behavior change. By following existing social networks (e.g., friends,
colocated users), health providers (Chretien, Azar, and Kind 2011), and government users
such as state health departments (e.g., CDC) (Neiger et al. 2012), Twitter users may receive
a wide range of health-related information on various topics such as promoting dental
health (Heavilin et al. 2011), improving sleeping habits (Jamison-Powell et al. 2012),
smoking cessation (Prochaska et al. 2012), managing diabetes and cancer (De la Torre-Díez
et al. 2012), and treating concussions (Sullivan et al. 2012). Twitter has also been shown to
be useful for patients with chronic diseases, who seek advice, discuss treatment options, and
find support and role models that would otherwise be unavailable (Jamison-Powell et al.
2012; Sullivan et al. 2012). For instance, researchers have examined the discussion of
antibiotics on Twitter and found that the relevant conversations cover a wide range of topics
related to the treatment such as general use, advice, as well as side effects and misuse
(Scanfeld et al. 2010). Moreover, Twitter-based interventions (e.g., from the CDC) directly
target behavior change by delivering information or reminders through Twitter updates.
Twitter can thus increase exposure to very brief messages or links to more complex
programs through websites. The ultimate attention and exposure depend on the content of
the disseminated materials (see table 27.1).

Facebook
Facebook is currently the most popular form of online social media. It allows users,
groups, and organizations to create their own web pages, publish various content (e.g.,
texts, external links, images, video), and connect with each other by either adding someone
as a friend (mutual connection) or following another user (one-sided connection). Facebook
was founded in 2004 and currently has more than 1 billion active users.
Unlike Twitter, Facebook is based on users’ existing ties, such as family members and
friends. As a result, social motivations play a prominent role in users’ information sharing
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and seeking. For example, research has shown that Facebook is often used to update others
about one’s health goals and progress toward goals, increasing personal accountability as
well as seeking and providing emotional support. These characteristics make Facebook
ideal for maintaining behavior change and inducing self- and social monitoring, although
the public nature of information sharing may lead to greater reporting of successes than
failures (see e.g., Newman et al. 2011). Facebook, however, is less frequently used to seek
information advice compared to presently discussed social media surrounding specific
health issues (e.g., a health forum; Skeels et al. 2010; Newman et al. 2011).
Up to now, however, the effects of Facebook-based programs are mixed at best. On the
one hand, there is a comparison between a 12-week Facebook-based intervention aimed at
increasing moderate- to vigorous-intensity physical activity (MVPA) and a Facebook-based
self-help comparison condition. Over 12 weeks, both groups increased self-reported weekly
minutes of MVPA, but there was no significant difference between groups. However,
increases in light physical activity were greater relative to the control group, and the
experimental group reported significant weight loss over time (Valle et al. 2012). On the
other hand, a test of the efficacy and feasibility of a social support intervention primarily
delivered through Facebook revealed no differences in physical activity outcomes across
groups (Cavallo 2013).

Specialized Online Health Communities
Online health communities are made up of groups formed around common health
interests or concerns. They offer the benefits of asynchronous communication and thus
wide temporal access to the information, anonymity, and ample accessibility regardless of
isolation and mobility (White and Dorman 2001; Farnham et al. 2002; Hwang et al. 2010).
For example, PatientsLikeMe is an online social platform that can automatically identify
and suggest connections with others sharing similar concerns or background information
(for its effects, see Wicks et al. 2010).
Content analysis of online health communities has shown them to be important sources
of informational support and emotional support (Fogel et al. 2002; Rodgers and Chen 2005;
Mo and Coulson 2008; Ziebland and Wyke 2012). Users can exchange information about
the course of diseases, treatments, side effects, communication with physicians, financial
and other burdens, and treatment outcomes (Rodgers and Chen 2005; Coulson 2005). Users
can also obtain emotional support, including encouragement and compassion from other
members, a greater sense of community, reduced feelings of isolation, as well as improved
self-confidence (Salem et al. 1997; Preece 1998; White and Dorman 2001; Klemm et al.
2003). A longitudinal content analysis on a breast cancer online community revealed a
positive shift in patients’ affect toward the disease and treatments, as well as improved
psychosocial outcomes (Blanchard et al. 1995; Rodgers and Chen 2005).
Online health communities also provide first-person accounts from people with similar
experiences or with more experience dealing with particular health issues. The communities
can satisfy patients’ information needs, especially for people with low health literacy and
the desire to learn from others who have actual experience in an area (Hibbard and Peters
2003). From an informational perspective, peer patients’ accounts of disease and treatment
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may make the information more relevant (Sillence et al. 2007), facilitate comprehension
(Hibbard and Peters 2003), and provide contexts to support reasoning about disease causes
and outcomes (Rothman and Kiviniemi 1999). Sharing and learning about personal
experience in online health communities can also contribute to behavior change (Ziebland
and Wyke 2012). Online social groups that aim at facilitating behavior change, such as
those focusing on weight loss, smoking cessation, and chronic disease management, can
increase confidence and self-efficacy (Anderson-Bill et al. 2011), provide social support for
making changes, increase social pressure and competition to promote adherence (Hwang et
al. 2010), and enhance attention to and comprehension of information (Ziebland and Wyke
2012).
The effects of a specialized online community were examined in a study of an Internetmediated program to promote physical activity (Richardson et al. 2010). The study
compared an Internet-mediated walking program (participants could post and read
messages from other participants) with no online community. Both arms significantly
increased their average daily steps between the baseline and the post test, but there were no
significant differences in increase in step counts between the two arms. Online health
community interventions, however, are in their infancy, and their contents and methods
must be refined before solid efficacy conclusions can be reached (see table 27.1).

