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Preface 

In contemporary society, increasing media use coupled with less physically demand-
ing occupations has given rise to prolonged sedentary behaviour. Scientific evidence 
demonstrates that adults currently spend more than half of their day in sedentary 
pursuits. Sedentary behaviour takes place in numerous areas of daily living and 
includes recreational, occupational, transport-related, and social activities. The 
essence of this book is that it recognises sedentariness as a significant clinical and 
public health problem in all its facets and evaluates the potential of decreasing the 
time spent sedentary to avert chronic disease risk and enhance quality of life. 

Sedentary Behaviour Epidemiology is organised into three major parts that build 
on one another to expand the readers’ comprehension of the multifaceted problem of 
sedentariness. The book begins by providing an introduction to fundamental issues 
and key concepts regarding sedentary behaviour. After laying the foundation, Part II 
offers a comprehensive account of the organism’s physiological responses to 
sedentariness. Drawing on evidence from basic science, clinical studies, and epide-
miologic research, the text provides the latest evidence on the harmful consequences 
of sedentary behaviour on the development of numerous health conditions and 
diseases. Part III proceeds with conveying the knowledge base on psychological, 
cultural, and social factors associated with sedentary behaviour. This sets the stage 
for providing evidence-based intervention strategies to reduce the time spent seden-
tary at the individual, community, environmental, and policy levels. The book closes 
with a discussion of future challenges and opportunities in sedentary behaviour 
research. For each topic presented, the book features the necessary background 
information, outlines pertinent study findings, identifies current research gaps, and 
highlights areas for additional investigation.

v



vi Preface

How This Book Is Organised 

The second edition of Sedentary Behaviour Epidemiology presents important 
updates to nearly all chapters included in the first edition of this book in 2018. In 
addition, it contains a new chapter on global and planetary health aspects of 
sedentary behaviour (Chap. 27) and another new chapter on ergonomic support for 
physiologically correct sitting (Chap. 28). The book is organised into three parts and 
29 chapters. 

Part I Fundamentals of Sedentary Behaviour Epidemiology 
Part I provides an introduction to fundamental issues and key concepts in sedentary 
behaviour epidemiology, including the human evolution of sedentary behaviour, 
measurement techniques of sedentary behaviour, analysis and interpretation of 
sedentary behaviour data, and the descriptive epidemiology of sedentary behaviour. 

Chapter 1 opens with a conceptual definition of sedentary behaviour, followed by 
a discussion of the human evolution of sedentary behaviour and the influence of 
specific sociocultural factors on sitting. In addition, it offers an overview of recom-
mendations on sedentary behaviour developed by different countries and organisa-
tions, highlighting potential limitations of current guidelines. In its updated version, 
the chapter includes an update of current sedentary behaviour recommendations for 
health, classified according to country/geographic region, age group, and institution 
issuing the recommendation. It also features recently developed consensus defini-
tions for sedentary behaviour that provide standardised terminology in sedentary 
behaviour research. 

In Chap. 2, the descriptive epidemiology of sedentary behaviour is presented. 
There is also a discussion of correlates of sedentary behaviour, including 
sociodemographic and environmental factors such as age, education, income, health 
status, sleep, obesity, physical activity, use of tobacco and alcohol, housing type and 
size, neighbourhood safety and walkability, dog ownership, and accessibility of play 
spaces and playground density. The updated chapter exhibits novel surveillance 
prevalence estimates for sedentary behaviour in population studies and provides new 
perspectives on monitoring and surveillance of sedentary behaviour, including 
considerations regarding cut points for high sitting volumes and combinations of 
high sitting time and low physical activity. 

In Chap. 3, measurement techniques of sedentary behaviours are presented, 
including questionnaires, pedometers, smartphone applications, and integrated 
motion and posture sensors that assess time spent in sitting or reclining postures. 
Innovative methods to score accelerometer outputs and to enable pattern recognition 
of sedentary behaviour types are covered. 

Chapter 4 focuses on comprehensive sedentary behaviour datasets that have 
become available using widespread use of wearable movement sensing technology. 
The chapter describes the importance of selecting the appropriate statistical method 
based on the specific data structure and the research question at hand. Also, it 
reviews principles of causality in sedentary behaviour epidemiology. The updated 
chapter informs of recent progress achieved in analysing sedentary behaviour data,



including compositional data analysis, machine learning, and testing equating. It also 
delves into new challenges that have emerged, such as noise introduced to the data 
due to most measurement devices being worn on the wrist, making it challenging to 
determine intensity cut points. 
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Part II Health Effects of Sedentary Behaviour 
Part II focuses on the organism’s physiological responses to sedentary behaviour. 
Drawing on evidence from basic science, clinical studies, and epidemiologic 
research, the chapters in this part discuss the evidence on the harmful consequences 
of sedentary behaviour on the development of morbidity and mortality, including 
important health conditions such as obesity, diabetes and the metabolic syndrome, 
cardiovascular disease, cancer, depression, psychosocial health, quality of life, 
physical function, mental health, and cognition. 

Chapter 5 opens with a discussion of physiologic responses to sedentary behav-
iour in animal and human studies. The influence of sedentary behaviour on the 
hormonal regulation of appetite, dietary intake, and energy balance is discussed. The 
updated chapter reviews the growing number of new studies on the role of 
interrupting sitting for improving postprandial glycemia and insulinaemia, and 
vascular function. It also showcases new studies on prolonged sitting in relation to 
brain function and cognitive performance, musculoskeletal pain/discomfort and 
fatigue, and oxidative stress and inflammatory markers. 

In Chap. 6, the genetics of sedentary behaviour is reviewed. The potential for 
family and twin studies and molecular genetic studies to uncover causal relations is 
outlined. The challenges of conducting genetic studies of sedentary behaviour are 
highlighted, including limited sample sizes, heterogeneity in the age ranges studied, 
and imperfect measures of sedentary behaviour. The updated chapter newly confirms 
the significant contribution of genetics to individual differences in sedentary behav-
iour, with polygenetic risk scores explaining up to 15% of variance in sedentary 
behaviour. The chapter shows that Mendelian randomisation studies support a causal 
role of sedentary behaviours in obesity and cardiovascular disease. 

In Chap. 7, the relation of sedentary behaviour to risk of type 2 diabetes and the 
metabolic syndrome is examined. This includes a discussion of the impact of 
prolonged sedentary time on circulating levels of glucose, HbA1c, insulin, and 
measures of insulin resistance. Also, observational and experimental evidence 
regarding the influence of breaks in sedentary time on markers of the metabolic 
syndrome is presented. The updated chapter draws attention to the fact that the 
consistent strong relation of sedentary behaviour to type 2 diabetes forms the basis 
for demonstrating that when replacing sedentary behaviour, any type of movement 
counts. Also, it points out that behaviours such as sleep, sedentary behaviour, and 
activities of different intensities are now recognised as being co-dependent. 

Chapter 8 provides an account of the influence of sedentary behaviour on 
cardiovascular disease based primarily on evidence from cross-sectional and pro-
spective observational studies of objectively assessed sedentary behaviour or self-
reported sitting. Numerous methodological issues in this research area are discussed, 
including measurement error, confounding, and heterogeneity in the design of



previous studies. The updated chapter discusses novel data on how many hours of 
sitting per day are associated with elevated cardiovascular disease risk and how 
much moderate-to-vigorous activity per day is needed to attenuate that relation. 
Further, it offers an outlook on emerging studies of actual posture that hold promise 
to advance the field in the future. 
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In Chap. 9, the evidence on sedentary behaviour in relation to overall and site-
specific cancer incidence and mortality is summarised. Potential biological mecha-
nisms are discussed, while it is recognised that the cellular processes linking 
sedentary behaviour to carcinogenesis are incompletely understood. These include 
endogenous sex hormones, metabolic hormones, inflammatory adipokines, and 
immune function. The updated chapter summarises the evidence from nearly 
100 new studies on sedentary behaviour and cancer added since the first edition of 
this book. Based on that literature, the relation of sedentary behaviour to cancer risk 
has become weaker, in particular for endometrial and ovarian cancers. 

Chapter 10 presents evidence regarding the association between sedentary behav-
iour and depression based largely on observational data. It includes a review of 
hypotheses regarding the impact of sedentary time on psychobiological mechanisms, 
such as inflammation and the acute phase response, the hypothalamic–pituitary– 
adrenal axis, and neurotransmitter function. The updated chapter looks into the 
current literature on sedentary behaviour and mental health, touching on recent 
work that has successfully deployed device-based assessments of sedentary time to 
overcome some of the limitations of self-report, albeit using cross-sectional as 
opposed to longitudinal study designs. 

In Chap. 11, the evidence on prolonged time spent sedentary in relation to the risk 
of developing adiposity in children, adolescents, and adults is presented. Information 
is based on data from systematic reviews and meta-analyses of cross-sectional 
studies, prospective studies, and randomised controlled trials. The possibility of a 
bidirectional association between sedentary behaviour and adiposity in adults is 
alluded to. The updated chapter provides novel evidence regarding the association 
between sedentary behaviour and adiposity, highlighting the need for future studies 
to employ device-based methods to generate more definitive conclusions about the 
associations between sedentary behaviour and adiposity in different population 
subgroups. 

In Chap. 12, the understudied area of sedentary behaviour in relation to psycho-
social health is reviewed, with particular attention being paid to bullying/ 
victimisation, self-esteem, prosocial behaviour, and mental conditions such as bipo-
lar disorder, anxiety, and stress. The chapter includes a discussion of the possibility 
that observed associations may be confounded by factors such as physical activity 
and socio-economic status. 

Chapter 13 presents the association between sedentary behaviour and ageing, 
covering a broad range of functional limitations and distinguishing between indi-
viduals who live independently and those who live in residential settings or in 
hospital. The relevance of conducting interventions aimed at reducing sedentary 
behaviour rather than increasing physical activity in the elderly is discussed. The 
updated chapter examines the latest systematic reviews and meta-analyses on the



effectiveness of interventions aimed at reducing sedentary time in community-
dwelling older adults. Further, it summarises the relations of sedentary behaviour 
to bone health, cognitive function, obesity, and activities of daily living in older 
adults. 

Preface ix

In Chap. 14, the relations of domain-specific sedentary behaviours to all-cause 
mortality, cardiovascular disease mortality, and cancer mortality are presented. The 
data originate from prospective cohort studies and meta-analyses. The chapter also 
includes a discussion of whether observed associations with mortality risk are 
independent of physical activity level and whether they are mediated by body fat 
mass. The updated chapter discusses new original studies and meta-analyses on 
sedentary behaviour in relation to mortality, alluding to a framework in which the 
deleterious health consequences of too much sitting are seen being an addition to, 
and not an alternative, the well-recognised benefits of participation in health-
enhancing moderate-to-vigorous physical activity. 

Part III Understanding Sedentary Behaviour and Promoting Reductions 
in Time Spent Sedentary 
Part III uses theories and models of sedentary behaviour as a framework for 
developing effective and evidence-based strategies to reduce the time spent seden-
tary at the individual, community, environmental, and policy levels. Individual 
chapters focus on interventions directed at children and adolescents, the workplace, 
the elderly, persons with pre-existing disease or disability, overweight and obese 
individuals, and ethnic minorities and immigrants. The final chapter discusses 
challenges and opportunities in sedentary behaviour research, including new para-
digms to better understand sedentary behaviour and the genetics of sedentary 
behaviours. 

Chapter 15 outlines how the behavioural epidemiology framework and an eco-
logical model of sedentary behaviour can be utilised to provide an enhanced 
understanding of the multifaceted determinants of sedentary behaviour. An example 
of an intervention study designed using an ecological model of sedentary behaviour 
that targets sedentary behaviour in the occupational setting is presented. The updated 
chapter newly explores associations of sedentary time in different environmental 
settings with health risk biomarkers and mental health indices. Also, it investigates 
recent intervention trials in the workplace setting that employed environmental and 
ecological approaches and targeted multiple levels of influence. 

In Chap. 16, individual-level approaches to reduce sedentary behaviour are 
reviewed. The chapter opens with a discussion of variables related to sedentary 
behaviour and barriers to sedentary behaviour change. In addition to covering 
current behavioural theories and theoretical models, the chapter introduces alterna-
tive perspectives that include concepts of behavioural economics, habit, and nudg-
ing. The updated chapter notes that despite the increasing recognition of the 
complexity of sedentary behaviours, newer devices such as smartphones remain 
understudied in this context. It discusses dual-process approaches, including auto-
matic processing frameworks, as emerging theoretical developments in sedentary 
behaviour research.
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Chapter 17 examines interventions targeting sedentary behaviour in children and 
adolescents. The chapter provides a conceptual framework for sedentary behaviour 
interventions and discusses interventions that have focused on reducing screen time, 
sedentary transport, and sitting in the school and home settings. Examples of real-
world translatability of intervention programmes are given. The updated chapter 
sheds additional light on effective strategies for sedentary behaviour interventions to 
reduce sitting time, pointing to theoretical models and frameworks for guiding 
effective implementation and better utilisation of knowledge about strategies and 
mechanisms that influence outcomes. 

In Chap. 18, the focus is on workplace programmes to reduce occupational 
sitting. The chapter provides a summary of the amount of time workers sit. Best 
practice programmes for addressing extended workplace sitting time are given. 
Interventions directed at reducing workplace sitting time are discussed. Limitations 
and future research needs in the area of occupational sitting are highlighted. The 
updated chapter supplies new evidence on effective approaches to reduce prolonged 
sitting time at work, with consideration of the impact of workplace-delivered 
interventions on activity outside of work hours. It also acknowledges the impact of 
major work disruptors, such as the COVID-19 pandemic, on understanding and 
influencing behaviour during work time. 

Chapter 19 presents approaches to decrease sedentary behaviour among the 
elderly. The design characteristics of intervention studies and the methodologies 
employed to assess sedentary behaviour intervention response are discussed. In 
addition, the chapter examines the effectiveness of interventions that focus on 
increasing physical activity but also decrease sedentary behaviour. The updated 
chapter synopsises interventions aimed at reducing or disrupting sedentary time, 
the number and quality of which have more than doubled since the last version of 
this book. Interventions have also shifted their focus from cardiometabolic markers 
to functional and quality of life indicators. 

In Chap. 20, the evidence from intervention studies to decrease sedentary behav-
iour among persons with pre-existing disease or disability is reviewed. The chapter 
also contains a brief synopsis of interventions that have been registered, and it 
provides concepts for developing future trials. The remainder of the chapter focuses 
on potential areas of future investigation and associated methodological issues. 

Chapter 21 summarises the information from the small number of available 
studies on sedentary behaviour reduction in individuals with overweight and obesity. 
In addition, qualitative studies exploring facilitators and barriers to sedentary behav-
iour reduction in overweight and obese individuals are described, and methodologic 
issues regarding the measurement of sedentary behaviour outcomes are presented. 
The updated chapter includes studies published in the past five years. Approaches to 
reduce sedentary time are discussed based on sample size, effectiveness, and inter-
vention duration. 

In Chap. 22, the focus is on interventions targeting sedentary behaviour among 
racial/ethnic minority groups. Information on the prevalence of sedentary behaviour 
in racial/ethnic minorities is provided, along with strategies on how to make future



progress in successfully reducing sedentary behaviour using culturally appropriate 
approaches. 

Preface xi

Chapter 23 presents sedentary behaviour interventions across multiple commu-
nity settings, such as schools, workplaces, and local neighbourhoods. Within each of 
these settings, the chapter discusses factors that impact on sedentary behaviour, 
summarises intervention studies that target sedentary behaviour, and provides rec-
ommendations for future steps. The updated chapter deals with the impact of the 
COVID-19 pandemic on sedentary behaviours in schools, workplaces, and 
neighbourhoods. It further discusses evidence on the neighbourhood environment 
and sedentary behaviour, community-based interventions targeting sedentary behav-
iour, and the role of technology and media in decreasing sitting time. 

In Chap. 24, social and physical environmental factors that track with sedentary 
behaviour are described. The evidence for the effectiveness of environmental inter-
ventions on sedentary behaviour is evaluated. The chapter addresses potentially 
relevant theoretical perspectives, such as social cognitive theory, habit theory, social 
network analysis, and systems theory. The updated chapter newly unravels the 
influence of social and physical environments on sedentary behaviour by 
distinguishing between early years and school-aged children, given the differential 
nature of sedentary behaviour across those age groups. The chapter also includes an 
expanded section on older adults, and it encompasses more correlates across the 
lifespan. 

Chapter 25 presents policy-level approaches to reduce sedentary behaviour. This 
involves an evaluation of numerous settings where sedentary behaviour reduction 
can be addressed at a policy level. Current sedentary behaviour recommendations 
and stakeholder guidelines are summarised. 

In Chap. 26, new paradigms combining a life course perspective and complexity 
science to better understand sedentary behaviours are introduced. The chapter pre-
sents novel methodologies for data collection (big data) and analysis (probabilistic 
modelling techniques) as well as innovative interventions including natural experi-
ments and solutionist and participatory approaches. The updated chapter adds a 
realist perspective to deal with complex behaviours such as sedentary behaviour. 
Also, it introduces ecological momentary assessment to acquire context-specific 
sedentary behaviour data. In addition, the chapter features the development and 
implementation of just-in-time adaptive interventions to reduce sedentary behaviour. 