Blogs and Vlogs
Blogs and vlogs (video blogs) are sites typically created and maintained by an individual,
or a group of people, who posts original entries presented in reverse chronological order.
These posts are read by users who can make online comments. These days, many patients,
health professionals, health issue activists, and organizations use blogs to record
experiences, express views, and promote public health awareness. Compared to online
health communities, blogs provide more author control over the information, and are easy
to set up, but they often require a high level of commitment to regular posting and response
monitoring. Blogs and vlogs also help to disseminate information by sharing external links
to website repositories, linking to and citing from other blogs, and encouraging
communication between authors and audiences (e.g., by commenting on the posts).
Blogs provide many informational and social benefits for health promotion and
management. For example, by surveying bloggers who write about chronic pain and illness,
Ressler and colleagues (2012) found that by providing opportunities to articulate illness
narratives, blogs increased connection with others, decreased isolation, promoted social
accountability, and created opportunities to help others and gain new insights. For example,
cancer patients (Chung and Kim 2008) use blogs for emotion management, information
sharing, and problem-solving on issues such as seeking alternative care options. Recently,
video blogging has become popular. Patients with chronic illnesses, such as HIV, diabetes,
and cancer, vlog to create rich and strong connections with viewers, engage in a form of
self-therapy, and seek and provide social support (Liu et al. 2013; see also Hoff et al. 2008).
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Computer-Mediated Communication Tools
The wide adoption and frequent, often daily, use of computer-mediated communication
tools, such as e-mail, texting, and instant messaging, make them convenient and useful for
delivering health-related information. For instance, by sending regular messages to
consented or subscribed users, e-mail-based interventions have been shown to be effective
in promoting physical activities and healthy diets (Franklin et al. 2006). Patients widely use
computer-mediated communication to communicate with providers, family members,
friends, and other patients. By offering fewer communication barriers and greater flexibility,
computer-mediated communication can lead to higher satisfaction with communication,
more sharing of psychosocial content, and better health outcomes than traditional
communication channels such as the telephone (Lin et al. 2005). Disease-specific mailing
lists are an important tool for patients with chronic diseases such as cancer or rare diseases
such as primary biliary cirrhosis (Lasker et al. 2005). Patients can seek advice on treatmentrelated issues, receive validation and support from peers, learn about the experiences of
others, receive suggestions on how to communicate with health care providers, obtain
information for problem management, and learn to cope with disease recurrence. All
computer-mediated communication is helpful for patients with limited mobility,
communication difficulties, chronic diseases, and mental health problems (see e.g., Burke et
al. 2010).
However, evidence is mixed about the efficacy of using computer-mediated technologies
such as e-mail for the promotion of physical activity. For example, Wadsworth (2006)
evaluated the efficacy of an e-mail intervention based on social cognitive theory to increase
physical activity in college women. In this study, the intervention group received e-mails
every week for 6 weeks and then every other week until 22 weeks. They also received
access to an e-counselor and a Blackboard account. Meanwhile, the control group received
paper information on starting an exercise program and information from their baseline
physical activity measurements. Results indicated that the intervention increased behavioral
skills and days of self-reported moderate physical activity at 6 weeks, but no difference for
vigorous physical activity and no effects were found at 22 weeks. Similarly, a web-based
physical activity intervention showed some effects at 6 weeks but no effects at 13 months
(Wanner et al. 2009). Other programs have had similarly disappointing results (Kelders et
al. 2011; Spittaels et al. 2007).
Other studies, however, show greater promise. Oenema and colleagues (2008) evaluated
the short-term efficacy of an Internet-delivered, computer-tailored lifestyle intervention
targeting saturated fat intake, physical activity, and smoking cessation, compared with a
wait-list control. This intervention resulted in significantly lower self-reported saturated fat
intake and a higher likelihood of meeting the physical activity guidelines among the
respondents who were insufficiently active at baseline. Likewise, an evaluation of a 12week intervention for sedentary patients recovering from breast cancer performed by
Hatchett (2009) showed that receiving e-mails and being e-counseled increased days of
self-reported moderate physical activity at 12 weeks and days of self-reported vigorous
physical activity at 6 and 12 weeks. This intervention was based on social cognitive theory,
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suggesting that the content of the associated materials is key to behavior change (see table
27.1).