Chapter 27 represents an entirely new addition to the book. It considers sedentary 
behaviour epidemiology from a public, global, and planetary health perspective, 
with a focus on health-promoting workplaces and active transportation as win-win 
strategies for well-being societies. It also discusses COVID-19 as a global health 
challenge for sedentary behaviour. 

Chapter 28 is also an entirely new addition to the book. It outlines how 
non-physiological positioning of the body during sitting adversely affects musculo-
skeletal health, subsequently describing how physiologically correct sitting can be 
supported by ergonomically designed office furniture and car seats. It provides an 
example of a comprehensive home office unit.



xii Preface

Chapter 29 uses a behavioural epidemiology framework to outline gaps in 
sedentary behaviour research and to highlight future research opportunities. This 
includes improving current knowledge about sedentary behaviour and health, 
enhancing sedentary behaviour measures, better characterising correlates and deter-
minants of sedentary behaviour, refining interventions of sedentary behaviour, and 
translating results into practice. 

Regensburg, Germany Michael F. Leitzmann 
Regensburg, Germany Carmen Jochem 
Hall in Tirol, Austria Daniela Schmid



Contents 

Part I Fundamentals of Sedentary Behaviour Epidemiology 

1 Introduction to Sedentary Behaviour Epidemiology .  . . . .  . . .  . . . . 3  
Carmen Jochem, Daniela Schmid, Andrea Weber, and Michael F. 
Leitzmann 

2 The Descriptive Epidemiology of Sedentary Behaviour . .  . .  . . .  . . .  45  
Hannah Ahrensberg, Christina Bjørk Petersen, Jane Nereah Wesonga 
Jacobsen, Mette Toftager, and Adrian Ernest Bauman 

3 Measurement of Sedentary Behaviour in Population Studies . . . . .  .  81  
Barbara Ainsworth, Fabien Rivière, and Alberto Florez-Pregonero 

4 Analysis and Interpretation of Sedentary Behaviour Data .  . . . . . . .  107  
Weimo Zhu 

Part II Health Effects of Sedentary Behaviour 

5 Physiological Responses to Sedentary Behaviour . . .  . . .  . . .  . .  . . .  .  127  
Ana J. Pinto, Audrey Bergouignan, and Paddy C. Dempsey 

6 Genetics of Sedentariness .  . .  . .  . . .  . .  . .  . .  . .  . . .  . .  . .  . .  . .  . . .  . .  175  
Yahua Zi, Hidde P. van der Ploeg, and Eco J. C. de Geus 

7 Sedentary Behaviour, Diabetes and the Metabolic Syndrome . . . .  .  193  
Joseph Henson, Charlotte L. Edwardson, Paddy C. Dempsey, Melanie 
J. Davies, and Thomas Yates 

8 Sedentary Behaviour and Cardiovascular Disease . .  . .  . . .  . .  . .  . .  .  213  
Emmanuel Stamatakis, Leandro F. M. Rezende, and Juan Pablo Rey-
López

xiii



9

xiv Contents

9 Sedentary Behaviour and Cancer .  . . .  . . . .  . . .  . . . .  . . . .  . . .  . . . .  251  
Christopher T. V. Swain, Terry Boyle, Shahid Mahmood, and Brigid 
M. Lynch 

10 Sedentary Behaviour and Depression . . . . . . .  . . . . . . . . . . . . . . . .  337  
Mark Hamer and Lee Smith 

11 Sedentary Behaviour and Adiposity . . .  . . .  . . .  . . .  . . .  . . .  . . .  . . .  351  
Carmen Jochem, Daniela Schmid, and Michael F. Leitzmann 

12 Sedentary Behaviour and Psychosocial Health Across the Life 
Course . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  .  389  
Lee Smith and Mark Hamer 

13 Sedentary Behaviour and Ageing . . . . . . . . . . . . . . . . . . . . . . . . . .  397  
Dawn A. Skelton, Juliet A. Harvey, Calum F. Leask, and Jennifer 
Scott 

14 Sedentary Behaviour and Mortality . .  . .  . . .  . .  . . .  . .  . .  . . .  . .  . . .  427  
Ashleigh R. Homer and David W. Dunstan 

Part III Understanding Sedentary Behaviour and Promoting 
Reductions in Time Spent Sedentary 

15 An Ecological Model for Understanding and Influencing Sedentary 
Behaviour . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . .  469  
Nyssa Hadgraft, David Dunstan, and Neville Owen 

16 Sedentary Behaviour at the Individual Level: Correlates, Theories, 
and Interventions . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . .  493  
Stuart J. H. Biddle 

17 Specific Interventions Targeting Sedentary Behaviour in Children 
and Adolescents . . . . .  . . . . .  . . . . . .  . . . . .  . . . . . .  . . . . . .  . . . . .  . .  521  
Jo Salmon, Harriet Koorts, Lauren Arundell, and Anna Timperio 

18 Workplace Programs Aimed at Limiting Occupational Sitting . .  .  .  53  
Genevieve N. Healy, Samantha K. Stephens, and Ana D. Goode 

19 Approaches to Decrease Sedentary Behaviour Among the Elderly . 557 
Ann M. Swartz and Whitney A. Welch 

20 Interventions Directed at Reducing Sedentary Behaviour in Persons 
with Pre-Existing Disease or Disability . . . . . .  . . . . . . . .  . . . . . . . .  575  
Stephanie A. Prince 

21 Specific Approaches to Reduce Sedentary Behaviour in Persons with 
Overweight/Obesity . . . . . .  . . . . .  . . . . .  . . . . .  . . . . . .  . . . . .  . . . . .  591  
Katherine E. DeVivo, Dori Rosenberg, Sara H. Marchese, 
and Christine A. Pellegrini



1

Contents xv

22 Programmes Targeting Sedentary Behaviour Among Ethnic 
Minorities and Immigrants . .  . .  . .  . .  . .  . . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  619  
Melicia C. Whitt-Glover, Amanda A. Price, and Breana Odum 

23 Sedentary Behaviour at the Community Level: Correlates, Theories, 
and Interventions . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . .  631  
Krista S. Leonard, Sarah L. Mullane, Mark A. Pereira, and Matthew P. 
Buman 

24 Sedentary Behaviour and the Social and Physical Environment . .  .  68  
Trish Gorely, Simone A. Tomaz, and Gemma C. Ryde 

25 Targeting Sedentary Behaviour at the Policy Level . .  . . . .  . . .  . . .  .  711  
Anthony D. Okely, Megan Hammersley, and Salomé Aubert 

26 Dynamics of Sedentary Behaviours and System-Based Approach: 
Future Challenges and Opportunities in the Life-Course 
Epidemiology of Sedentary Behaviours . .  . . .  . . .  . . .  . . .  . .  . . .  . . .  747  
Sebastien F. M. Chastin, Sofie Compernolle, Marieke De Craemer, 
Jean-Michel Oppert, and Greet Cardon 

27 From a Public to a Global and Planetary Health Perspective on 
Sedentary Behaviour Epidemiology . . . . . . . . . . . . . . . . . . .  . . . . . .  773  
Carmen Jochem and Michael F. Leitzmann 

28 Ergonomic Support for Physiologically Correct Sitting . . . . .  . . . .  .  793  
Joachim Grifka 

29 Limitations in Sedentary Behaviour Research and Future Research 
Needs . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . . .  . . .  . .  813  
Daniela Schmid, Carmen Jochem, and Michael F. Leitzmann



Part I 
Fundamentals of Sedentary Behaviour 

Epidemiology



Chapter 1 
Introduction to Sedentary Behaviour 
Epidemiology 

Carmen Jochem, Daniela Schmid, Andrea Weber, 
and Michael F. Leitzmann 

Abstract Sedentary behaviour epidemiology is the study of the distribution, deter-
minants and health consequences of sedentary behaviours in the population. It seeks 
to identify biological, psychosocial, environmental and genetic factors that affect 
sedentary behaviour. The term sedentary behaviour describes any waking behaviour 
characterised by an energy expenditure <1.5 metabolic equivalents of task (METs) 
while in a sitting or reclining posture. From an evolutionary perspective, sedentary 
behaviour is a relatively new phenomenon in human history, and it is strongly linked 
to the technical advances of the Industrial Revolution. In addition, sociocultural 
aspects fundamentally influence our understanding and perception of sedentary 
behaviours. Understanding these influences on modern sitting behaviour is crucial 
for successfully developing and implementing sedentary behaviour recommenda-
tions. Several countries have provided guidelines on sedentary behaviour for health. 
In 2020, the World Health Organization (WHO) incorporated recommendations on 
sedentary behaviour in the current Guidelines on Physical Activity and Sedentary 
Behaviour. These guidelines provide recommendations for all age groups and for 
specific population subgroups such as pregnant women or adults living with chronic 
conditions. Strengthening the evidence base regarding quantified thresholds for 
sedentary time or regarding sedentary break and bout accumulation patterns is 
critical for future sedentary behaviour recommendations. 
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What Is New?
• The field of sedentary behaviour research continues to evolve, and it 

increasingly emphasises the relevance of sedentary behaviour 
epidemiology.

• Consensus definitions for sedentary behaviour and related terms have been 
formulated, providing standardised terminology in sedentary behaviour 
research.

• The recent Guidelines on Physical Activity and Sedentary Behaviour 
published by the World Health Organization (WHO) in 2020 for the first 
time include recommendations on sedentary behaviour and address all age 
groups as well as population subgroups, such as pregnant women or adults 
living with chronic conditions.

• The first setting-specific recommendations for school-related sedentary 
behaviours were published.

• When sitting is unavoidable, it should be dynamic, limited to 20–30 min 
bouts and interspersed with standing and physical activity of any intensity. 

1.1 What Is Sedentary Behaviour? 

1.1.1 Definition of Sedentary Behaviour 

The current section provides a conceptual definition of sedentary behaviour, making 
clear the distinction between sedentary behaviour (too much sitting) and physical 
inactivity (too little exercise). Sedentary behaviour (Latin: sedere: ‘to sit’) is  defined 
as [1] ‘any waking behavior characterised by an energy expenditure ≤1.5 metabolic 
equivalents (METs), while in a sitting, reclining or lying posture’ and comprises 
sitting in the context of occupational, educational and home settings, and during 
commuting. Examples of sedentary behaviours are television (TV) viewing, video 
game playing, computer use, reading, talking on the telephone and sitting while 
commuting by automobile, bus, train, plane, ferry, etc. Those activities show an 
energy expenditure between 1.0 and 1.5 metabolic equivalents (METs) [2]. Hence, 
sedentary behaviours comprise those that involve sitting and a low amount of energy 
expenditure. 

However, certain activities such as screen-based behaviours (e.g. TV, computer, 
mobile devices) can be performed while being sedentary or physically active. The 
Sedentary Behavior Research Network provides further details on key terms that are 
relevant for sedentary behaviour research (Table 1.1).
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Table 1.1 Final definitions, caveats and examples of key terms from the Sedentary Behavior 
Research Network (SBRN) Terminology Consensus Project (reproduced with permission of 
SBRN) 

Term 1. Physical inactivity 
General 
definition 

An insufficient physical activity level to meet present physical activity 
recommendations 

Caveats General definition applies to all age and ability groups 

Examples • Toddlers and preschoolers (1–4 years): not achieving 180 min of physical 
activity of any intensity per day
• Children and youth (5–17 years): not achieving 60 min of moderate- to 
vigorous-intensity physical activity per day
• Adults (≥18 years): not achieving 150 min of moderate-to-vigorous-intensity 
physical activity per week or 75 min of vigorous-intensity physical activity per 
week or an equivalent combination of moderate- and vigorous-intensity activity 

Term 2. Stationary behaviour 
General 
definition 

Stationary behaviour refers to any waking behaviour done while lying, reclin-
ing, sitting or standing, with no ambulation, irrespective of energy expenditure 

Caveats • Stationary time: the time spent for any duration (e.g. per day, per week), in any 
context (e.g. at school/work) and at any intensity (e.g. standing in a line, 
working on an assembly line with no ambulation, working at a standing desk, 
sitting in a classroom) in stationary behaviours
• Stationary bout: a period of uninterrupted stationary time
• Stationary interruptions/breaks: a nonstationary bout in between two stationary 
bouts (applies to all age and ability groups except infants)General definition 
applies to all age and ability groups except for infants (<1 year to pre-walking) 
and people with a mobility impairment who are unable to stand 

Examples • Use of electronic devices (e.g. TV, computer, tablet, phone) while sitting, 
reclining or lying; reading/writing/drawing/painting/talking while sitting; sitting 
at school/work; sitting in a bus, car or train
• Standing in a line; standing at church; standing for a hallway discussion; 
writing a text message while standing; using a standing desk
• Being carried/held/cuddled by someone 

Term 3. Sedentary behaviour 
General 
definition 

Sedentary behaviour is any waking behaviour characterised by an energy 
expenditure ≤1.5 metabolic equivalents (METs), while in a sitting, reclining or 
lying posture 

Caveats • Sedentary time: the time spent for any duration (e.g. minutes per day) or in any 
context (e.g. at school or work) in sedentary behaviours
• Sedentary bout: a period of uninterrupted sedentary time
• Sedentary interruptions/breaks: a nonsedentary bout in between two sedentary 
bouts
• Infants (<1 year or pre-walking): any waking behaviour characterised by 
low-energy expenditure while restrained (e.g. stroller/pram, high chair, car seat/ 
capsule) or when sedate (e.g. reclining/sitting in a chair with little movement but 
not restrained) Time spent in the prone position (‘tummy time’) is not consid-
ered a sedentary exposure
• Toddlers and preschoolers (1–4 years), children and youth (5–17 years) adults 
(≥18 years) and all ability groups: the same as the general definition
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Table 1.1 (continued)

Examples • Infants (<1 year or pre-walking): lying awake in the bed with minimal 
movement; sitting in a baby chair/high chair/stroller/car seat with minimal 
movement; being carried/held/cuddled by someone
• Toddlers and preschoolers (1–4 years): use of electronic devices (e.g. TV, 
computer, tablet, phone) while sitting, reclining or lying; reading/drawing/ 
painting while sitting; sitting in stroller; sitting in baby chair or couch while 
eating a meal; sitting in a bus, car or train
• Children and youth (5–17 years): use of electronic devices (e.g. TV, computer, 
tablet, phone) while sitting, reclining or lying; reading/writing/drawing/painting 
while sitting; homework while sitting; sitting at school; sitting in a bus, car or 
train
• Adults (≥18 years): use of electronic devices (e.g. TV, computer, tablet, 
phone) while sitting, reclining or lying; reading/writing/talking while sitting; 
sitting in a bus, car or train
• People who use a manual wheelchair or a power chair: use of electronic 
devices (e.g. TV, computer, tablet, phone) while sitting, reclining or lying; 
reading/writing/drawing/painting/talking while sitting; sitting in a bus, car or 
train; moving from place to place in a power chair; being pushed while passively 
sitting in a manual wheelchair 

Term 4. Standing 
General 
definition 

A position in which one has or is maintaining an upright position while 
supported by one’s feet 

Caveats • Active standing: active standing refers to any waking activity in a standing 
posture characterised by an energy expenditure >2.0 METs, while standing 
without ambulation, whether supported or unsupported
• Passive standing: passive standing refers to any waking activity in a standing 
posture characterised by an energy expenditure ≤2.0 METs, while standing 
without ambulation, whether supported or unsupported
• Standing time: the time spent for any duration (e.g. minutes per day) or in any 
context (e.g. at school/work) while standing
• Standing bout: a period of uninterrupted time while standing
• Standing interruptions/breaks: a non-standing bout in between two standing 
bouts
• Infants (<1 year or pre-walking), toddlers and preschoolers (1–4 years), 
children and youth (5–17 years), adults (≥18 years) and people who use a 
manual wheelchair or a power chair: the same as the general definition
• People who are unable to stand: not applicable 

Examples • Active standing: standing on a ladder; standing while painting; standing while 
washing dishes; working an assembly line while standing; standing while 
juggling; standing while lifting weights
• Passive standing: standing in a line; standing for a hallway discussion; use of 
electronic devices (e.g. TV, computer, tablet, phone) while standing; standing at 
church
• Supported standing: standing while holding a couch, chair or a parent’s hand; 
standing with the aid of crutches, a cane, standing frame or body weight support 

Term 5. Screen time 
General 
definition 

Screen time refers to the time spent on screen-based behaviours. These behav-
iours can be performed while being sedentary or physically active
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Table 1.1 (continued)

Caveats • Recreational screen time: time spent in screen behaviours that are not related to 
school or work
• Stationary screen time: time spent using a screen-based device 
(e.g. smartphone, tablet, computer, TV) while being stationary in any context 
(e.g., school, work, recreational)
• Sedentary screen time: time spent using a screen-based device 
(e.g. smartphone, tablet, computer, TV) while being sedentary in any context 
(e.g. school, work, recreational)
• Active screen time: time spent using a screen-based device (e.g. smartphone, 
tablet, computer, television) while not being stationary in any context 
(e.g. school, work, recreational)
• General definition applies to all age and ability groups 

Examples • All age and ability groups: watching TV, using a smartphone/tablet, using a 
computer
• Active screen time: playing active video games, running on a treadmill while 
watching TV 

Term 6. Non-screen-based sedentary time 
General 
definition 

Non-screen-based sedentary time refers to the time spent in sedentary behav-
iours that do not involve the use of screens 

Caveats • Recreational non-screen time: time spent in non-screen-based sedentary 
behaviours that are not related to school or work
• General definition applies to all age and ability groups 

Examples • Infants (<1 year or pre-walking): lying supine on a mat while sedate; sitting in 
a stroller or car seat with little movement
• Toddlers and preschoolers (1–4 years): Sitting in a child seat, chair or car seat; 
sitting idle in the sandbox or on the floor; reading a non-electronic book or 
playing a board game while seated
• Children and youth (5–17 years): sitting at school; sitting doing homework or 
art work; reading a non-electronic book; playing a board game; sitting in a car
• Adults (≥18 years): reading a non-electronic book; playing a board game; 
sitting in a car
• People who use a manual wheelchair or a power chair: reading a non-electronic 
book; playing a board game; sitting in a car; being pushed while passively sitting 
in a manual wheelchair 

Term 7. Sitting 
General 
definition 

A position in which one’s weight is supported by one’s buttocks rather than 
one’s feet and in which one’s back is upright 

Caveats • Active sitting: active sitting refers to any waking activity in a sitting posture 
characterised by an energy expenditure >1.5 METs
• Passive sitting: passive sitting refers to any waking activity in a sitting posture 
characterised by an energy expenditure ≤1.5 METs
• General definition applies to all age and ability groups 

Examples • Active sitting: working on a seated assembly line; playing guitar while seated; 
using devices that engage ones feet/legs while seated; doing arm ergometry 
while in a wheelchair
• Passive sitting: refer to sedentary behaviour examples while sitting 

Term 8. Reclining 
General 
definition 

Reclining is a body position between sitting and lying
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Table 1.1 (continued)

Caveats General definition applies to all age and ability groups 
Reclining behaviour can be either passive (≤1.5 METs) or active (>1.5 METs) 

Examples Passive reclining (all age and ability groups): lounging/slouching on a chair or 
couch while sedentary 
Active reclining (all age and ability groups): recumbent cycling 

Term 9. Lying 
General 
definition 

Lying refers to being in a horizontal position on a supporting surface [3] 

Caveats General definition applies to all age and ability groups 
Lying behaviour can be either passive (≤1.5 METs) or active (>1.5 METs) 

Examples Passive lying (all age and ability groups): lying on a couch, bed or floor while 
sedentary. Active lying (all age and ability groups): isometric plank hold 

Term 10. Sedentary behaviour pattern 
General 
definition 

The manner in which sedentary behaviour is accumulated throughout the day or 
week while awake (e.g. the timing, duration and frequency of sedentary bouts 
and breaks) 

Caveats General definition applies to all age and ability groups 

Examples Prolonger: someone who accumulates sedentary time in extended continuous 
bouts 
Breaker: someone who accumulates sedentary time with frequent interruptions 
and in short bouts 

MET = metabolic equivalent corresponding to resting metabolic rate of the population under study. 
A metabolic equivalent is deemed to be 3.5 ml O2/kg/min in adults without mobility impairment or 
chronic disease. A metabolic equivalent is generally higher in children and in those with conditions 
that elevate muscle activity or metabolism and is generally lower in those with paralysis, small 
muscle mass or wasting conditions. The interpretation of MET values should be made with attention 
to the population under study and the definitions and caveats above applied accordingly 

1.1.2 Sedentary Behaviour Epidemiology 

Sedentary behaviour epidemiology is the study of the distribution, determinants and 
health consequences of sedentary behaviours in the population. It examines the 
relations of sedentary behaviour to diseases and other health conditions and seeks 
to identify biological, psychosocial, environmental and genetic factors that affect 
sedentary behaviour. The knowledge acquired from sedentary behaviour epidemi-
ology is applied to intervention programmes for disease prevention and health 
promotion, including population surveillance. The expanding field of sedentary 
behaviour research stresses the relevance of sedentary behaviour epidemiology. 

1.1.3 Is Too Much Sitting the Same as Too Little Exercise? 

The past decade has witnessed a sizeable increase in research associated with the 
health effects of sedentary behaviour. A growing body of epidemiologic evidence



now shows that persons who engage in a high volume of sedentary behaviour exhibit 
increased risks of morbidity and mortality, irrespective of their level of moderate-to-
vigorous physical activity [4, 5]. Only large amounts of moderate-to-vigorous 
physical activity (i.e. more than 300 min/week) can largely offset the mortality 
risks associated with high levels of sedentary behaviour [6]. 
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In addition, it has been recognised that the correlation between sedentary behav-
iour and moderate-to-vigorous physical activity is low [7] and that an individual can 
accumulate substantial amounts of both sedentary behaviour and moderate-to-vig-
orous physical activity in the course of a day [8]. For example, an office worker may 
spend long, uninterrupted blocks of time sitting at a computer but then engage in a 
vigorous workout at the gym after work. Also, time spent in sedentary behaviours 
shows correlates that are distinct from those related to moderate-to-vigorous physical 
activity [9]. Thus, too much sitting and too little physical activity represent funda-
mentally distinct concepts. Physical inactivity, i.e. too little exercise, is defined as 
‘an insufficient physical activity level to meet present physical activity 
recommendations’ [1]. 

However, in the past, there have been inconsistencies in the literature regarding 
the definition of the term sedentary. In the sedentary behaviour literature, the term 
sedentary refers to time spent sitting or lying (while awake) with low-energy 
expenditure [1]. Thus, an individual may be defined as sedentary if they exhibit a 
large volume of sedentary behaviour. By comparison, in the exercise literature, the 
term sedentary has often been used to characterise the lack of some threshold of 
moderate-to-vigorous physical activity [10]. In that context, researchers frequently 
describe a subject as sedentary because they do not achieve the physical activity 
recommendations. For example, exercise studies may contain a ‘sedentary’ control 
group because of their absence of physical activity without having formally assessed 
their amount of sedentary behaviour. 

Acknowledging the divergent characteristics of sedentary behaviour and physical 
activity is particularly relevant for appropriate planning and implementation of 
intervention studies [11]. Sedentary behaviour typically takes place in regular 
prolonged bouts with infrequent breaks, typically in the evening and on weekends 
(for domestic sedentary behaviour such as TV viewing) and on weekdays (for 
occupational sedentary behaviour such as workplace sitting). It tends to be of long 
duration, in bouts of 2–3 h for TV viewing and 6–7 h for workplace sitting. It 
involves a low level of effort or conscious planning and is highly habitual. Important 
determinants include social norms and the physical environment, such as domestic 
and workplace furniture arrangements. By comparison, moderate-to-vigorous phys-
ical activity often takes place in irregular intervals of short duration, and it involves 
some level of effort and conscious planning. Determining factors include individual-
level motivation and a supportive physical environment. Thus, while physical 
activity interventions typically place a focus on conscious decision making, seden-
tary behaviour interventions might benefit from focusing on unconscious decision-
making [12]. Although interventions aimed at decreasing sedentary behaviour and 
those targeted at increasing physical activity both share a common objective of 
reducing the burden of chronic diseases in the population by promoting enhanced



levels of physical activity, sedentary behaviour interventions focus on shifting a 
certain amount of participants’ time spent sedentary to activities of light intensity, 
whereas physical activity interventions are designed to encourage study subjects to 
increase their amount of activities of moderate-to-vigorous intensity. More detail on 
the differences between sedentary behaviour and physical activity is provided in 
Sect. 14.2. 
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1.1.4 Summary 

The current section provides a conceptual definition of sedentary behaviour, 
emphasising the distinction between sedentary behaviour (too much sitting) and 
physical inactivity (too little exercise). A high amount of sedentary behaviour may 
coexist with high levels of moderate-to-vigorous physical activity, and correlates of 
time spent sedentary are distinct from those related to moderate-to-vigorous physical 
activity. However, these two entities may nevertheless mutually impact upon each 
other in terms of their behavioural and biological effects. Acknowledging the 
divergent characteristics of sedentary behaviour and physical activity is particularly 
relevant for appropriate planning and implementation of intervention studies. 

1.2 Human Evolution and Sedentary Behaviour 

1.2.1 Introduction 

Research on human sedentary behaviour is a relatively young scientific discipline. It 
evolved as a consequence of the increasing prevalence of sedentary behaviour— 
which, likewise, is a fairly new phenomenon. When considering the long evolution-
ary history of Homo sapiens, sedentary behaviour makes up only a small fraction of 
time. Even though sitting was prevalent among our early ancestors, it became an 
omnipresent mass phenomenon only in the past few centuries. Changes in our recent 
environment that are mainly due to advances in communication, media and enter-
tainment technologies altered workplace settings, and passive modes of transporta-
tion now contribute to a predominantly sedentary lifestyle. This contrasts sharply 
with the lifestyle of our hunter-gatherer ancestors, whose activity patterns were 
driven by motivating factors such as hunger and thirst. The current section briefly 
describes sedentary behaviour from the viewpoint of human evolution and within the 
context of specific sociocultural aspects.
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1.2.2 An Evolutionary Perspective on Human Sedentary 
Behaviour 

How Sedentary Were Our Ancestors? 

We do not know how sedentary our early ancestors really were. When searching the 
Internet and biomedical databases such as PubMed or Web of Science for ‘sedentary 
behavio(u)r’, ‘sedentariness’, ‘sitting’ or ‘sedentary’ in human history, these terms 
appear primarily in the context of sedentary versus mobile (population) groups. In 
contrast, the physical activity patterns of our ancestors are well understood. The 
following section briefly describes how and when sitting became an omnipresent 
mass phenomenon in Western societies. We take two perspectives: an evolutionary 
viewpoint and a sociocultural viewpoint. 

A Brief Overview of Human Evolution: The Genus Homo 

More than 1.8 million years ago, the genus Homo appeared in the East African Rift 
Valley [13]. In comparison with that early ancestor, the evolution of Homo erectus 
was characterised by a large increase in brain size, changes in anatomy which 
favoured hunting and long-distance running and the ability to make tools 
[13]. Although the sedentary behaviour of our ancestors is not well studied, we 
know that being physically active was crucial for their survival and that their body 
was therefore adapted to a high degree of physical activity. Several anatomic 
characteristics such as long legs, relatively small feet with short toes, long spring-
like tendons and large gluteus maximus muscles provided stabilisation and enabled 
bipedalism [14]. Meeting basic needs such as hunger and thirst or reacting to threats 
such as danger were the principal motivating factors for members of the early Homo 
to be physically active. The evolution of Homo sapiens about 100,000 years ago was 
characterised by changes in social and cultural behaviour and improved locomotion. 
Thus, the life of our early ancestors during the Palaeolithic Era was characterised by 
a highly physically active lifestyle based on gathering and hunting, the use of tools 
and a predominantly mobile lifestyle. However, with beginning of the Neolithic Era 
about 10,000 years ago, human lifestyle changed substantially. Humans gave up 
their mobile lifestyle and began domesticating animals and plants to produce food. 
Although physical activity patterns changed and hunting was replaced by agricul-
tural activities, it was still a predominantly physically active lifestyle. 

The Industrial Revolution or the Origins of Sedentary Behaviour 

Food acquisition and a physically active lifestyle were strongly linked until the end 
of the eighteenth century when the Industrial Revolution started. Technological 
developments and innovations dramatically changed the environment and the



ordinary lives of people. Machines replaced the tools that were previously used. The 
Industrial Revolution fundamentally changed the modes of manufacturing, trans-
portation and communication and introduced mechanical power—all of which gave 
rise to an increasingly physically passive lifestyle and sedentary behaviour in all 
domains of human life. To give an example, nowadays we cannot imagine life 
without cars or computers. Nevertheless, the invention of the car took place less 
than 150 years ago, and modern digital computers have only been around for less 
than 100 years—a small fraction of the large time frame during which our human 
species developed. As outlined above, our body is designed to walk, to move and to 
be physically active, and it is not designed to sit—at least not for extended periods of 
time (Fig. 1.1). 
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Fig. 1.1 The evolution of Homo sedens. Homo erectus replaced the quatripedal posture with an 
upright and bipedal locomotion. Modern Homo sapiens spends a large amount of his waking time in 
sedentary behaviours and increasingly becomes a Homo sedens. Figure from Simone Thiemer 

1.2.3 Sociocultural Aspects of Human Sitting Behaviours 

Unruliness consists in independence of law. By discipline men are placed in subjection to the 
laws of mankind, and brought to feel their constraint. This, however, must be accomplished 
early. Children, for instance, are first sent to school, not so much with the object of their 
learning something, but rather that they may become used to sitting still and doing exactly as 
they are told. And this to the end that in later life they should not wish to put actually and 
instantly into practice anything that strikes them. Immanuel Kant, Kant on Education (1803) 

The evolution of human sedentary behaviour should perhaps be considered in the 
context of specific sociocultural aspects rather than in the framework of biologically 
centred human evolution. Indeed, one may ask if sedentary behaviour is equally 
present across the entire life span of an individual and if it was equally present across 
human history. Chapter 2 highlights the descriptive epidemiology of sedentary 
behaviour in children and adolescents. 

Even though the amount of time spent sedentary—especially screen-based media 
time—is large in children and adolescents, it is obvious that sitting time per day 
increases sharply when children enter school. When observing the natural behaviour 
of young children before they enter school, they are physically active and move



about most of the time, and periods of sitting–for example, when playing on the 
ground—are frequently interrupted by short intervals of standing or walking. It is 
only during very short periods of time, when children engage and concentrate in 
playing games or reading, that they are able to sit without interruption. Prolonged 
sitting is present when children watch TV or when they are placed in child seats for 
transportation—activities which do not reflect the natural behaviour of children. 
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Thus, it can be questioned why sitting—and especially sitting quietly—is intro-
duced as the predominant posture in schools (and subsequently in universities and 
workplaces) that needs to be adopted by all those attending a class, listening to a 
lecture or doing any other kind of concentrated work. From a sociocultural point of 
view, sitting on a chair (a) during defined periods of time, (b) with a predetermined 
spatial order of chairs and (c) relatively limited scope for the sitting posture repre-
sents some kind of institutional discipline and disciplining [15]. As we get older, we 
get more and more adapted to this kind of institutional sitting and mostly do not even 
question it. Certainly, the predominant acceptance without resistance of (institu-
tional) sitting is reinforced by social norms and the omnipresence of chairs and other 
seats. 

Nevertheless, sitting on seats is a relatively new habit when considering the long 
period of human evolution. Compared to a period of almost 2 million years of human 
evolution, the history of sitting comprises only the past 5000 years [16]. Prior to the 
French Revolution (1789–1799), sitting on chairs was primarily a privilege of 
aristocracy and clergy. People kneeled or crouched on the floor—a posture that is 
still present in young children and in many indigenous peoples as well as in people 
living in rural areas of several low- and middle-income countries. It was only since 
the early nineteenth century that sitting on chairs was secularised in Europe and 
became a social mass phenomenon which was continuously introduced into various 
aspects of peoples’ lives. Since then, it was discussed how chairs and seats can be 
designed to be more comfortable and ergonomic. Their general use was no longer 
questioned. 

Nowadays, workplaces (in the office, at home or elsewhere), conference rooms, 
classrooms, lecture halls, private homes, churches, cinemas, train and bus stations, 
waiting rooms, public and private transportation and many other areas of public and 
private use are hard to imagine without seats. Humans can work, talk, play, interact, 
think and even travel while sitting. According to Eickhoff, modern media and 
communication technologies allow people to be highly ‘mobile’ and to overcome 
sedentariness on a technological level while simultaneously being very sedentary on 
a physical level [16]. The COVID-19 pandemic serves as a current example that 
illustrates sociocultural aspects of human sedentary behaviours in a changing envi-
ronment. Chapter 27 provides more information on the role of sedentary behaviour 
in public, global and planetary health. Thus, understanding the influence of socio-
cultural aspects on modern sitting behaviour is crucial for the successful develop-
ment and implementation of sedentary behaviour recommendations. Changing 
social and cultural habits that are associated with sitting is essential for effectively 
reducing sedentary behaviour—for health.
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1.2.4 Homo sapiens or Homo sedens? 

Our recent environment has little in common with the environment in which our 
human species evolved during the course of the past millions of years. Western 
societies live in an environment that is characterised by urbanisation, passive forms 
of transportation, sedentary jobs and media and communication technologies that 
encourage a sedentary lifestyle. Most of us spend a vast majority of our waking 
hours in a seated position: we go to work by car or public transportation (hoping for a 
seat); at work we move our fingertips on a keyboard, but our body is still in a seated 
position; and after going home (by car again) we take a seat on the sofa and relax 
(Fig. 1.2). During the COVID-19 pandemic, the home setting became the workplace 
of many people, and new sedentary behaviour patterns emerged. Research data 
provides an overview of the prevalence of sitting time in several countries. For 
further details on the descriptive epidemiology of sedentary behaviour, please refer 
to Chap. 2. 

Although the amount of time spent sitting varies across countries and population 
subgroups, it can be concluded that sitting is an omnipresent behaviour in modern 
society and that most individuals spend several hours per day in sedentary 
behaviours. 