Electronic Monitoring and Tracking Systems
Many technologies have been developed to measure and track physical activity, weight
loss (Purpura et al. 2011), sleep (Kim et al. 2008), biometric data, disease management, and
mental health (Bardram et al. 2012; Matthews et al. 2008). Computer-based monitoring and
tracking tools often focus on improving self-management and adherence by providing
timely feedback through enhanced records presentation and summarization. For example,
visualization technology is often used to make the results easy to comprehend but
sometimes also serves to motivate users through nudges such as progress made, goals, and
social comparison. For example, UbiFit Garden (Consolvo et al. 2006) used a garden
metaphor to help users visualize activity and complete goals. Breakaway (Jafarinaimi et al.
2005) used an ambient display on a computer screen—a sculpture slumping over time—
responsive to deficits in physical activity.
Social sharing, typically in the form of light-hearted comments, accompanies many of the
tracking and monitoring applications in the market. In many monitoring applications, users
can choose to broadcast to their social network by reporting progress, initiating discussion,
and seeking social support. For example, BuddyClock (Kim et al. 2008) tracked users’
sleeping status and enabled users to share data with others with the objective of increasing
health awareness and motivate healthy behavior. MAHI (Mobile Access to Health
Information) was a mobile monitoring application that tracked food intake and also served
as a social platform for users to share and discuss information with peers (Mamykina et al.
2008). Research has found that sharing such information promotes awareness and can
increase motivation, adherence to plans, and reflection about health behavior (Maitland et
al. 2006). Social sharing of tracked results may also provide incentives in the form of social
support, feedback, positive reinforcement, and social pressure.
The degree to which monitoring systems have demonstrated effects on the promotion of
physical activity seems less clear, however. On the positive side, Lubans and colleagues
(2009) evaluated the effect of a school-based intervention incorporating pedometers and email support on physical activity in adolescents and found that the intervention group
increased step counts more than the control group. In contrast to this success, however,
failures abound. For instance, Slootmaker and others (2009) evaluated the feasibility and
efficacy of a 3-month intervention in which Dutch office workers were provided with a
personal activity monitor coupled to simple and concise web-based advice on physical
activity. After 3 months, there were no significant effects on sedentary behavior or any
physical activity outcome. Likewise, Cavallo (2013) tested the efficacy of a physical
activity intervention that combined education, physical activity monitoring, and online
social networking (Facebook) to increase social support for physical activity compared to
an education-only control. Although participants experienced increases in social support
and reported increased physical activity over time, no differences were noted across
monitoring and control conditions. In a third illustrative failure, Robroek and colleagues
(2012) evaluated the cost-effectiveness of a long-term workplace program promoting
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physical activity. The intervention included online action-oriented feedback, selfmonitoring, a forum to ask questions, and monthly e-mail messages, but did not differ from
the standard program (physical health check with face-to-face advice and personal feedback
on a website). Overall though, a meta-analysis of pedometer interventions (Kang et al.
2009) showed moderate increases in activity as a result of electronic monitoring. Therefore,
more sophisticated tracking systems that can be built in with other components offer
promise.

Search Engines
The most influential information systems are various search engines, notably web search
engines like Google and Bing, which are used routinely by many people in the world every
day. A major Internet search engine like Google processes more than 1 million queries daily
and delivers content that can have significant influences on users and their health.
According to a recent survey by the Pew Internet and American Life Project (Fox and
Duggan 2013), 59% of U.S. adults have looked for health information online in the past
year, primarily using search engines such as Google, Bing, and Yahoo. Moreover, a survey
of health-information-seeking practices (Sillence et al. 2006) found that more than 73% of
respondents used the World Wide Web for health advice, support, or preparation for a
medical appointment. Moreover, online contents influence people’s decisions regarding
whether to visit their general practitioner or a medical specialist (Baker et al. 2003; White
and Horvitz 2009a; 2013).
A recent study involving a combination of web search log analysis and user studies
showed that web searchers exhibit their own biases and are also subject to biases introduced
by the search engine (White 2013). White studied search-related biases through multiple
probes in the health domain, including an exploratory retrospective survey, human labeling
of the captions results returned by a web search engine, and a large-scale log analysis of
search behavior on that engine. Results revealed that users of web search engines tend to
seek evidence to confirm a belief that they already held before searching, a clear form of
congeniality bias (see Cappella et al. 2015; Hart et al. 2009; see table 27.1). Furthermore,
most seekers of health information are searching for answers to questions, but search
engines strongly favor a particular, usually affirmative, response irrespective of the truth.
This bias is introduced when searchers click through on links that confirm information
when they ask a question, a practice that induces propagation of both the positional bias
(i.e., users tend to click on highly ranked results regardless of whether they are really
relevant; Joachims et al. 2005; Pan et al. 2007) and the tendency to seek information that
agrees with the initial belief that guided the question (another form of the congeniality
bias).
\qqBegin special element\
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Cyberchondria
Another bias introduced by search engines favors emotionally negative, anxietyprovoking information. Specifically, people are often overly concerned with serious
diseases and thus click on fear-inducing items, leading to that information being featured
more prominently online than in traditional media (White and Horvitz 2009b). The bias in
search engine results in the medical domain leads to a phenomenon referred to as
cyberchondria, the unfounded escalation of concerns about common symptomatology based
on the review of search results and literature online. This bias further shows the great
potential of a web search engine to influence users and, in particular, to influence people’s
sedentary behavior in a positive way. Search engines outside the Web operate in a similar
way and also hold the potential to be leveraged to promote physical activity. The degree to
which they can ignite behavior change, however, ultimately depends on the information and
programs users find (see table 27.1).
\qqEnd special element\