Fig. 1.2 Different domains of sedentary behaviour
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1.2.5 Summary 

Although we do not know how much daily time our ancestors spent sedentary, we 
can assume that it was less than we currently spend in sitting behaviours. From an 
evolutionary perspective, we can presume that our body is designed to move and to 
be physically active—it is not designed to sit. However, innovations in technology, 
transportation and other domains have enabled a more sedentary lifestyle, which is 
enhanced by sociocultural influences such as institutional sitting in schools and by 
global health risks such as the COVID-19 pandemic. Even though information on 
sedentary behaviour is not abundant, data show a high prevalence of sedentary 
behaviour across all age groups. 

1.3 Recommendations on Sedentary Behaviour for Health 

1.3.1 Introduction 

Compared to the research area of physical activity, research on sedentary behaviour 
is a relatively new scientific field. However, as this book shows, there is increasing 
evidence that sedentary behaviour is associated with ill health and that reducing the 
amount of time an individual spends sedentary reduces the risk for adverse health 
outcomes. In order to address the existing evidence and to make sedentary behaviour 
a public health issue, several countries have provided recommendations on sedentary 
behaviour for health, either by incorporating them into their guidelines for physical 
activity or by issuing specific sedentary behaviour guidelines. Whereas most coun-
tries provide general recommendations to reduce sitting time, only few countries 
have quantified the maximum daily amount of time individuals should spend 
sedentary. The Guidelines on Physical Activity and Sedentary Behaviour published 
by the World Health Organization (WHO) in 2020 for the first time include recom-
mendations on sedentary behaviour [17]. Table 1.2 provides an overview of existing 
recommendations on sedentary behaviour for health. This section aims at 
summarising those recommendations, discussing their shortcomings and 
emphasising the need for additional and more specific guidelines. 

1.3.2 Importance of National and International 
Recommendations on Sedentary Behaviour for Public 
Health 

The main aim of sedentary behaviour recommendations is the primary prevention of 
health outcomes that are associated with sedentary behaviour. The high prevalence 
of sedentary behaviour (as described in Chap. 2) and its public health significance
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requires a population-based approach to decrease levels of sedentary behaviour. The 
development, dissemination and implementation of national and international guide-
lines on sedentary behaviour for health are essential for reducing the amount of time 
spent sedentary in the population. Goals and aims of sedentary behaviour recom-
mendations are listed in Box 1.1.
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Box 1.1 Goals and Aims of Sedentary Behaviour Recommendations 
The development, dissemination and implementation of sedentary behaviour 
recommendations are as follows:

• Provide an evidence-based document with public health relevance
• Increase the proportion of health professionals, policymakers and other 

relevant stakeholders who are aware of the recommendations
• Inform national policies and other public health interventions targeting 

sedentary behaviour
• Lead to a strategy for intersectoral collaboration and joint action including 

all relevant stakeholders (such as policymakers, health professionals, the 
media, etc.)

• Lead to the development of programmes and interventions targeting sed-
entary behaviour at the individual level

• Lead to the development of programmes and policies targeting sedentary 
behaviour at the community level, the social and physical environmental 
level and the policy level

• Justify the allocation of resources to interventions targeting sedentary 
behaviour

• Lead to a decreased prevalence of sedentary behaviour
• Provide a standard for (national) surveillance to monitor population levels 

of sedentary behaviour
• Provide a foundation for future research 

1.3.3 Historical Outline: From Screen Time Limits 
to Recommendations on Sedentary Behaviour 

The American Academy of Pediatrics (AAP) in 1984 was one of the first organisa-
tions to provide recommendations aimed at reducing childrens’ TV time [50]. The 
Committee on Communications recommended that ‘paediatricians should advise 
parents to limit their children’s television viewing to 1–2 h per day’. In 2001, the 
Committee on Public Education of the AAP provided an update of that recommen-
dation [44]. Paediatricians should advise parents to limit their children’s total media 
time to no more than 1–2 h per day and to avoid TV viewing in children <2 years 
of age.
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These recommendations were made in order to reduce the potential adverse 
effects of TV such as ‘violent and aggressive behaviour, obesity, poor body concept 
and self-image, substance use, and early sexual activity’ and not with the primary 
aim of reducing the adverse health outcomes that are associated with prolonged 
sitting time—as research in this field was still in its infancy. Since 2000, research on 
sedentary behaviour increased, and its association with health-related outcomes was 
investigated in a large number of observational and intervention studies (for more 
details, please refer to Chap. 2). 

Increased knowledge about the high prevalence of sedentary behaviour and its 
adverse relationship with health outcomes led countries such as Canada and 
Australia to initiate a guideline development process. In 2009, the Physical Activity 
Guidelines International Consensus Conference in Kananaskis, Alberta, Canada, 
decided to develop a guideline for the ‘gap’ area of sedentary behaviour for children 
and young people [51]. The guideline development process was based on evidence 
from a systematic review of the association between sedentary behaviour and health 
indicators in school-aged children and youth [52]. A widely accepted instrument for 
guideline development, the Appraisal of Guidelines for Research Evaluation 
(AGREE) II [53], was used as a framework for the development of the Canadian 
Sedentary Behaviour Guidelines for Children and Youth. Following a guideline 
development process of 2 years and the involvement of various stakeholders 
(including scientists, guideline developers and potential guideline users), the guide-
lines were released in February 2011 [51]. 

A similar guideline development process was conducted in Australia, which was 
based on a ‘systematic review to inform the Australian sedentary behaviour guide-
lines for children and young people’ by a group of researchers that used the AGREE 
II instrument for the guideline development process, resulting in the release of the 
Australian sedentary behaviour guidelines [54]. 

Box 1.2 The Appraisal of Guidelines for Research Evaluation (AGREE) 
[53, 55] 
The AGREE instrument was developed and validated in 2003 by the AGREE 
collaboration, an international group of scientists, to provide a generic instru-
ment to ‘assess the process of guideline development and how well this 
process is reported’ [55]. The original AGREE instrument comprised 
23 items in the following 6 quality-related domains:

• Domain 1: Scope and purpose (three items)
• Domain 2: Stakeholder involvement (four items)
• Domain 3: Rigour of development (seven items)
• Domain 4: Clarity and presentation (four items)
• Domain 5: Applicability (three items)
• Domain 6: Editorial independence (two items)



32 C. Jochem et al.

1.3.4 Guideline Development Process 

For a comprehensive guideline development process, several stages need to be 
completed (Fig. 1.3). The formulation of clear and targeted research questions is 
crucial for successful guideline development. The following questions need to be 
asked: (a) Is the guideline for primary/secondary/tertiary prevention? (b) Who is the 
target population of the recommendations (children, young people, adults, older 
adults, etc.)? (c) Will the guidelines include recommendations for specific popula-
tion subgroups (such as persons with preexisting disease or disability, ethnic minor-
ities or immigrants, etc.)? (d) Who are the target users (policymakers, practitioners, 
parents, caregivers, etc.)? 

A systematic review of the literature on the existing evidence regarding the 
relationship between sedentary behaviour and health outcomes needs to be 
conducted by an interdisciplinary team of researchers and guideline developers. 
Consecutively, findings of existing literature are summarised and interpreted, and 
an evidence-informed draft of sedentary behaviour recommendations is developed. 
Furthermore, research gaps identified during the literature review and resulting 
strengths and limitations of the draft recommendations should be provided. Key 
stakeholders, including sedentary behaviour researchers, medical practitioners, pub-
lic health organisations, governments and others, should be consulted to review the 
recommendations. Finally, guideline finalisation should be based on consensus 
between all stakeholders involved. Obviously, the final guidelines need to be 
comprehensible for the target users, and often knowledge needs to be translated 
into practicable and clear guidelines. Subsequently, guidelines have to be commu-
nicated, disseminated and implemented and evaluated. Therefore, well-prepared 
strategies for communication and dissemination—developed with the collaboration 
of marketing, media and communication experts—are crucial. Both the guideline

Fig. 1.3 Main steps of the guideline development process



development process and the implementation of guidelines need to be evaluated 
periodically. The overall guideline development process takes approximately 
2 years.
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1.3.5 Recommendations on Sedentary Behaviour for Health 

The WHO Guidelines on Physical Activity and Sedentary Behaviour 

The most recent WHO Guidelines on Physical Activity and Sedentary Behaviour 
were published in 2020, and they provide evidence-based recommendations regard-
ing sedentary behaviour for all age groups (i.e. children, adolescents, adults and 
older adults), and for population subgroups, such as pregnant and postpartum 
women and people living with chronic conditions or disability [17]. The general 
recommendation to ‘limit the amount of time spent being sedentary’ is provided for 
all age groups and all subpopulations. Children and adolescents (including those 
living with disability) should particularly limit the amount of recreational screen 
time. Adults and older adults (including those living with disability or with chronic 
conditions) and pregnant and postpartum women should ‘replace sedentary time 
with physical activity of any intensity (including light intensity)’. Furthermore, 
adults and older adults (including those living with disability or with chronic 
conditions) ‘should aim to do more than the recommended levels of moderate-to-
vigorous physical activity’. Table 1.2 provides more detailed WHO recommenda-
tions for all age groups as well as a summary of existing national guidelines on 
sedentary behaviours. Table 1.3 summarises practical advice on how to reduce 
sedentary behaviour in different age groups and in different domains such as work 
or leisure time (Fig. 1.4). 

General Recommendations on Sedentary Behaviour 

Most countries and organisations that provide recommendations on sedentary behav-
iour issue nonspecific guidelines. Those countries and institutions include Hong 
Kong [22, 23], Japan [27], the Nordic cooperation [33], Sweden [38], Switzerland 
[39, 41, 64], the UK [56], the WHO [17] and the WHO of the Western Pacific 
Region [47], among others. They recommend reducing or minimising the amount of 
time spent sedentary or frequently interrupting periods of prolonged sitting. 
Table 1.3 summarises practical tips that are part of recommendations on sedentary 
behaviour.



group Screen time Sitting during transport

(continued)
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Table 1.3 Practical tips on how to reduce sedentary behaviour 

Age 

How to reduce. . .  

Sedentary behaviour 
(sitting time) 

Children 
and 
young 
people

• Limit the use of baby 
seats, strollers and high 
chairs during waking 
hours [18, 56, 57]

• Make mealtimes family 
times and turn off the TV 
[58, 59]
• Switch off the TV after a 
programme has finished 
[59]
• Define rules and set limits 
around screen time [57, 59]
• Make the children’s room 
a zone free of TVs and 
computers [57, 58]
• Reward children with out-
door activities instead of 
screen time [58]
• Give presents that can be 
used for active play (such as 
skipping ropes, balls) [58]
• Set an alarm on the com-
puter as a reminder for reg-
ular standing up [60]
• Stand up and move during 
watching TV [60]
• Meet friends in person 
instead of online [60]
• Play active family games 
instead of video games [57]
• Choose educational activi-
ties while inactive—like 
reading, telling a story, 
singing, painting or doing 
craft [18]

• Interrupt long car trips 
and take a break at a park 
or rest area for active 
play [57, 59]
• Let children walk 
instead of moving them 
all the way with the 
pushchair [59]
• Let children walk or 
cycle or use the skate-
board or the scooter [59] 

Occupational sitting Screen time Sitting during transport 

Adults • Stand up whenever possi-
ble [61]
• Visit your colleagues to 
deliver a message instead of 
emailing and phoning them 
[23, 62]
• Use a standing desk [18]
• Stand up for phone con-
versations [61]
• Prefer ‘walk and talk’ 
meetings instead of sit 
down meetings [62]
• Enjoy a walk during lunch 
break [18]
• Stand up for reading [63]
• Stand up when you drink

• Switch off the TV dur-
ing the day and get out in 
the garden [62]
• Set an alarm on the 
computer as a reminder 
for regular standing up 
[62]
• Meet your friends for a 
walk instead of sitting to 
chat [62]
• Instead of using the 
remote control, get up 
and change the channel 
on the TV [63]
• During TV time, do

• Go by bicycle or walk 
instead of taking the car or 
bus—at least for part of the 
way [23, 27, 56, 62]
• Park the car further away 
[34]



water [61 ]
• Place your rubbish bin at
the other end of the office
and get up to go there [63 ]

muscle training and
stretching [27 ]
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Table 1.3 (continued)

Occupational sitting Screen time Sitting during transport 

Older adults Screen time

• During TV time, do muscle training or balancing exercises [23] 

Fig. 1.4 Examples of how 
to reduce sedentary 
behaviour 

Specific Recommendations on Sedentary Behaviour 

Several guidelines (including those from the WHO, Australia and Canada) provide 
specific recommendations on sedentary behaviour by quantifying the amount of time 
children and young people should spend sedentary, as well as the maximum amount 
of screen time per day [17, 18, 20, 48]. Parents and caregivers are provided with 
information on how to reduce sitting time and screen time of their children, such as 
setting ‘no screen time’ rules at specific periods of the day or making the children’s



bedroom a screen-free zone. Tips on active transportation and suggestions on how to 
reduce sitting time in children and adolescents are given. In addition, the ‘interna-
tional school-related sedentary behaviour recommendations for children and youth’ 
provide setting-specific recommendations for a healthy school day and target all 
sedentary behaviours performed during the school day, or within the influence of 
school [49]. For adults, however, recommendations are more general, and it is 
recommended to reduce sitting time and to interrupt prolonged sitting. Only the 
Canadian 24-h Movement Guidelines further specify the recommendations for 
adults and older adults and recommend ‘limiting sedentary time to 8 h or less, 
which includes: limit[ing] recreational screen time to no more than 3 h/day, and 
break[ing] up long sedentary periods as often as possible’ [20]. 
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Other countries and institutions that currently provide quantified recommenda-
tions on the maximum amount of screen time and time spent sedentary are Austria 
[18], Germany [21], New Zealand [30, 31], Qatar [34], Singapore [35], Spain [37], 
Turkey [42] and the American Academy of Pediatrics [44] as well as the US Expert 
Panel on Integrated Guidelines for Cardiovascular Health and Risk Reduction in 
Children and Adolescents [45]. 

In sum, quantified recommendations are largely consistent in recommending that 
screen time in children and young people should be less than 2 h per day. Further-
more, there is consistency that screen time for children aged <2 years is not 
recommended at all [37, 57, 59, 65, 66]. However, specific recommendations for 
adults, older adults and people with disabilities and chronic conditions are still 
sparse. 

Dynamic Sitting and Sit-Stand Dynamic 

Certain circumstances require sitting for reasons of safety (e.g. travelling by car or 
plane), interaction with other people (e.g. during conferences), interior design 
limitations (e.g. only conventional office equipment available) or physiological 
constraints (e.g. fatigue). In such instances, sitting should take place in a posture 
that corresponds to the physiologic curvature of the spine [67]; it should be limited to 
20–30 minute bouts, alternated with standing or (light) physical activity [68]; and it 
should be dynamic. Dynamic sitting is defined as changing your sitting position or 
posture as frequently as possible. It includes neck rolls (dropping your chin to your 
chest and rotating your head clockwise several times, then counterclockwise), neck 
stretches (placing your left hand on the top of your head and gently pulling to the left, 
then repeating on the right side), shoulder rolls (rolling your shoulders forward 
several times, then reversing the motion), pelvis rolls (tilting your pelvis to the 
front and back as well as circling your hips), body weight shifting (shifting the 
weight of your body from right to left and from front to back), calf raises (raising 
your heels off the floor until you are on the tips of your toes), ankle rolls (lifting your 
feet off the ground and rotating your feet at the ankles clockwise, then counterclock-
wise), toe raises (raising your toes as high as possible while keeping your heels on 
the floor) and carrying out conscious breathing and relaxation techniques. Even



minor movement of the hands or feet such as fidgeting have been shown to reduce 
the increased risk of mortality associated with prolonged sedentary behaviour [69]. 
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While individually adjusted office chairs with flexible backrest and synchro tilt 
mechanism that tilts the seat backwards parallel to reclining can facilitate dynamic 
sitting and provide support, relief and stability, there is no such thing as an ergo-
nomically perfect office chair, and no posture is perfectly appropriate for prolonged 
sitting [67, 70]. Instead, frequent postural changes (i.e. alternating between dynamic 
standing and dynamic sitting two to three times per hour) as well as light physical 
activity (e.g. walking) should be integrated into the daily work routine [71]. Ulti-
mately, the goal for a normal work day is to sit approximately 50% of the time, to 
stand about 25% of the time and move around about 25% of the time [71]. Some 
experts recommend further increasing the time spent standing to between 4 h and the 
entire work day, but that requires a transition period of several weeks [68, 71]. To 
prevent adverse health outcomes such as low back pain, leg swelling, mental and 
physical fatigue and varicose veins, prolonged static standing should be avoided as 
well [72]. By comparison, standing at work that is interrupted by sitting and walking 
does not cause lower back pain [73]. 

One useful structural feature to promote a sit-stand dynamic is a height-adjustable 
desk [72]. An optimal height-adjustable workstation should be adapted to the 
biomechanics of the individual body. The height of the sit-stand desk should be 
adjusted such that the forearms held parallel to the floor (at an angle between the 
upper and lower arm ≥90 degrees) are at the same height as the desk top or keyboard 
rest. When using a laptop, an external keyboard and an external screen allows the 
setup to be individualised to a body’s individual requirements [68]. If the height-
adjustable desk lacks an integrated footrest, a stool footrest should be used because it 
allows positioning 1 foot higher than the other, thereby reducing the strain on the 
lumbar spine [74]. A footrest also enables alternating between different standing 
positions, which should be spaced 2–3 min apart. An elastic mat which allows small 
movements of the feet but still provides stability (the so-called antifatigue mat) and a 
backrest to lean against complete the sit-stand workstation [68]. Basic desk attach-
ments or standing desks represent less costly alternatives to height-adjustable 
sit-stand desks. However, simply making structural changes to office equipment is 
not sufficient to ensure physiologically correct sitting and needs to be accompanied 
by, e.g. behavioural interventions, including back exercises, educational materials 
and counselling sessions [75]. Awareness of the benefits of physiologically correct 
sitting needs to be established widely across all organisational levels of an institution 
so that employees may support one another and feel unrestrained to engage in 
physiologically correct sitting without fear of disapproval from their superiors or 
colleagues. Until physiologically correct sitting behaviour is internalised, it is 
helpful to create reminders to stand up via apps, post-it notes or colleagues [68, 75]. 

If sit-stand desks are not available, there are other options to organise the daily 
work routine in a physically more active way. Instead of writing an email to a 
colleague, one can visit them at their office next door. Even small meetings can be 
easily conducted while standing or taking a short walk [75]. A health-promoting 
environment can be implemented in the office as well as in the home office.



Specifically, the workplace can be designed such that not all materials can be 
reached from a sitting position, but instead, that physical movement is needed to 
access the printer, use the coffee machine or reach the waste paper basket. Certain 
tasks such as making phone calls can be done standing up without the use of special 
equipment. The most promising interventions to reduce sitting time in terms of 
transferability to the home office setting include education materials (e.g. advice 
on how to reduce sedentary behaviour), role models (e.g. team leaders who exem-
plify and support the behaviour), incentives (e.g. self-delivered rewards) and recur-
ring prompts (e.g. text messages with reminders to move) [76]. Examples of setting 
up a healthy home workplace at low cost also include do-it-yourself standing desks 
(e.g. placing pedestals under the desk, placing platforms on the desk or even using 
ironing boards) [68, 77]. 
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For relaxation purposes, a seated position is normal as it requires less energy than 
standing or moving around [67]. Such relaxed sitting, for example, in a reclining 
chair, requires no muscular action to stabilise the spine [68]. However, an optimal 
reclining chair should ensure a physiologic body position. This includes a headrest to 
stabilise the head in a neutral position and a backrest to allow for a natural spinal 
curvature. While watching TV or videos, sitting in a cross-legged fashion or in a 
lotus position promotes lower body flexibility, opens the hips and stabilises the spine 
[68]. As in the workplace, sedentary behaviour during leisure time should be limited 
and alternated with standing and physical activity. While driving a car, regular 
breaks provide necessary interruptions from sitting. On trains or planes, light 
exercises while sitting and regular standing up and moving around prevent 
uninterrupted sitting bouts. After travelling in passive transportation, one should 
engage in 10–15 min of light exercise [68]. 

In summary, both uninterrupted sitting and prolonged static standing are related 
to adverse health outcomes. There is no such thing as the perfect ergonomic sitting 
device or the perfectly physiologically correct sitting posture. However, physiolog-
ically correct sitting can be supported by ergonomically designed office furniture and 
a physically dynamic workflow. Notwithstanding, overall sitting should be kept to a 
minimum and interspersed with standing and movement, with the goal of reducing 
the proportion of sedentary behaviour and to increase the proportion of physical 
activity of any intensity. 

1.3.6 From Recommendations to Action: Implementing 
Guidelines into Practice 

The goals of sedentary behaviour recommendations—summarised in Box 1.2—are 
of public health importance. However, in reality, effective dissemination and imple-
mentation of guidelines often faces several barriers. After the release of the Canadian 
physical activity and sedentary behaviour guidelines in 2012 [57], a study was 
conducted to ‘examine the awareness of, agreement with and use of the new [..]



guidelines for children and youth zero to 17 years of age among a sample of 
Canadian paediatricians’ [78]. The study showed that only 5% of 331 paediatricians 
reported being ‘very familiar’ with the sedentary behaviour guidelines. Twenty-
seven percent and 32% of paediatricians reported being ‘somewhat familiar’ with the 
guidelines for the early years (0–4 years) and children/youth (5–17 years), respec-
tively. The majority reported being ‘a little familiar’ or ‘not at all familiar’ with the 
guidelines. When made aware of the guidelines, the vast majority of the study 
sample reported that they ‘strongly agreed’ (69%) or ‘agreed’ (26–28%) with the 
sedentary behaviour recommendations. Of the paediatricians who performed well-
child visits, approximately two-thirds reported providing sedentary behaviour rec-
ommendations to parents, caregivers or children ‘almost always’ or ‘often’. The 
barriers for recommending the guidelines to parents, caregivers or youth during a 
well-child visit included insufficient motivation; inadequate support from parents, 
caregivers or youth; and lack of time [78]. This study reflects the importance of 
increasing the awareness of paediatricians and medical practitioners of other disci-
plines for (a) the existing evidence on the association between sedentary behaviour 
and health; (b) the existing guidelines targeting sedentary behaviour; and (c) the 
consecutive use of the guidelines for counselling and promoting them to individuals 
of all ages. Practitioners should educate their patients about the potential health risks 
associated with sedentary behaviour and provide specific strategies on how seden-
tary behaviour can be limited and interrupted in different settings and in different age 
groups (Table 1.3). Furthermore, it is crucial to overcome perceived and existing 
barriers in practitioners. Please refer to Chap. 25 for more detailed information on 
how sedentary behaviour can effectively be targeted at the policy level. 
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1.3.7 Progress Regarding Sedentary Behaviour Guidelines 

The Global Recommendations on Physical Activity for Health published by the 
WHO in 2010 [3] provided age-specific recommendations for the duration, intensity 
and frequency of physical activity, but did not include recommendations on reducing 
sedentary behaviour. That limitation was overcome by the publication of the WHO 
Guidelines on Physical Activity and Sedentary Behaviour in 2020 [17]. For the first 
time, the WHO Guidelines include recommendations on the associations between 
sedentary behaviour and health outcomes. This is an important step for acknowl-
edging the global relevance of sedentary behaviour. The current WHO Guidelines 
may thus inform policymakers in low-, middle- and high-income countries. Further-
more, the WHO Guidelines provide recommendations for people of all age groups, 
as well as for population subgroups, such as pregnant and postpartum women and 
people living with chronic conditions or disability.
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1.3.8 Limitations of Existing Guidelines and Future Needs 

Despite progress regarding the development and publication of sedentary behaviour 
guidelines, there are a number of limitations concerning the guideline development 
process, the guidelines themselves and their implementation. The guideline devel-
opment process is often not fully transparent and comprehensible. Whereas some 
sedentary behaviour recommendations were developed relying on existing system-
atic reviews, others have followed recent best-practice recommendations and have 
applied validated tools to assess the quality of the guideline development process. 

Several limitations of sedentary behaviour guidelines are worth mentioning. First, 
not all recommendations target sedentary behaviour specifically. Some recommend 
avoiding physical inactivity, which can be misinterpreted as reflecting the opposite 
of physical activity and does not represent the equivalent of sedentary behaviour. 
Furthermore, only few recommendations provide integrated 24-h movement guide-
lines (e.g. Canada [20]) with recommendations on physical activity, sedentary 
behaviour and sleep). 

Second, current guidelines do not provide details regarding a quantified threshold 
for sedentary time (i.e. whether there is a specific time-based threshold of sedentary 
behaviour that is associated with increased health risks). Third, upcoming guidelines 
need to integrate recommendations on how to break up sedentary behaviour. Fourth, 
most recommendations target ‘traditional’ forms of TV viewing or recommend not 
having a TV in the bedroom. However, advances in media and IT technology have 
led to the opportunity to ‘watch TV’ on tablets, smartphones or PCs. These changes 
need to be taken into account when formulating new recommendations. Fifth, future 
recommendations will need to deal with sedentary behaviour in times of challenging 
conditions such as the COVID-19 pandemic with altered work and movement 
patterns (e.g. working at home). Sixth, there is a need for sedentary behaviour 
recommendations for low- and middle-income countries because they are facing a 
high burden of noncommunicable diseases resulting from the epidemiologic transi-
tion [79] (Chap. 27). Furthermore, other countries, such as Spain, Sweden and 
Switzerland, publish their recommendations in their respective language only, 
which makes them difficult to locate. Therefore, the list of recommendations pro-
vided in Table 1.2 may not be comprehensive, and guidelines that are currently 
under development were not accessible. 

1.3.9 Summary 

This section shows that several countries and organisations have developed recom-
mendations on sedentary behaviour for health to address the public health relevance 
of sedentary behaviour across all age groups. Many countries provide national 
guidelines on sedentary behaviour. In addition, the current WHO Guidelines on 
Physical Activity and Sedentary Behaviour include recommendations on sedentary



behaviour for all age groups and population subgroups such as pregnant women and 
people living with chronic conditions. For guidelines to be successfully 
implemented, an emphasis on public health and prevention policies is required. 
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Chapter 2 
The Descriptive Epidemiology of Sedentary 
Behaviour 

Hannah Ahrensberg, Christina Bjørk Petersen, 
Jane Nereah Wesonga Jacobsen, Mette Toftager, 
and Adrian Ernest Bauman 

Abstract There is an interest in monitoring increases in sedentary time globally, 
although recent European data does not show such a trend. New norms due to the 
COVID-19 pandemic may influence both total sitting time and domain-specific 
sitting time. Also, recent evidence on the interplay between sedentary behaviour 
and physical activity has identified the joint association of ‘high sitting-low active’ 
as a risk indicator and not just high sitting time. This chapter summarises recent 
evidence on the prevalence of sedentary behaviour among different age groups, 
comprising 50 large and population-representative studies for adults, 7 studies for 
older adults and 26 studies for children and adolescents, published between 2012 and 
2021. Furthermore, this chapter describes the correlates of sedentary behaviour for 
adults, older adults and children and adolescents derived from large population-
based cross-sectional studies. Among adults the median total sitting time was 6.4 h/ 
day. Self-reported sedentary time was 5.6 h/day which was more than 2½ h/day less 
than that observed from device-based measured sitting time (median 8.3 h/day). 
Reported television (TV) watching time showed a median of 2.2 h/day. The median 
prevalence of sedentary behaviours among older adults (6.7 h/day) was higher than 
among adults (6.4 h/day), especially measured TV time (3.2 h/day vs. 2.3 h/day). For 
children and adolescents, the total median sedentary time was 7.5 h/day and 
increased from early childhood through adolescence. The median screen time was
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2.9 h/day. Overall, no differences in the prevalence estimates were observed in 
studies from 2016 and onwards compared to previous studies.
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What Is New?
• Updated surveillance prevalence estimates for sedentary behaviour in pop-

ulation studies of children and adolescents, adults and older adults.
• New perspectives on monitoring and surveillance of sedentary behaviour 

including domain-specific considerations and cut-points for high sitting 
volumes.

• Estimates and considerations of the combined prevalence and correlates of 
‘high sitting time and low physical activity’. 

2.1 Introduction 

There has been a growing interest in describing the patterns of sedentary behaviour 
due to the association between sedentary behaviour and risk of development of 
chronic diseases such as hypertension, type 2 diabetes, cardiovascular diseases, 
cancers and premature mortality [1–6]. Sedentary time may have increased in recent 
decades, especially in the industrialised world [7–9], although European data does 
not show such a trend [8, 9]. More recently, the COVID-19 pandemic may have 
induced an acute increase in sedentary time due to a large part of the population 
working or studying from home and adhering to restrictions on time spent outside 
the home. 

Since 2008, there has been a substantial increase in publications on sedentary 
behaviour, especially from 2008 to 2014, after which the numbers seemed to plateau 
(see Fig. 2.1). In fact, misclassification is likely in the early 2000s, as ‘sedentary 
behaviour’ was a term then also used to describe ‘low physical activity levels not 
meeting recommendations or guidelines’, but in recent years it has mainly described 
sitting time (<1.5 metabolic equivalent (METs) activity of sitting or lying/reclining 
(not sleeping)). In particular, epidemiological and physiological studies have prolif-
erated, which examined the health consequences of prolonged and uninterrupted 
sitting, and in addition, many papers have provided policy commentaries on seden-
tary behaviour. Also, the number of published reviews on sedentary behaviour has 
increased over the past decade. More than 80% of the population-based studies 
reporting prevalence measures for sedentary behaviour are systematic reviews or 
meta-analyses, and thus only a small proportion has been in the form of original 
surveillance studies. 

In the past decade, researchers have explored the potential interplay between 
levels of physical activity and levels of sedentary behaviour, as this constitutes a 
group of people (‘high sitting-least active’) with combined and synergistic risk of 
developing chronic diseases. Large observational meta-analyses have reported that



the highest levels of moderate-intensity physical activity (about 60–75 min/day) 
have the potential to eliminate the mortality risks associated with sedentary behav-
iour [2, 10]. Even though this interplay does not directly influence surveillance of 
sedentary behaviour, monitoring the combined ‘high sitting-least active’ group may 
be useful for characterising risk in population surveys. 
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Fig. 2.1 Trends in populations on sitting and sedentary behavio(u)r (Title, Pubmed database) from 
January 1, 2002, until October 11, 2021 

This chapter summarises recent estimates of sedentary behaviour prevalence 
(studies published between 2012 and 2021) for adults, older adults and children 
and adolescents and explores factors typically associated with sedentary behaviour 
in large and population-representative studies. Identifying prevalence and correlates 
of sedentary behaviour are also important for population health planning, as they 
identify the characteristics of population sub-groups that report high volumes of 
sedentary behaviour. The chapter is an updated version of the chapter in the first 
edition [11]. 

2.2 Surveillance and Prevalence of Sedentary Behaviour 

2.2.1 Surveillance and Population Measurement 

Sedentary behaviour is a measure of low-energy expenditure (below 1.5 METs) in a 
sedentary behaviour-relevant posture/position (sitting or lying/reclining) [12]. Prev-
alence data on sedentary behaviour often contain information on the duration of 
sedentary behaviours and possibly also frequency of interruptions to sedentary time. 

Sedentary behaviour is usually expressed as total sitting time throughout the day; 
alternatively, domain (setting)-specific sitting time can be estimated for sitting at



work or school, at home or in travelling from place to place. In addition, some 
studies use TV time or screen time as proxy measures for discretionary domestic 
sitting time. The choice of measurement method depends on the aim of the study, 
target group (e.g. different age groups) and resources available (e.g. practical and 
financial resources). 
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2.2.2 Measuring Sedentary Behaviours in Populations 
of Adults, Older Adults, Children and Adolescents 

The aim of population surveillance is to provide valid estimates of sedentary 
behaviours in representative samples. Self-report remains the most practical method 
for most national surveillance systems, but a growing number of studies are using 
device-based measures of sedentary time. In general, self-reported methods are 
suitable for measuring type and context of specific sedentary activities, whereas 
device-based, formerly described as ‘objective’, methods are suitable to measure 
total sedentary time and the distribution of sedentary behaviour during the day 
[13, 14]. 

Self-report measures include questionnaires and online surveys, diaries or logs, 
direct observations and proxy reporting. Questionnaires can either be self-completed 
or interview-administered and are, together with online surveys, designed to collect 
information on total sitting time and domain-specific sitting by a single item or 
multiple items about several aspects of sedentary behaviour [14, 15]. For children 
under 11 or 12 years of age, proxy reporting of their sedentary behaviour by their 
parent or teacher is necessary [16]. Self-reported measurements are scalable and 
affordable measures across regions or countries as part of routine surveillance 
systems [14]. 

Device-based measures include motion-sensing devices and can capture time-
varying changes in movement behaviour. For example, by using accelerometers, 
pre-established cut-points (e.g. <100 counts-per-minute) can classify sedentary time 
based on energy expenditure [14]. Accelerometers can quantify the duration of total 
daily sitting, the number of breaks in sitting time, identify sit-stand transitions and 
differentiate time spent sitting down from time spent standing still [17]. Wearable 
technologies are rapidly evolving, including wrist worn devices and smart watches, 
and provide access to data from large numbers of people [18, 19]. For further details 
on subjective and device-based measurements of sedentary behaviour, please refer to 
Chap. 3. 

2.2.3 Compiling the Prevalence Estimates 

In order to estimate prevalence of sedentary behaviours across studies, PubMed, 
Embase and Scopus were searched for articles published in English from January



1, 2012, to October 11, 2021. These were used as the most recent years, during 
which 76% of sedentary behaviour papers to date were published (Fig. 2.1). 
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The syntax used for searching in PubMed was as follows: 

((sitting(Title) OR sedentary(Title)) AND (Prevalence(Title/Abstract) OR popula-
tion*(Title/Abstract) AND (“2012”(Date - Publication): “2021”(Date -
Publication))). 

This resulted in 4008 publications. The publications were reviewed to identify 
studies that provided prevalence estimates. Population-based studies with at least 
1500 participants for cross-sectional studies were included. Some studies cover a 
wide age range and present estimates for, e.g. both adults and older adults. These are 
presented as subsamples where study participant numbers do not necessarily exceed 
1500. Further, we excluded studies that did not report an appropriate and comparable 
estimate of sedentary behaviour, defined as providing means and standard deviation 
(SD) or medians and interquartile range (IQR) for total sitting time or selected 
domains of sedentary behaviour. Studies not reporting prevalence measures on the 
total population (e.g. estimates for men and women separately or in clinical 
populations) were excluded. Furthermore, we used a threshold of at least 6 h/day 
for ‘high volumes of sitting’ according to evidence from large epidemiological 
studies [10, 20–22]. 