Recommender Systems
Recommender systems (Ricci et al. 2011) can take different forms, including stand-alone
platforms that e-mail recommendations to users and embedded systems (e.g., the
advertising components in a web search engine) that push information through a search
engine (i.e., contextual advertising; Broder et al. 2007). Regardless of its specific form, a
recommender system generally attempts to infer a user’s interests or information needs,
matches users’ interests with a set of recommendations, and chooses and delivers wellmatched items. Relevant to the theme of this book is the recommendation of such products
as exercise equipment or health information to promote physical activity. Recommender
systems can also be used to suggest interventions and online materials that have the
potential to change the user’s physical activity patterns (see table 27.1).
In contrast to a search engine that responds to a user’s request, a recommender system
simply imposes the information on a user. As a result, in general terms, exposure to the
recommended information may not be as effective as exposure when the user has taken the
initiative to seek relevant information. However, if relevant and interesting to a user, a
recommended item might be particularly influential because the information may not be
what the user expected to find or even knew existed. A key technology barrier for
recommender systems is ensuring that the recommended information is sufficiently
interesting and novel to capture users’ attention (see table 27.1). Many computational
techniques can be leveraged to achieve this goal, notably information retrieval (Shen et al.
2005; Zhai 2008) and machine learning technologies (Liu 2009; Wang et al. 2013).
Although little research exists on how users respond to recommended online information,
information recommended by a trusted friend may have more influence on a person than
information directly recommended by a system. For example, Berger and Milkman (2010)
have shown why some online content is more viral than others. Using a news data set, they

581

examined how emotion shapes virality and found that positive content tends to be more
viral than negative content and that information of both positive and negative valence
(items evoking either awe or anger and anxiety) more frequently becomes viral than
depressing information. These findings suggest that online social networks can be
potentially leveraged to recommend selected positive content to users who need to change
their sedentary behavior.
To facilitate behavior change, recommender systems can also work as a persuasive
technology by pushing forward healthier and more beneficial information or choices to
users (Felfernig et al. 2013). For instance, a substantial amount of research exists on the
development of recommender systems that encourage healthier food choices (Mankoff et al.
2002; Lee et al. 2011; Wagner et al. 2011). Recent research has also started to explore
activity recommender systems that can facilitate physical activity and lifestyle changes. For
example, Hammer and colleagues (2010) proposed a recommender system to support
diabetes patients’ self-management by providing recommendations on food intake and
exercise. In particular, Bielik and others (2012) developed Move2Play, a system designed to
make activity recommendations that also has tracking, evaluation, and gamification
elements. Although most of these studies so far have focused on developing relevant
recommendation algorithms, preliminary user evaluation has revealed positive user
reception. Recommender systems can be hoped to ultimately increase exposure to physical
activity programs, although the ultimate effects on attention and behavior change will be
driven by the nature of the materials users access (see table 27.1).