Prevalence data from the selected studies were examined to produce an overall 
mean range and median estimate of sedentary behaviour. The studies among adults 
(n = 50 studies) and older adults (n = 7) are shown in Table 2.1, and among children 
and adolescents in Table 2.2 (n = 26). For each paper, the lead author and year of 
publication are reported as well as the country and year of study, age group and 
sample size. Information on sedentary behaviour was extracted as follows: for adults 
and older adults: total sitting time, TV-viewing/screen time, sitting time at work and 
computer use and for children and adolescents: total sitting time, TV-viewing, 
computer use and screen time. The prevalence of sedentary behaviour is expressed 
as total sitting time (hours per day) or as time spent on specific sitting activities 
(hours per day). 

2.2.4 The Prevalence of Total Sitting Time Among Adults 

The purpose of the descriptive epidemiology of sedentary behaviour is to estimate 
the prevalence of sitting time. As can be seen from Table 2.1, estimates were mostly 
from high-income countries. Across included studies, the median of the estimates of 
total daily sitting time was 6.4 h/day ranging from 2.5 to 11.9 h of sitting per day. 
From studies measuring sitting time using device-based methods, the median was 
8.3 h/day (mean range 6.9 to 11.9 h/day). This is 2.7 h more than the median self-
reported sitting time, where the median was 5.6 h/day (mean range 2.5–10.4). In 
studies reporting sitting for more than 6–8 h/day, the median prevalence of ‘high 
sitting time’ was approximately one third of the samples (32%).



]

50 H. Ahrensberg et al.

T
ab

le
 2
.1
 
D
es
cr
ip
tiv

e 
es
tim

at
es
 o
f 
th
e 
pr
ev
al
en
ce
 o
f 
se
de
nt
ar
y 
be
ha
vi
ou

r 
20

12
–2

02
1,
 a
du

lts
 a
nd

 o
ld
er
 a
du

lts
 

S
tu
dy

C
ou

nt
ry

Y
ea
r

A
ge
 g
ro
up

S
am

pl
e 
si
ze
 (
N
) 

C
on

te
xt
 o
f 
si
tti
ng

 t
im

e 
M
ea
n 
ho

ur
s 
pe
r 
da
y 
(h
/d
ay
) 
±
 S
D
 if
 n
ot
hi
ng

 e
ls
e 
is
 s
ta
te
d 

T
ot
al
 s
itt
in
g 
tim

e 

T
V
 

vi
ew

in
g/
 

sc
re
en
-t
im

e 
W
or
k

C
om

pu
te
r 

Se
lf
-r
ep
or
te
d 

A
ad
ah
l 
et
 a
l. 
(2
01

3)
 [
23
]

D
en
m
ar
k

20
10

25
–7

9
77

,5
17

4.
60

 
±
 2
.7
9 
h/
 

da
y 

A
gu

ila
r-
F
ar
ia
s 
et
 a
l. 
(2
01

7)
 

(s
ub

sa
m
pl
e)
 [
24

] 
C
hi
le

20
09

–2
01

0 
18
–6

9
N
ot
 s
ta
te
d 
(w

ho
le
 

po
pu

la
tio

n:
 

n 
=
 5
03

1)
 

2.
5 
h/
da
y 

A
gu

ila
r-
F
ar
ia
s 
et
 a
l. 
(2
01

7)
 

(s
ub

sa
m
pl
e)
 [
24

] 
C
hi
le

20
09

–2
01

0 
70
–7

9
N
ot
 s
ta
te
d 
(w

ho
le
 

po
pu

la
tio

n:
 

n 
=
 5
03

1)
 

2.
7 
h/
da
y 

A
sz
ta
lo
s 
et
 a
l. 
(2
01

5)
 [
25
]

B
el
gi
um

N
ot
 s
ta
te
d 

25
–6

4
43

44
a 

4.
7 
±
 2
.3
 h
/d
ay
 

B
en
ni
e 
et
 a
l. 
(2
01

3)
 [
26

32
 

co
un

tr
ie
s 

20
05

15
–9

8
27

63
7b

 
5.
2 
±
 3
.1
 h
/d
ay
 

5
(3
–7

) 
h/
da

y 

B
jo
rk
 P
et
er
se
n 
et
 a
l. 
(2
01

4)
 

[2
7]
 

D
en
m
ar
k

20
07

–2
00

8 
18
–9

9
71

36
3c

 
6.
9 
(4
.5
–8

.7
) 

h/
da

y 

B
or
od

ul
in
 e
t 
al
. (
20

15
) 
[2
8]
 

F
in
la
nd

20
02

25
–7

4
45

16
d
 

6.
4 
±
 3
.2
 

6.
0 
(4
.0
–9

.0
) 

h/
da

y 

C
el
is
-M

or
al
es
 e
t a
l. 
(s
ub

-
sa
m
pl
e)
 (
20

15
) 
[2
9]
 

C
hi
le

20
09

–2
01

0 
18
–6

4
41

57
3.
4 
h/
da
y 

C
el
is
-M

or
al
es
 e
t a
l. 
(s
ub

-
sa
m
pl
e)
 (
20

15
) 
[2
9]
 

C
hi
le

20
09

–2
01

0 
64

+
6.
1 
h/
da
y

≥
2 
h/
da
y:
 

84
.1
%
 

≥
1 
h/
da
y:
 

53
.4
%
 

C
ha
u 
et
 a
l. 
(2
01

5)
 [
30

]
N
or
w
ay

20
06

–2
00

8
50

81
7e

 
4+

 h
/d
ay
: 

13
.3
%



7+
:h

/d
ay
:3

2.
0%

10
+
h/
da
y:

13
.3
%

(c
on

tin
ue
d)

C
ha
u 
et
 a
l. 
(2
01

2)
 [
31

]
A
us
tr
al
ia

20
07

–2
00

8 
15
–6

9
10

,7
85

 w
or
ki
ng

 
ad
ul
ts
f 

3.
8 
±
 3
.0
 h
/ 

da
y 

C
le
m
es
 e
t a
l. 
(2
01

6)
 [
32
]

U
K

20
12

18
+

44
36

10
.4
 ±
 2
.8
 h
/d
ay
 

1.
5 
±
 1
.2
 h
/ 

da
y 

6.
3 

±
 1
.8
 h
/ 

da
y 

G
ua
lla
r-
C
as
til
lo
n 
et
 a
l. 

(2
01

4)
 [
33
] 

S
pa
in

20
08

–2
01

2 
18

+
42

71
2.
2 
±
 1
.4
7 

H
ad
gr
af
t 
et
 a
l. 
(2
01

5)
 [
34

]
A
us
tr
al
ia

20
11

–2
01

2 
M
ea
n:
 5
3

12
35

 w
or
ki
ng

g
 

1.
4 

(0
.7
–2

.1
) 

h/
da

y 

6.
0 

(3
.0
–7

.6
) 

h/
da

y 

H
am

er
 e
t a
l. 
(2
01

4)
 [
35
]

E
ng

la
nd

20
08

16
–9

5
11

,6
58

4.
9 
±
 1
.5
 h
/d
ay

2.
8 
±
 1
.6
 

H
er
m
an
 e
t 
al
. (
20

16
) 
[3
6]

C
an
ad
a

20
11

–2
01

2 
20
–7

5+
92

,9
18

≥
2 
h/
da
y:
 

31
%
 

≥
5 
h/
da
y:
 

44
%
 

H
or
ta
 e
t 
al
. (
20

15
) 
[3
7]

B
ra
zi
l

20
12

–2
01

3 
30

12
41

h
 

H
ig
he
st
 q
ua
rt
ile
: 

12
.3
–1

5.
9 
h/
da
y 

L
in
 e
t 
al
. (
20

15
) 
[3
8]

U
S
A

20
02

38
–4

5
52

85
 w

or
ki
ng

i 
3.
0 

±
 1
.1
 h
/ 

da
y 

M
at
th
ew

s 
et
 a
l. 
(2
01

2)
 [
39
] 

U
S
A

19
95

–1
99

6 
50
–7

1
24

0,
81

9j
 

7+
 h
/d
ay
: 2

3%
 

9+
 h
/d
ay
: 8

.3
%
 

3+
 h
/d
ay
: 

62
.7
%
 

5+
 h
/d
ay
: 

18
.9
%
 

M
at
th
ew

s 
et
 a
l. 
(2
01

4)
 [
40
] 

U
S
A

20
02

–2
00

9 
40
–7

9
63

,3
08

k
 

H
ig
he
st
 q
ua
rt
ile
: 

>
12

.0
 h
/d
ay
 

M
at
th
ew

s 
et
 a
l. 
(2
02

1)
 

(s
ub

sa
m
pl
e)
 [
41

] 
U
S
A

20
19

20
–6

9
25

09
9.
5 
h/
da
y

2.
3 
h/
da
y

1.
9 
h/
da
y 

1.
0 
h/
da
y 

M
ed
in
a 
et
 a
l. 
(2
02

1)
 [
42
]

M
ex
ic
o

20
18

–2
01

9 
20
–6

9
38

,0
33

2 The Descriptive Epidemiology of Sedentary Behaviour 51



T
ab

le
2.
1

(c
on

tin
ue
d)

S
tu
dy

C
ou

nt
ry

Y
ea
r

A
ge

gr
ou

p
S
am

pl
e
si
ze

(N
)

C
on

te
xt

of
si
tti
ng

tim
e

M
ea
n
ho

ur
s
pe
r
da
y
(h
/d
ay
)
±
S
D
if
no

th
in
g
el
se

is
st
at
ed

T
ot
al
si
tti
ng

tim
e

T
V

vi
ew

in
g/

sc
re
en
-t
im

e
W
or
k

C
om

pu
te
r

3.
6
h/
da
y:

≥
7
h/
da
y:

11
.3
%

]

M
ie
lk
e 
et
 a
l. 
(2
01

4)
 [
43
] 

an
d 
M
un

ir
 e
t a
l. 
(2
01

5)
 [
44

] 
B
ra
zi
l

20
12

>
20

29
27

1
 

5.
8 
±
 4
.5
 h
/d
ay
 

4.
5 
(2
.5
–8

.0
) 

h/
da

y 

M
ilt
on

 e
t 
al
. (
20

14
) 
[4
5

27
 

E
ur
op

ea
n 

co
un

tr
ie
s 

20
13

>
15

27
,9
19

m
 

4.
9 
±
 2
.3
 

5.
0 
(3
.0
–7

.0
) 

h/
da

y 
8.
5 
+
 h
/d
ay
: 

11
.3
%
 

M
itá
š 
et
 a
l. 
(2
01

4)
 [
46

]
C
ze
ch
 

R
ep
ub

lic
 

20
07

15
–6

9
40

97
5.
9 
(4
.0
–8

.0
) 

M
un

ir
 e
t 
al
. (
20

15
) 
[4
4]

N
or
th
er
n 

Ir
el
an
d 

20
12

M
ed
ia
n 
ag
e 

35
–4

4 
ye
ar
s 

44
36

6.
4 

±
 1
.9
 h
/ 

da
y 

P
in
to
 P
er
ei
ra
 a
nd

 P
ow

er
 

(2
01

3)
 [
47
] 

U
K

20
03

44
–4

5
65

62
 w

or
ki
ng

n
 

3+
 h
/d
ay
: 

19
.9
%
 

3–
4
h/

 
da
y:
 

6.
8%

 
4+

 h
/d
ay
: 

35
.0
%
 

R
yu

 e
t 
al
. (
20

15
) 
[4
8]

K
or
ea

20
11

–2
01

3 
M
ea
n:
 3
9.
9 

13
9,
05

6o
 

7.
6 
±
 3
.8
 h
/d
ay
 

S
ai
dj
 e
t a
l. 
(2
01

5)
 [
49

]
F
ra
nc
e

20
09

>
18

35
,4
44

 w
or
ki
ng

p
 

2.
19

 
±
 1
.6
2 
h/
 

da
y 

4.
2 

±
 3
.1
 h
/ 

da
y

52 H. Ahrensberg et al.



(c
on

tin
ue
d)

S
ai
dj
 e
t a
l. 
(2
01

3)
 [
50

]
D
en
m
ar
k

20
06

18
–6

9
35

44
 w

or
ki
ng

q
 

7.
2 
±
 2
.8
 h
/d
ay

4.
1 

±
 2
.7
 h
/ 

da
y 

S
ha
rk
as
 e
t 
al
. (
20

15
) 
[5
1]

Jo
rd
an

20
07

>
18

36
54

9.
8 
h/
da
y 

S
hi
h 
et
 a
l. 
(2
01

4)
 [
52

]
T
ai
w
an

20
11

>
40

10
94

0r
 

7+
 h
/d
ay
: 3

1.
7%

 

S
lo
an
 e
t a
l. 
(2
01

3)
 [
53
]

S
in
ga
po

re
20

10
18
–7

9
43

37
s 

5
(3
–8

) 
h/
da

y 
H
ig
he
st
 te
rt
ile
: 

10
 (
8–
11

) 
h/
da
y 

S
od

er
gr
en
 e
t a
l. 
(2
01

2)
 [
54
] 

A
us
tr
al
ia

20
10

55
–6

5
36

44
t 

5.
8 
±
 2
.9
 h
/d
ay
 

5.
1 
(5
.0
–5

.3
) 

S
ta
ia
no

 e
t a
l. 
(2
01

4)
 [
55
]

U
S
A

20
07

20
+

45
60

u
 

5.
7 
(5
.5
–5

.8
) 

h/
da

y 

S
ta
m
at
ak
is
 e
t 
al
. (
20

12
a)
 

[5
6]
 

A
us
tr
al
ia

20
10

>
47

26
,3
66

 w
or
ki
ng

v
 

5.
5 
±
 3
.1
 h
/d
ay

2.
4 
±
 1
.4
 h
 

S
ta
m
at
ak
is
 e
t 
al
. (
20

12
b)
 

[5
7]
 

U
K

20
08

16
–6

5
59

48
w
 

H
ig
he
st
 te
rt
ile
: 

>
7.
8 
h/
da
y 

T
cy
m
ba
l 
et
 a
l. 
(2
02

0)
 [
58
]

A
rm

en
ia

20
16

18
–6

9
22

49
3.
8 
±
 (
3.
6–

4.
1)
 

h/
da
y 

3.
0 
(2
.0
–5

.5
) 

h/
da

y 
>
8 
h/
da
y:
 1
3.
2%

 

U
ss
er
y 
et
 a
l. 
(2
02

1)
 [
21
]

U
S

20
17

–2
01

8 
>
18

58
56

5.
9 
h/
da
y 

≥
6 
h/
da
y:
 1
9.
7%

 

va
n 
de
r 
P
lo
eg
 e
t 
al
. (
20

12
) 

[5
9]
 

A
us
tr
al
ia

20
06

–2
01

0 
>
45

22
,2
49

7x
 

8+
 h
/d
ay
: 2

5.
1%

 
11

+
 h
/d
ay
: 6

.4
%
 

W
al
lm

an
n-
S
pe
rl
ic
h 
et
 a
l. 