Gamification Systems
Besides its use for entertainment, a game may deliver various benefits that depend on
how the game is designed. This has led to the emergence of a new field called gamification
(Deterding et al. 2011), which refers to the use of game thinking and game mechanics in
non-game contexts with the objective of engaging users in problem-solving. The reported
benefit of gamification systems for business corporations spans a wide spectrum, including
improving employee training, attracting talent, and enhancing motivation, productivity, and
innovation (Object Frontier 2013). Quite a few games have been created to promote wellbeing and physical fitness, such as SuperBetter (www.superbetter.com) and Zombies, Run!
(www.zombiesrungame.com).
With the increasing adoption of smartphones, such games can become easily available in
mobile contexts and ubiquitous. Moreover, compared with search engines and
recommender systems, gamification systems have the significant advantage of going
beyond exposing users to the desired content to further enable longer-term engagement of
users. Many games use stories, fantasy, and visual and audio experience, to attract and
maintain attention, create an immersive experience, and engage users through interactivity,
emotions, and persuasion (e.g., tailored messages, goal setting; Baranowski et al. 2008).
In term of their content, gamification systems that focus on health behavior change
include games promoting physical activity, diet intervention games, and educational games
on health and disease management. Among games that promote physical activity,
exergames are best received. These are typically video games that use players’ energy
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expenditure from physical activity as input to drive the games, achieved by mapping the
physical input into points or rewards in the virtual games (Orji et al. 2013). Many of these
games use sensors to track users’ movement, but some use biometric data such as heart rate
(De Oliveira and Oliver 2008). Popular exergames include Dance Dance Revolution (DDR)
and various video games played on Nintendo Wii and Xbox Kinect. Previous research has
found that exergames contribute to fitness and weight loss (Biddiss and Irwin 2010; Staiano
and Calvert 2011; Unnithan et al. 2006). In a meta-analysis, Peng and colleagues (2011)
concluded that playing exergames leads to increases in heart rate, oxygen consumption, and
energy expenditure comparable to light- to moderate-intensity physical activity. Exergames
have also been reported to have psychosocial and cognitive benefits such as increased selfesteem, social interaction, motivation, attention, and visual-spatial skills (Gao and Mandryk
2012; Staiano and Calvert 2011). Encouraging sustained use is likely the challenge for these
systems, so integrating them into daily life tasks may be the next item of the agenda.
Another category of virtual games focuses on promoting users’ daily life activity. These
rely on pedometer or mobile devices to track users’ steps or movements and integrate
gamification elements such as goal setting, rewarding, and reinforcement. Moreover, an
emerging trend in these applications is to use social gameplay to elicit social facilitation,
social comparison, normative influence, and social learning (Maitland and Chalmers 2011).
For instance, Fish ’n’ Steps (Lin et al. 2006) tracked users’ physical activities and mapped
them onto the activity of a virtual fish in a virtual tank. In a 14-week evaluation study, the
game was found to act as a catalyst for promoting exercise beyond the trial period and
improving game players’ attitudes toward physical activity. American Horsepower
Challenge is a web-based game that follows users’ daily activity and translates activity
amounts into points in a virtual race (Poole et al. 2011). A large-scale field trial with 61
schools found that the game significantly increased the number of steps in youth.
Diet-intervention games attempt to promote healthy eating behavior for weight control
and improved health. Some focus on tracking and monitoring food intake, some provide
just-in-time information or messages to remind users to make appropriate food decisions at
the time of eating, and others educate users about healthy eating habits (Consolvo et al.
2006; Grimes et al. 2010; Orji et al. 2013). For instance, OrderUP! is a goal-based roleplaying game in which the player (assuming the role of a waiter) recommends healthy food
to customers (Grimes et al. 2010). LunchTime was a role-playing multiplayer game in
which a group of users with specific health goals collaboratively chooses food from a
restaurant menu (Orji et al. 2013). Past evaluations of these games has shown positive
effects on learning, reflection, and attitude and behavior change (Consolvo et al. 2006;
Grimes et al. 2010; Orji et al. 2013).
Video games may provide several advantages over didactic education and disease
management, including vicariously practicing behavioral skills, facilitating complex
problem-solving and contingency-based learning, and acquiring procedural knowledge in
an interactive manner (Thomas et al. 1997). Previous studies have examined the effects of
video games for stroke rehabilitation (Brown et al. 2009), physical therapy (Herndon et al.
2001), mental-health care (Wilkinson et al. 2008), pain management (Hoffman et al. 2001),
and management for such conditions as diabetes, cystic fibrosis, cancer, and asthma
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(Bartholomew et al. 2006; Brown et al. 1997; Davis et al. 2004; Kato et al. 2008; Lin et al.
2005; Mamykina et al. 2008). The scientific evidence so far promises to link game use to
effective disease management, medication adherence, self-efficacy, disease-related
knowledge, and health service use. The ultimate efficacy, however, will be driven by
efficacious contents informed on the science of behavior change (see table 27.1).

Summary
In this chapter, we use a psychological framework to systematically examine the
potential effects of various technological systems, namely delivery systems such as
websites, social networks, monitoring and tracking tools, search engines, recommender
systems, and gamification systems. Our general conclusion is that all these forms offer
opportunities to potentially influence people’s beliefs, attitudes, and behaviors, but each
requires different strategies (see table 27.1). Several important recommendations follow
from the information reviewed in this chapter.
1. Social networks can potentially be leveraged to create a viral effect and ensure high
exposure and attention, but the ultimate effect on exposure, attention, and behavior
change depends on the degree to which the content influences those stages. More
novel information will attract more attention and materials that successfully improve
behavioral skills will likely reduce inactivity.
2. Search engines can be modified to encourage physical activity by promoting specific
content at the top of search results, thus increasing exposure to efficacious content
and demoting unhealthy messages. These innovations can decrease the negative
effects and potentially increase the positive effects of the congeniality bias. For
example, search items may be described as confirming the question of a user who
seeks information that negates the need for physical activity even though the contents
ultimately refute the user’s belief.
3. Recommender system technologies can be exploited to automatically infer a user’s
need and adapt the recommended content or products to those needs. Such
technologies, however, are likely to be most effective in combination with search
engine results or embedded in a social network that increases the trustworthiness of
the content relative to delivery from an explicit, stand-alone recommender system.
4. Gamification systems are among the most effective ways to influence people through
online games or interactions or with a combination of online games and physical
activities. Nevertheless, how to motivate people to play a game may be a challenge
that requires creativity and ongoing updates to a constantly evolving game.
5. It is also desirable to combine multiple strategies whenever possible. For example,
games recommended through a social network or through a search engine in the right
search context are more likely to be adopted.
In closing, the efficacy of emerging communication systems depends on the availability
of intelligent information processing technologies developed in the computer science field,
particularly in relation to information retrieval, data mining, human–computer interaction,
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and machine learning. Fortunately, all these areas have made significant progress in the last
two decades, and many useful technologies are available for intelligently modeling and
inferring a user’s interests and preferences, analyzing and understanding online contents,
and recommending information in a context-sensitive and personalized way. These
technologies are now available to maximize the efficacy of behavioral interventions for
curbing physical inactivity and its associated health risks.
\qqBegin special element\

Key Concepts
• Accuracy motivation: The desire or goal to hold accurate information and reach
factually correct conclusions.
• Behavior change: Modification of the intensity and duration of a behavior performed at
an earlier (arbitrary) time.
• Defense motivation: The desire to approach and disseminate information that is
consistent with prior beliefs and thus feels personally validating or reassuring.
• Electronic intervention delivery: Websites to deliver interventions previously delivered
in person or on the phone.
• Electronic monitoring and tracking systems: Technologies to measure and track
physical activity, weight loss (Purpura et al. 2011), sleep (Kim et al. 2008), biometric
data, disease management, and mental health (Bardram et al. 2012; Matthews et al.
2008).
• Gamification systems: In this context, a game designed to deliver health and fitness
benefits.
• Recommender systems: Include stand-alone platforms that e-mail recommendations to
users and embedded systems that push information through a search engine. These
systems attempt to infer a user’s interests or information needs, match users’ interests
with a set of recommendations, and choose and deliver well-matched items.
• Search engines: Web search engines like Google and Bing are used routinely by many
people in the world every day.
• Selective exposure and dissemination: These terms refer to biases in attention,
selection, and dissemination of information on the basis of defense, accuracy, and social
motives.
• Social motivation: The desire to create and maintain positive relationships with other
people.
• Social network information delivery systems: Systems to develop information to
networks, including Twitter, Facebook, specialized online communities, blogs and vlogs,
and computer-mediated communication such as e-mail or text messaging.
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Study Questions
1. How do the defense, accuracy, and social motives influence exposure to information
in emerging systems?
2. Is the influence of each motive likely to be different across different platforms?
3. How are characteristics of a population likely to determine which system would you
use to reduce physical inactivity?
\qqEnd special element\
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Epilogue: Where to Go From
Here?
The rapidly emerging body of evidence on sedentary behavior and health is a rapidlyemerging element of the chronic disease prevention agenda. There are also many potential
implications for well-being, workplace practice and policy, and other social, community,
and environmental concerns. The fact that humans now spend so much of their time sitting
is a consequence of technological, economic, and social changes. Now sedentary behavior
must be part of the broader debate about the determinants of human health, quality of urban
life and work, and the design of the broader environment.
Here in the Epilogue, the editors provide selected overall conclusions about the state of
this new field and identify some of the most promising research strategies and future
directions. In doing so, we borrow from several of our key chapters, further emphasizing
specific perspectives of broad relevance. This material provides excellent pointers for
guiding the development of research, as well as practical and policy implications for the
field of sedentary behavior and health.

A Broadly Informed Perspective
Addressing sedentary behavior and dealing with the implications of new research
evidence in the broader public, political, and policy domains will require nuanced and
informed perspectives. Considering, for example, the historical role and social functions of
the chair (as we are invited to do so engagingly by Galen Cranz in chapter 4), identifying
the roles of screen-based behaviors in the lives of children (chapter 5), and having an
informed sense of the fundamental role of gravity and historical roots in space science
(chapter 2) provide contextual sophistication and a depth and breadth of perspective to
guide future research on sedentary behavior and health, research translation, and practical
and policy applications.
The first three chapters in part I place a strong emphasis on the causal logic of
experimental research. Observational studies, both cross-sectional and prospective, have
opened up the field of sedentary behavior and health research, generated influential
hypotheses, and provided strong guidance to subsequent experimental investigations.
Hopefully, the sedentary behavior and health research field will further develop through
strong and explicit cross talk between observational and experimental evidence. Both of
these types of evidence are important. Observational study evidence greatly assists in
understanding the relevance and potential applicability of experimental evidence.
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Experimental evidence provides rigorous investigative tools through which the hypotheses
generated by observational studies may be tested.
In Chapters 4 and 5, the main environmental drivers of sedentary behavior—the chair
and the screen— are addressed. Chapter 6 deals with regulation. The thoughtful reader will
identify our biases in how we have selected contributors and developed the overall shape of
the book. These final three chapters of part I reflect, each to a greater or lesser extent, a
theme that runs through much of the material covered in the chapters that make up part V:
What can be done to change sedentary behavior? In that section, the balance of emphasis is
on behavioral settings: how can the environmental contexts of sedentary behavior be
reshaped in order to reduce sitting time and increase physical activity? Those chapters,
nevertheless, acknowledge the importance of individual choice, volitional initiative, and
motivation. Environmental change is the central concern, but environments include, and are
shaped by, people—individually and collectively.