(2
01

3)
 [
60
] 

G
er
m
an
y

20
10

M
ea
n:
 4
9.
3 

20
00

5.
3 
±
 3
.1
 h
/d
ay
 

5.
0 
h/
da

y 
>
6 
h/
da
y:
 3
0.
1%

 

W
in
 e
t 
al
. (
20

15
) 
[6
1]

S
in
ga
po

re
20

12
M
ea
n:
 4
3

23
19

y
 

6
(3
–8

) 
h/
da

y 
8+

 h
/d
ay
: 3

7%

2 The Descriptive Epidemiology of Sedentary Behaviour 53



T
ab

le
2.
1

(c
on

tin
ue
d)

S
tu
dy

C
ou

nt
ry

Y
ea
r

A
ge

gr
ou

p
S
am

pl
e
si
ze

(N
)

C
on

te
xt

of
si
tti
ng

tim
e

M
ea
n
ho

ur
s
pe
r
da
y
(h
/d
ay
)
±
S
D
if
no

th
in
g
el
se

is
st
at
ed

T
ot
al
si
tti
ng

tim
e

T
V

vi
ew

in
g/

sc
re
en
-t
im

e
W
or
k

C
om

pu
te
r

Y
an
g 
et
 a
l. 
(2
01

9)
 (
su
b-

sa
m
pl
e)
 [
62

] 
U
S
A

20
03

–2
01

6 
20
–6

4
31

,8
98

6.
5 
h/
da
y

≥
 2
 h
/d
ay
: 

61
.5
%
 

≥
 2

h/
 

da
y:
 

49
.9
%
 

Y
an
g 
et
 a
l. 
(2
01

9)
 (
su
b-

sa
m
pl
e)
 [
62

] 
U
S
A

20
03

–2
01

6 
>
64

6.
1 
h/
da
y

≥
2 
h/
da
y:
 

84
.1
%
 

≥
1 
h/
da
y:
 

53
.4
%
 

D
ev
ic
e-
ba

se
d*

 

B
ar
on

e 
G
ib
bs
 e
t a
l. 
(2
01

5)
 

[6
3]
 

U
S
A

20
05

–2
00

6 
38
–5

0
20

27
z 

8.
1 
±
 1
.7
 h
/d
ay
 

C
ar
so
n 
et
 a
l. 
(2
01

4)
 [
64

]
C
an
ad
a

20
09

/2
01

1 
20
–7

9
49

35
10

.8
 ±
 2
.0
 h
/d
ay
 

C
he
n 
et
 a
l. 
(2
01

7)
 (
su
bs
am

-
pl
e)
 [
65
] 

Ja
pa
n

20
09

40
–6

4
89

9a
a 

6.
9 
h/
da
y 

C
he
n 
et
 a
l. 
(2
01

7)
 (
su
bs
am

-
pl
e)
 [
65
] 

Ja
pa
n

20
09

≥
65

84
1a

a 
7.
3 
h/
da
y 

H
ag
st
rö
m
er
 e
t 
al
. (
20

15
) 

[6
6]
 

S
w
ed
en

20
01

18
–7

5
11

72
8.
21

 ±
 1
.5
 h
/d
ay
 

H
us
u 
et
 a
l. 
(2
01

6)
 [
67

]
F
in
la
nd

20
11

–2
01

2 
18
–8

5
15

87
8.
3 
h/
da
y 

Jo
ha
ns
so
n 
et
 a
l. 
(2
01

9)
 

(s
ub

sa
m
pl
e)
 [
68

] 
D
en
m
ar
k

20
11

–2
01

5 
20
–6

5
96

8a
b
 

9.
5 
h/
da

y 

Jo
ha
ns
so
n 
et
 a
l. 
(2
01

9)
 

(s
ub

sa
m
pl
e)
 [
68

] 
D
en
m
ar
k

20
11

–2
01

5 
>
65

70
2a

b
 

9.
9 
h/
da
y 

K
im

 e
t 
al
. (
20

15
) 
[6
9]

U
S
A

20
03

–2
00

6 
>
18

59
17

ac
 

8.
1 
±
 4
.5
 h
/d
ay
 

Q
i 
et
 a
l. 
(2
01

5)
 [
70
]

U
S
A

20
08

–2
01

1 
18
–7

4
12

,0
83

 H
is
pa
ni
c 
an
d 

L
at
in
os

ad
 

11
.9
 h
/d
ay

54 H. Ahrensberg et al.



]

S
ta
m
at
ak
is
 e
t 
al
. (
20

12
b)
 

[5
7]
 

U
K

20
08

16
–6

5
17

72
ae
 

H
ig
he
st
 te
rt
ile
: 

>
10

.2
 h
/d
ay
 

V
an
 D

yc
k 
(2
01

5)
 [
71

10
 

co
un

tr
ie
s 

20
02

–2
01

1 
18
–6

5
57

12
af
 

8.
55

 ±
 1
.7
5 
h/
 

da
y 

Y
at
su
gi
 e
t a
l. 
(2
02

1)
 [
72
]

Ja
pa
n

20
09

, 
20

11
, 2

01
7 

65
+

39
98

7.
5 
h/
da
y 

±
 2
.0
 h
/d
ay
 

W
he
n 
th
e 
pa
pe
r 
in
cl
ud

es
 m

ul
tip

le
 y
ea
rs
 o
f 
su
rv
ey
, o

nl
y 
th
e 
m
os
t 
re
ce
nt
 y
ea
rs
 a
nd

 e
st
im

at
es
 a
re
 i
nc
lu
de
d 

It
al
ic
s 
in
di
ca
te
 t
ha
t 
th
e 
es
tim

at
es
 a
re
 m

ed
ia
n 
va
lu
es
 a
nd

 t
he
 in

te
rq
ua
rt
ile
 r
an
ge
 

a B
el
gi
an
 H

ea
lth

 I
nt
er
vi
ew

 S
ur
ve
y 
(B
-H

IS
),
 b
 E
ur
ob

ar
om

et
er
 s
tu
dy

, 
c D

A
N
H
E
S
 c
oh

or
t, 

d
 F
IN

R
IS
K
 2
00

2,
 H

U
N
T
3 
S
tu
dy

, 
f A
us
tr
al
ia
n 
N
at
io
na
l 
H
ea
lth

, 
S
ur
ve
y,
 

g
 A
us
D
ia
b 
S
tu
dy

, h
 19
82

 P
el
ot
as
 (
B
ra
zi
l)
 B
ir
th
 C
oh

or
t, 

i N
at
io
na
l L

on
gi
tu
di
na
l S

ur
ve
y 
of
 Y
ou

th
 1
97

9 
(N

L
S
Y
79

),
 j N

IH
-A

A
R
P
 D
ie
t a
nd

 H
ea
lth

 S
tu
dy

, k
 S
ou

th
er
n 

C
om

m
un

ity
 C
oh

or
t S

tu
dy

, l
 T
hi
s 
st
ud

y 
is
 p
ar
t o
f a
 m
ul
tip

ur
po

se
 h
ea
lth

 s
ur
ve
y 
co
nd

uc
te
d 
in
 th
e 
ci
ty
 o
f P

el
ot
as
, S

ou
th
er
n 
B
ra
zi
l i
n 
20

12
, m

 E
ur
ob

ar
om

et
er
 s
tu
dy

—
 

po
pu

la
tio

n 
si
ze
 is
 th

e 
to
ta
l n

um
be
r 
of
 p
eo
pl
e 
in
 a
ll 
in
cl
ud

ed
 c
ou

nt
ri
es
 (
27

 c
ou

nt
ri
es
),
 n
 19
58

 B
ri
tis
h 
bi
rt
h 
co
ho

rt
, o

 K
an
gb

uk
, S

am
su
ng

 H
ea
lth

 S
tu
dy

, p
 N
ut
ri
N
et
-

S
an
te
 S
tu
dy

, q
 H
ea
lth

 2
00

6 
S
tu
dy

, r
 N
at
io
na
l H

ea
lth

 I
nt
er
vi
ew

 S
ur
ve
y 
(N

H
IS
),
 s S

in
ga
po

re
 M

in
is
tr
y 
of
 H
ea
lth

’s
 2
01

0 
N
at
io
na
l H

ea
lth

 S
ur
ve
y,
 t W

el
lb
ei
ng

, E
at
in
g 

an
d 
E
xe
rc
is
e 
fo
r 
a 
L
on

g 
L
if
e 
(W

E
L
L
) 
st
ud

y,
 u
 N
H
A
N
E
S
 2
01

0,
 v
 S
oc
ia
l, 
E
co
no

m
ic
, a
nd

 E
nv

ir
on

m
en
ta
l F

ac
to
r 
S
tu
dy

, w
 H
ea
lth

 S
ur
ve
y 
fo
r 
E
ng

la
nd

 (
H
S
E
) 
20

08
, 

x
 45
 a
nd

 U
p 
S
tu
dy

, 
y
 S
in
ga
po

re
 H

ea
lth

 2
01

2 
S
tu
dy

, 
z C
or
on

ar
y 
A
rt
er
y 
R
is
k 
D
ev
el
op

m
en
t 
in
 Y

ou
ng

 A
du

lts
 (
C
A
R
D
IA

) 
st
ud

y,
 a
a T
he
 H

is
ay
am

a 
st
ud

y,
 b
 T
he
 

C
op

en
ha
ge
n 
C
ity

 H
ea
rt
 S
tu
dy

, 
c N

H
A
N
E
S
 2
00

6–
20

08
, 
ad
 H
is
pa
ni
c 
C
om

m
un

ity
 H

ea
lth

, 
S
tu
dy

/S
tu
dy

 o
f 
L
at
in
os
 (
H
C
H
S
/S
O
L
),
 a
e H

ea
lth

 S
ur
ve
y 
fo
r 
E
ng

la
nd

 
(H

S
E
) 
20

08
, a

f I
P
E
N
 a
du

lt 
st
ud

y 
*
 S
ed
en
ta
ry
 b
eh
av
io
ur
 d
efi
ne
d 
as
 <

10
0 
co
un

ts
 p
er
 m

in
ut
e

2 The Descriptive Epidemiology of Sedentary Behaviour 55



56 H. Ahrensberg et al.

T
ab

le
 2
.2
 
D
es
cr
ip
tiv

e 
es
tim

at
es
 o
f 
th
e 
pr
ev
al
en
ce
 o
f 
se
de
nt
ar
y 
be
ha
vi
ou

r,
 s
tu
di
es
 p
ub

lis
he
d 
20

12
–2
02

1,
 c
hi
ld
re
n 
an
d 
ad
ol
es
ce
nt
s 

S
tu
dy

C
ou

nt
ry

Y
ea
r

A
ge
 g
ro
up

S
am

pl
e 
si
ze
 (
N
) 

C
on

te
xt
 o
f 
si
tti
ng

 ti
m
e 

M
ea
n 
ho

ur
s 
pe
r 
da
y 
(h
/d
ay
) 
±
 S
D
 i
f 
no

th
in
g 
el
se
 is
 s
ta
te
d 

T
ot
al
 s
itt
in
g 

tim
e 

T
V
 

vi
ew

in
g

co
m
pu

te
r 

S
cr
ee
n 
tim

e 

Se
lf
-r
ep
or
te
d 

B
ab
ey
 e
t a
l. 

(2
01

3)
 [
73
] 

U
S
A

20
05

12
–1
7

40
29

2.
3 

±
 0
.0
4 
h/
 

da
y 

1.
4 

±
 0
.0
4 
h/
 

da
y 

B
ay
gi
 e
t 
al
. 

(2
01

5)
 [
74
] 

Ir
an

20
09

–2
01

0
10

–1
8

26
18

3.
5 

±
 1
.2
 h
/ 

da
y 

2.
0 

±
 1
.2
 h
/ 

da
y 

5.
56

 ±
 1
.8
 h
/d
ay
 

C
ar
so
n 
et
 a
l. 

(2
01

5)
 [
75
] 

U
S
A

20
07

–2
01

2
12

–1
9

35
56

7.
5 
±
 6
.5
 h
/d
ay
 

C
he
n 
et
 a
l. 
(2
01

4)
 

[7
6]
 

T
ai
w
an

20
12

9–
12

19
33

4.
7 
±
 2
.4
 h
/d
ay

2.
9 
±
 2
.5
 h
/d
ay
 

C
he
n 
et
 a
l. 
(2
01

4)
 

[7
7]
 

C
hi
na

20
11

11
–1
8

99
01

>
4
h/

 
da
y:
 

1.
2%

 

>
 4

h/
 

da
y:
 

1.
7%

 

D
ad
va
nd

 e
t 
al
. 

(2
01

4)
 [
78
] 

S
pa
in

20
06

9–
12

31
78

>
 1
 h
/w
or
kd

ay
 

an
d 
>
 2

h/
 

w
ee
ke
nd

 d
ay
: 2

8.
4%

 

D
ua
n 
et
 a
l. 
(2
01

5)
 

[7
9]
 

C
hi
na

20
13

12
–1
5

17
93

≥
2
h/

 
da
y:
 

8.
3%

 

≥
2
h/

 
da
y:
 

22
.7
%
 

≥
2 
h/
da
y:
 4
2.
9%

 

Ia
nn

ot
ti 
an
d 

W
an
g 
(2
01

3)
 [
80
] 

U
S
A

20
09

–2
01

0
11

–1
5

10
,8
48

2.
4 

±
 0
.0
5 
h/
 

da
y 

1.
5 

±
 0
.0
5 
h/
 

da
y 

K
ie
ft
e-
de
 J
on

g 
et
 a
l. 
(2
01

3)
 [
81

] 
T
he
 

N
et
he
rl
an
ds
 

20
02

–2
00

6
2

24
20



≥
2
h/

da
y:

9.
0%

(c
on

tin
ue
d)

K
im

 e
t 
al
. (
20

16
) 

[8
2]
 

U
S
A

20
12

–2
01

3
14

–1
7

12
,0
81

≥
3
h/

 
da
y:
 

31
.8
%
 

≥
3
h/

 
da
y:
 

41
.0
%
 

K
on

g 
et
 a
l. 
(2
01

5)
 

[8
3]
 

K
or
ea

20
13

12
–1
8

53
,7
69

9.
3 
h/
da
y 

L
ea
th
er
da
le
 e
t a
l. 

(2
01

5)
 [
84
] 

C
an
ad
a

20
12

–2
01

3
14

–1
7

23
,0
31

8.
2 
±
 5
.2
 h
/d
ay

a 
1.
95

 
±
 1
.4
 h
/ 

da
y 

1.
4 

±
 1
.8
 h
/ 

da
y 

L
ee
 (
20

14
) 
[8
5]

U
S
A

20
01

–2
00

2
11

–2
1

37
17

1.
8 

±
 1
.8
 h
/ 

da
y 

0.
7 

±
 1
.2
 h
/ 

da
y 

3.
2 
±
 3
.4
 h
/d
ay
 

L
op

ri
nz
i 
(2
01

5)
 

[8
6]
 

U
S
A

20
11

–2
01

2
6–

17
40

,4
46

2.
0 
±
 0
.0
2 
h/
da
y 

va
n 
R
os
se
m
 e
t a
l. 

(2
01

2)
 [
87
] 

T
he
 

N
et
he
rl
an
ds
 

20
02

–2
00

6
3

46
88

≥
2
h/

 
da
y:
 

7.
8%

 

W
ijt
ze
s 
et
 a
l. 

(2
01

4)
 [
88
] 

T
he
 

N
et
he
rl
an
ds
 

20
02

–2
00

6
6

59
13

≥
2
h/

 
da
y:
 

19
.9
%
 

≥
1 
h/
d:
 

7.
6%

 

Y
an
g 
et
 a
l. 
(2
01

9)
 

(s
ub

sa
m
pl
e)
 [
62

] 
U
S
A

20
01

–2
01

6
5–

11
10

,3
59

≥
2
h/

 
da
y:
 

62
.2
%
 

≥
2
h/

 
da
y:
 

55
.9
%
 

Y
an
g 
et
 a
l. 
(2
01

9)
 

(s
ub

sa
m
pl
e)
 [
62

] 
U
S
A

20
03

–2
01

6
12

–1
9

96
39

8.
2 
h/
da
y

≥
2
h/

 
da
y:
 

59
.4
%
 

≥
2
h/

 
da
y:
 

12
.9
%
 

Z
ha
ng

 e
t a
l. 

(2
01

2)
 [
89
] 

C
hi
na

20
04

6–
18

54
97

>
2
h/

 
da
y:
 

23
.1
%

2 The Descriptive Epidemiology of Sedentary Behaviour 57



T
ab

le
2.
2

(c
on

tin
ue
d)

S
tu
dy

C
ou

nt
ry

Y
ea
r

A
ge

gr
ou

p
S
am

pl
e
si
ze

(N
)

C
on

te
xt

of
si
tti
ng

tim
e

M
ea
n
ho

ur
s
pe
r
da
y
(h
/d
ay
)
±
S
D

if
no

th
in
g
el
se

is
st
at
ed

T
ot
al
si
tti
ng

tim
e

T
V

vi
ew

in
g

co
m
pu

te
r

S
cr
ee
n
tim

e

D
ev
ic
e-
ba

se
d*

 

A
tk
in
 e
t a
l. 
(2
01

3)
 

[9
0]
 

U
.K

20
11

9–
14

20
64

5.
8 
±
 0
.7
 h
/d
ay

2.
2 
(1
.2
–3
.7
) 
h/
da
y 

H
er
rm

an
n 
et
 a
l. 

(2
01

5)
 [
91
] 

E
ur
op

eb
 

20
07

–2
00

8 
an
d 

20
09

–2
01

0 

2–
5 
an
d 
6–
0

15
12

 a
nd

 2
95

3
2–

5 
ye
ar
s:
 4
.4
 

±
 1
.5
 h
/d
ay
 

6–
10

 y
ea
rs
: 5

.7
 

±
 1
.5
 h
/d
ay
 

H
ild

eb
ra
nd

 e
t 
al
. 

(2
01

5)
 [
92
] 

E
ur
op

ec
 

19
97

–2
00

7
6–

18
10

,7
93

6.
2 
±
 1
.5
 h
/ 

da
yd

 

K
at
zm

ar
zy
k 
et
 a
l. 

(2
01

5)
 [
93
] 

IS
C
O
L
E
 

S
tu
dy

d
 

20
11

–2
01

3
9–

11
65

39
8.
55

 ±
 1
.1
5 
h/
 

da
yd

 

L
op

ri
nz
i 
et
 a
l. 

(2
01

5)
 [
94
] 

U
S
A

20
03

–2
00

6
6–

17
 

C
hi
ld
re
n:
6–

11
 

A
do

le
sc
en
ts
: 

12
–1
7 

C
hi
ld
re
n:
 1
03

6 
A
do

le
sc
en
ts
: 

16
08

 

C
hi
ld
re
n:
 5
.9
 

(5
.8
–6

.0
) 

h/
da
yd

 

A
do

le
sc
en
ts
: 

8 
(7
.8
–8
.2
) 

h/
da
yd

 

S
an
to
s 
et
 a
l. 

(2
01

4)
 [
95
] 

P
or
tu
ga
l

20
08

10
–1
8

25
06

9.
0 
±
 0
.0
3 
h/
 

da
yd

 

S
he
ra
r 
et
 a
l. 