Complementary Relationships of Experimental
and Observational Studies
As the chapters in parts I and II of the book make clear, there is the particular need to
better understand the biological and behavioral mechanisms by which sedentary behavior
affects health outcomes and to identify dose–response relationships for sedentary behavior
and health. For example:
• How much sitting is too much?
• How often should sitting time be broken up to reduce adverse health effects?
• If someone sits for the majority of the day, how much exercise or physical activity might
be needed to provide protective benefit?
These and other questions can be addressed through carefully controlled laboratory
research (as illustrated in chapter 3) and through epidemiologic observational studies (as
illustrated particularly in chapters 7, 8, 9, and 10). Both types of investigative logic are
crucial for the development of the field. Here, there is the need to better understand the
relationship of sedentary behavior and physical activity as they exert their distinct and
interrelated influences to determine health outcomes.
As Archer and colleagues explain in chapter 9, strong evidence on health outcomes needs
to be followed through with real-world initiatives. If, for example, further reductions in
CVD mortality and morbidity are to be realized, then increasing the proportion of the
population that is active and reducing sedentary behaviors must be a primary goal.
Although there is compelling evidence of the efficacy and effectiveness of behavioral
interventions for reducing the burden of CVD in both primary and secondary prevention
contexts, the translation of empirically supported interventions into practice has been
limited and only a small fraction of clinically effective interventions has been adopted.
Archer and colleagues make a strong case that, although research is still needed before
empirically based guidelines can be widely promulgated, basic recommendations of
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limiting time spent in sedentary behavior are well justified in relation to both children and
adults.
Other areas of sedentary behavior research that are less well developed can provide
useful lessons. As Boscolo and Zhu make clear in chapter 11, there is still a need to clarify
the existence of the causal relationship between lower back pain and sedentary behavior.
They make the case that, for lower back pain, the current epidemiological evidence is
insufficiently strong to support that a causal relationship is likely to exist. For the field of
lower back pain research and indeed for other fields where sedentary behavior may be
important but not yet well understood, the need exists for developing relevant problemspecific research tools. As is the case for lower back pain research, the research strategies
and measurement techniques need to be developed and their methodological quality needs
to be refined.
Future studies on the range of potential health problems that may be influenced by
sedentary behavior will be particularly informative over the next several years. In
conducting epidemiological analyses on differential health risks and the potential
independent influences of sedentary behavior on health outcomes, highly informative
bodies of evidence are likely to emerge:
• How will the consequences of sedentary behavior for particular health outcomes be
influenced by different levels of moderate- to vigorous-intensity physical activity?
• How might sedentary behavior exert its effects on different health problems for different
age groups in the context of ubiquitous dietary exposures, including widely available
sugary drinks?
• What will future estimates of the overall burden of disease attributable to sedentary
behavior tell us about its importance relative to other health risk exposures?

High-Quality Research Designs, Measurements,
and Analysis
Part III of the book highlights matters of particular importance for a new field like
sedentary behavior research. High-quality measures, good evidence, and good evaluations
of practical initiatives are needed if the field is to progress in science and in practice.
Chapters 14, 15, and 16 highlight the enormous potential of new measurement technologies,
while chapters 13 and 17 provide some solid and sober reminders of the importance of wellestablished measurement methodologies and established and newly emerging analytic
capacities. Measures of sedentary behavior of relevance to the overall evidence spectrum
are needed for clinical studies, intervention trials, large-scale observational studies, and
systematic evaluations of practical programs and of the regulatory and policy initiatives that
we are likely to see emerging in workplaces over the next several years. It is particularly
important to employ high-quality measurement approaches in population-based studies, as
is illustrated by chapters 13 and 14. In this context, there is the need for variations in
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sedentary behavior within and between populations to be identified and for trends over time
to be characterized accurately.
Chapter 10 nicely illustrates how applications of advanced statistical theory and methods
have greatly improved the capacity for causal inference from observational data in cancer
research. In chapter 10, Lynch and Friedenreich identify opportunities for future research
using complex modeling strategies such as marginal structural models or structural nested
models to estimate causal effects. These approaches will help to account for variation in
sedentary behavior over time as well as time-varying confounding and mediation.

Methodological Research Issues That Arise
Across the Life Span
The issues raised by Welk and Kim in chapter 18 not only highlight research priorities in
understanding and influencing sedentary behavior in children and youth, they raise several
key issues that are of broader importance for all age groups and life stages:
• Improve measures of sedentary behavior. Self-report instruments specific for assessment
of those at different life stages need to be developed and validated. More-refined
measurement error modeling should be developed to correct for measurement errors
inherent in various types of self-report instruments. Accelerometer-derived measures
may preclude comparing estimates of sedentary time across studies due to the
application of different cut-point values.
• Conduct detailed time-use studies. Studies capitalizing on time-use surveys are needed
for better understanding how adults and youth allocate and accumulate sedentary time
over a day (e.g., discretionary vs. nondiscretionary, active gaming vs. inactive gaming,
single-tasking vs. multitasking at work).
• Emphasize a wide range of types of sedentary behavior. Previous studies on youth and
adult sedentary behavior have focused primarily on screen-based activities or have used
a single behavioral indicator. Broader approaches with multiple sedentary behavior
indicators are needed.
• Run longitudinal studies of the tracking of sedentary behavior from childhood to
adulthood. Many sedentary behavior studies have been cross-sectional or longitudinal
studies conducted only during childhood or adult life. Therefore, longitudinal studies are
needed that investigate how patterns, correlates, and health effects observed during
childhood would carry over into future adult life stages.
• Examine effects of sedentary behavior on cognition. A number of studies have linked
physical activity and fitness with indicators of academic achievement and several aspects
of cognitive function, but fewer studies have examined the potential negative effects of
sedentary behavior. It is possible that sustained sedentary behavior may negatively affect
cognition in children and adults.
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Focus on Racial/Ethnic Minority Subgroups
In chapter 21, Whitt-Glover and Ceaser point out that physical activity research has
primarily focused on getting people up and moving; however, over time, efforts to increase
leisure-time physical activity have produced only small changes at the population level but
almost no change in racial/ethnic minority groups. This suggests that efforts to increase the
proportion of people who choose deliberately to engage in physical activity during their
leisure time may be ineffective, particularly among segments of the community with low
internal motivation to engage in physical activity.
As an alternative strategy with broader potential for inclusiveness, there has been a call
for active-by-default strategies to decrease sedentary behavior and increase physical
activity. Such strategies make the healthy choice the easy choice by incorporating physical
activity into organizational practices through such efforts as group calisthenics, walking
meetings, restricting close parking to people who need it, and physical activity breaks
during meetings, throughout the workday, or in the classroom. Most active-by-default
strategies have been incorporated with children in school settings; however, a few examples
such as Instant Recess have been used in adults in workplace settings and have been
successful at breaking up long bouts of sitting.

Viable Behavioral Change
Changing sedentary behavior, as the chapters in part V make clear, presents many new
challenges. In order to change behavior, it is important to change the determinants of
behavior. Much remains to be understood about the personal, social, and environmental
determinants of sedentary behavior, particularly since these different levels of determinate
factors may be used in behavioral-change programs and other initiatives. Interventions for
influencing sedentary behavior on a large scale will require initiatives at multiple levels.
Translational formative research and policy-relevant studies are needed for examining the
feasibility of scaling-up sedentary behavior interventions in multiple contexts.
In chapter 23, Carlson and Sallis describe research on environment and policy
interventions for reducing sedentary behaviors and give specific recommendations,
including the following:
• A systematic process for identifying the most promising environment and policy
interventions could include expert consensus meetings, qualitative and quantitative
assessment of perceptions of people from high-risk groups, and polling about feasibility
and barriers to interventions. We suggest engaging political scientists and market
researchers in these studies.
• Suggested criteria for selecting environment and policy interventions for further
development should target the most prevalent sedentary behaviors, reach populations at
high risk for chronic diseases, have promising political and popular feasibility, likely
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have favorable cost-effectiveness ratios, and provide dual benefits of reducing sitting
time and increasing physical activity
• Multilevel, cost-effective interventions that combine environment and policy changes
with individual or social interventions
Pronk outlines several practice-based recommendations for the workplace context in
chapter 24, including the use of multilevel frameworks, the guidance of behavior-change
interventions by available evidence of effectiveness, the integration into a comprehensive
programmatic solution (ensuring that the initiative is being measured and evaluated), the
connection to community resources, and the testing of policy-level approaches while
safeguarding personal data and information. In addition, Pronk emphasizes including
diverse populations to address health equity and disparities (as is highlighted by WhittGlover and Ceaser in chapter 21) and evaluating the economic and financial effects of
workplace initiatives. He identifies challenges that remain where additional research will be
an important factor in the successful application of practice-based solutions, including the
following:
• Real-world practice-based trials to identify effective interventions using (experimental)
study designs with high external validity
• Studies that test creative solutions and innovations designed to effectively and efficiently
reduce sedentary behavior in the workplace
• Practice-based trials that optimize the workplace context and recognize this setting as a
complex adaptive system
• Single- and multilevel studies that allow the identification of best choices for
intervention
• Studies that inform us about the relative influence of reducing sedentary behavior on
cost reduction, productivity improvement, and financial return on investment
\qqGD: Add an additional line space here.xqq\
We hope that you, the reader, have enjoyed and gained new insights from the 27 chapters
of Sedentary Behavior and Health, each written by experts in their fields, and that you will
now feel well informed and well prepared to engage with too much sitting as a significant
agenda for research, practical action, and public policy debate into the future.
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