(2
01

6)
 [
96
] 

IC
A
D
e 

19
97

–2
00

9
10

–1
8

12
,7
70

6.
4 
±
 1
.6
 h
/ 

da
yd

 

W
he
n 
th
e 
pa
pe
r 
in
cl
ud

ed
 m

ul
tip

le
 y
ea
rs
 o
f 
su
rv
ey
, o

nl
y 
th
e 
m
os
t 
re
ce
nt
 y
ea
rs
 a
nd

 e
st
im

at
es
 w

er
e 
in
cl
ud

ed
 

a T
ot
al
 s
ed
en
ta
ry
 b
eh
av
io
ur
 t
im

e 
is
 b
as
ed
 o
n 
th
e 
su
m
 o
f 
lo
w
es
t 
va
lu
es
 f
or
 e
ac
h 
of
 t
he
 fi
ve
 d
if
fe
re
nt
 r
ec
re
at
io
na
l 
se
de
nt
ar
y 
be
ha
vi
ou

rs
 r
ep
or
te
d 
(‘
w
at
ch
in
g/
 

st
re
am

in
g 
T
V
 s
ho

w
s 
or
 m

ov
ie
s’
; 
‘p
la
yi
ng

 v
id
eo
/c
om

pu
te
r 
ga
m
es
’;
 ‘
ta
lk
in
g 
on

 th
e 
ph

on
e’
; ‘
su
rfi
ng

 th
e 
In
te
rn
et
’ 
an
d 
‘t
ex
tin

g,
 m

es
sa
gi
ng

, e
m
ai
lin

g’
) 

b
 ID

E
F
IC
S
, i
de
nt
ifi
ca
tio

n 
an
d 
pr
ev
en
tio

n 
of
 d
ie
ta
ry
-
an
d 
lif
es
ty
le
-i
nd

uc
ed
 h
ea
lth

 e
ff
ec
ts
 i
n 
ch
ild

re
n 
an
d 
in
fa
nt
s

58 H. Ahrensberg et al.



c A
L
S
P
A
C
,
A
vo

n
L
on

gi
tu
di
na
l
S
tu
dy

of
P
ar
en
ts
an
d
C
hi
ld
re
n;

E
Y
H
S
,
E
ur
op

ea
n
Y
ou

th
H
ea
rt
S
tu
dy

;
K
IS
S
,
K
in
de
r
S
po

rt
st
ud

y;
S
P
E
E
D
Y
,
S
po

rt
,
P
hy

si
ca
l

A
ct
iv
ity

an
d
E
at
in
g
B
eh
av
io
ur
:
E
nv

ir
on

m
en
ta
l
D
et
er
m
in
an
ts
in

Y
ou

ng
P
eo
pl
e

d
IS
C
O
L
E
,
T
he

In
te
rn
at
io
na
l
S
tu
dy

of
C
hi
ld
ho

od
O
be
si
ty
,
L
if
es
ty
le

an
d
th
e
E
nv

ir
on

m
en
t.
S
tu
dy

si
te
s
lo
ca
te
d
in

A
us
tr
al
ia
,
B
ra
zi
l,
C
an
ad
a,
C
hi
na
,
C
ol
om

bi
a,

F
in
la
nd

,I
nd

ia
,K

en
ya
,P

or
tu
ga
l,
S
ou

th
A
fr
ic
a,
th
e
U
K

an
d
th
e
U
S
A

e I
C
A
D

da
ta

w
er
e
co
lle
ct
ed

in
A
us
tr
al
ia

(N
=

2:
20

01
/2
00

4/
20

06
;
20

02
–2

00
3/
20

06
),
B
ra
zi
l
(2
00

6–
20

07
),
D
en
m
ar
k
(1
99

7–
19

98
an
d
20

03
–2

00
4)
,
E
st
on

ia
(1
99

8–
19

99
),
P
or
tu
ga
l(
19

99
–2

00
0)
,S

w
itz
er
la
nd

(2
00

5–
20

06
),
th
e
U
K
(N

=
2:

20
03

–2
00

7;
20

06
–2

00
9)

an
d
th
e
U
S
A
(2
00

2–
20

06
).
B
as
el
in
e
da
ta
ar
e
us
ed

in
th
is
st
ud

y
*
S
ed
en
ta
ry

be
ha
vi
ou

r
de
fi
ne
d
as

<
10

0
co
un

ts
pe
r
m
in
ut
e

2 The Descriptive Epidemiology of Sedentary Behaviour 59



60 H. Ahrensberg et al.

Recent World Health Organization (WHO) recommendations on physical activity 
suggest that sedentary behaviour needs to be considered in combination with 
physical activity. In the literature search, only one large population-based study 
was identified reporting on the combined prevalence of high sedentary time and low 
physical activity. The study by Ussery et al. (2021) found that the prevalence of 
‘high sitting-least active’ group was 8.2% in 2007/2008 and 8.7% in 2017/2008 
among American adults based on self-reported data from the National Health and 
Nutrition Surveys [21]. This prevalence is similar to a multi-country showing 
estimates of ‘high sitting-least active’ group ranging from 7% to 10% across national 
population samples [9]. 

For many adults, three key domains contribute to total sitting time: work, leisure 
time and transportation [97, 98]. For working adults, occupational sitting is the 
largest contributor to the total amount of sitting time accumulated during the day 
[99, 100]. Today, many adults have sedentary jobs with continuous screen time and 
the use of labour-saving devices [98, 101, 102]. Based on the estimates in Table 2.1, 
the overall median occupational sitting time was 4.2 h/day (range 1.9–6.4 h/day). 
Thus, most working adults spent more than half of their working day sitting down. In 
addition to sitting at work, adults also engage in sedentary activities outside work. 
Both TV time and screen time have been used as proxy measures of sedentary 
behaviour in the domestic setting. In studies where TV time or screen time was 
reported, the median of the TV time estimates was 2.3 h/day (range 1.5–3.5 h/day), 
and overall, 41.2% reported watching TV for more than 3–4 h/day. Only a few 
studies have estimated the prevalence of sitting for transportation. The amount of 
time spent sitting for transportation depends on urban and transport planning as well 
as the transport culture [98]. Studies on European working adults have reported a 
mean sitting time for transportation between 0.5 and 1.0 h/day. Also, the distance to 
work influences the prevalence of sitting for transportation. In 2019, before the 
COVID-19 pandemic, four in five (79%) employed people in the European countries 
mainly worked at their employer’s or own premises, and the average time spent 
commuting was 25 minutes each way, which means 50 minutes per day for those 
driving or taking public transportation [103]. 

In addition to the individual sample studies in Table 2.1, several multi-country 
studies have compared sedentary prevalence. Jelsma et al. [9] analysed the preva-
lence of sedentary behaviour over time between 2002 and 2017 among European 
adults (15+ years) over four surveys from the Eurobarometer. The sample included 
28 European Member States with >15,000 respondents at each of the four time 
points. Sitting time were measured with The International Physical Activity Ques-
tionnaire (IPAQ), and high sitting was defined as >7.5 h/day. Results showed that 
trends in high sitting time were relatively stable over the 15-year period although the 
time trend was limited by a change in the sitting question between 2005 and 2013. 
Across years, 22.5% of the adult population (18+ years) was considered ‘high 
sitting’ in 2002, 21.1% in 2005, 17.5% in 2013 and 19.2% in 2017 [9].
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2.2.5 Sedentary Behaviour in Older Adults 

Although sedentary behaviour research suggests that older adults (aged ≥65 years) 
are the most sedentary, this age group has only had limited research. Table 2.1 shows 
seven studies reporting on the prevalence of sedentary behaviour among older 
adults. Across studies, there is a slight increase in the prevalence of sedentary time 
from younger older adults (e.g. 65–70 years) to the oldest adults (e.g. ≥85 years). 
The median daily siting time was 6.7 h ranging from 2.7 to 10.9, which indicates a 
wide variation in sedentary behaviour. This is partly due to differences in measure-
ment methods and differences in countries. As seen in Fig. 2.2, the median was 7.4 h/ 
day (mean range 7.3 to 7.5 h/day) among studies using device-based measures, while 
the median was 5.0 h/day (mean range 2.7 to 10.9 h/day) in studies using self-
reported methods. Sedentary behaviour seems to be more prevalent among wealthier 
and urban countries [104]. The lowest median estimates of sedentary behaviour are 
seen among studies in Chile (2.7 h/day [24] and 4.0 h/day [29]), whereas Denmark 
and the USA have some of the highest sedentary behaviour estimates (9.9 h/day [68] 
and 10.9 h/day [41]). The increase in sedentary time with age is largely due to an 
increase in TV viewing. The median TV time among older adults was 3.2 h/day, 
while it was 1.8 h/among children/adolescents and 2.3 h/day among adults [41]. Fur-
thermore, Yang et al. (2019) reported that 84.1% of older people aged ≥65 years 
watching TV for 2 h/day or more, while it was 61.5% among adults aged 
20–64 years [62]. These population-based estimates are similar to findings in pooled 
analyses and systematic reviews. The most recent systematic review of sedentary 
behaviour among elderly was conducted by Wullems et al. (2016). They reviewed 
48 studies and found older adults to be the most sedentary group (>60 years), with 
an accelerometer-derived median daily sitting time of 8.5–9.6 h/day, representing 
65–80% of their waking time [105]. Another systematic review by Harvey et al. 
(2013) found that approximately 60% of older adults (>60 years) reported sitting for 
more than 4 h/day; around a quarter reported more than 7 h sitting per day; and more 
than 54% reported TV viewing for more than 3 h/day [106]. 

Across years, prevalence estimates remained rather stable. The trend study by 
Jelsma et al. [9] shows a prevalence of ‘high sitting’ (>7.5 h/day) among the older 
age groups (65+ years) from 2002 to 2017, ranging from 16.9% to 22.6% of the 
study population [9]. 

2.2.6 Sedentary Behaviour Prevalence Estimates in Children 
and Adolescents 

Table 2.2 shows the prevalence of sedentary behaviour among children and adoles-
cents aged 2–21 years. The median total daily sitting time was 7.5 h (Fig. 2.2) and 
ranged from 4.4 for the youngest children, age 2–5  [91], to 9.3 h/day for adolescents, 
age 12–18 years [83].
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According to the WHO recommendations on physical activity and sedentary 
behaviour, there is sufficient evidence to support recommendations on limiting 
sedentary behaviours among children and adolescents. However, there is insufficient 
evidence available to fully describe the dose-response relationships between seden-
tary behaviour and health outcomes, and whether the associations vary by type or 
domain of sedentary behaviour [107]. For the individual studies reviewed in 
Table 2.2, the reported mean hours of TV viewing ranged from 1.8 h/day [74] to  
3.5 h/day [85]. One study reported that 31.8% of youth age 14–17 years reported 
more than 3 h/day on TV time [82], and another study reported that 62.2% of 
children, age 5–11, spent more than 2 h/day on TV viewing [62]. The overall screen 
time prevalence varied from 2 h to 5.6 h/day. 

Two large international school-based surveys, the Health Behaviour in School-
aged Children (HBSC) study and the Global School-Based Student Health Survey, 
present data on time spent sedentary. In the Global School-Based Student Health 
Survey across 97 countries, 25% of boys and 24% of girls aged 13–15 years reported 
sitting for longer than 3 h/day in their leisure time. In the HBSC study, the 
prevalence of 11–15 year olds who watch TV for 2 h or longer in weekdays was 
60% for boys and 56% for girls, and the prevalence of playing computer and video 
games for 2 h or longer on weekdays was 51% for boys and 33% for girls [108]. 

2.2.7 Discussion of Sedentary Behaviour Prevalence 
Estimates 

This review examined sedentary behaviour in studies published between 2012 and 
2021 and showed that sedentary behaviour comprises a substantial part of the total 
day for adults, older adults, children and adolescents. Since 2016, the median 
sedentary time among adults, older adults and children and adolescents has not 
changed significantly. For example, median self-report estimates for adults were 
5.6 h/day in the period 2012–2021, while studies from the period 2012–2016 
showed a median time of 5.5 h/day. However, there seems to be an increase in the 
number of studies using device-based measurements. 

For children and adolescents, prevalence data were higher using self-reported 
measures compared to device-based measures, whereas self-report estimates were 
lower than estimates obtained by device-based measures among adults and older 
adults (the data are summarised in Fig. 2.2). Although samples were not directly 
comparable, it suggests that adult self-report substantially underestimates total 
sitting time due to response bias (e.g. imprecise recall or influence of social desir-
ability) [29]. In a validation study, Gupta et al. (2017) reported a mean difference of 
204 min per day (~3.5 h/day) for total sitting time for self-reported versus 
accelerometer-based measures [109]. Also, a recent review of 132 studies comparing 
the data from 55,199 adults shows that the average mean difference was 1.7 h/day 
lower when self-reported compared to device measures [14]. Among children, no



large difference in estimates was observed between studies using self-reported and 
device-based measures. However, it should be noted that among children device-
based measures tend to be the most frequent mode of surveillance, due to challenges 
in obtaining accurate self-reported information from children. 
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Large national surveys of adults used brief questionnaires to report on either total 
or domain- specific sedentary behaviour. Self-reported questionnaires are less sen-
sitive and include risk of recall bias in relation to changes in sedentary time. 
However, self-reported time spent sitting at work seems to be better recalled 
compared to leisure time sedentary behaviour and the total sitting time during the 
day [14, 110]. For this reason, days of the week that are recalled or assessed by 
devices need to be considered in estimating total weekly sitting [111]. For example, 
among working adults, greater sitting time is reported on workdays resulting in 
variation in sitting time by weekend and weekday. 

Estimating the prevalence of high sitting in populations is complicated by a lack 
of consensus on the dose response relations and no clear threshold for too much 
sitting. Guidelines for sedentary behaviour only refer to reducing sitting time and, for 
children and adolescents, to reduce recreational screen time. 

In general, most studies show that for adults, mortality risk seems to increase for 
sitting times greater than 6–8 h/day [10, 20–22]. Thus, it may be inappropriate for 
studies to define high sitting as a total sitting time less than 6–8 h/day (≥5 h/day) and 
similarly missing substantial risk where studies define high sitting above the range of 
6–8 h/day (≥10 h/day). Further, it is not known whether cut-points for sedentary 
behaviour differ by domain or differ according to continuous versus interrupted 
sitting time. However, prolonged bouts of sitting are only reported in a few studies, 
making it difficult to compare estimates. 

Additional challenges for estimating sitting time include survey and sample 
differences, as some were estimates from population-representative data and others 
from more selected but large samples. For children and adolescents, screen time 
measures currently are limited to video games, television and computer time and 
summed to a measure of total sedentary behaviour. New sedentary technologies, 
including time on smart phones, games, tablets and other new screen-based devices, 
may contribute to additional, and currently unmeasured, sedentary time. However, it 
is still unclear whether screen time is a useful proxy measurement for sedentary time, 
as screen time does not necessarily take place while sitting or lying due to an increase 
in portable devices. 

2.3 Correlates of Sedentary Behaviour and Sitting 

During recent years, it has become apparent that both individual (e.g. age and 
gender), social (e.g. marital status and socioeconomic status) and environmental 
factors (e.g. physical environment) influence sedentary behaviours. Factors that 
influence sedentariness need to be identified in order to develop successfully



interventions to address sedentary behaviour. In this section, correlates of sedentary 
behaviour among adults, older adults and children and adolescents will be described. 
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2.3.1 Correlates of Sitting in Adults 

Numerous studies have examined factors associated with sitting time among work-
ing age adults. The contexts and types of sitting vary, as do the factors associated 
with them, but broadly, studies have examined the correlates of sitting at work and 
TV time and the correlates of total sitting time [112]. The largest study of sitting 
correlates was carried out in serial multi-country studies of European adults [9, 26, 
113]. Consistent correlates of high sitting time across countries were being a white-
collar worker, self-employed, having higher educational attainment, being a student 
or being retired [9, 112, 113]. Other correlates were low life satisfaction (depression) 
and both financial insecurity and unemployment [113]. In relation to age and gender 
differences, there is some variation by domains of sitting. Some studies have 
reported higher domestic sitting among women while men have higher occupational 
sitting and sitting for transportation. 

Among environmental correlates, those living in urban areas are more likely to 
have high sitting time [114]. Jelsma et al. [9] showed a threefold variation in high 
sitting by geographic residence across European countries in 2017 [9]. There is some 
evidence of higher total sitting time in Northern European countries such as in 
Denmark and the Netherlands compared to those in the southern parts of Europe 
[9, 26]. 

In most research, a strong and consistent positive association is noted between 
sitting and education attainment, income or measures of social position or socioeco-
nomic status [112, 115]. Those with higher education or socioeconomic position 
report sitting for longer, especially at work [112]. Full-time employment is a 
consistent correlate of prolonged sitting [115, 116]. Thus, both sitting time during 
work and traveling to and from work is higher for full-time workers than for part-
time workers. However, some studies have also shown that high sitting at work may 
result in less sedentary time outside of work [112]. On the other hand, unemploy-
ment is positively correlated with more TV and screen time [112]. Thus, the 
association between workplace sitting time and higher education is reversed for 
domestic sitting as measured by television time. 

There are consistent associations between high domestic sitting time (TV and 
screen time) and increased body mass index (BMI) [115, 117], and a few studies 
have also shown positive correlations between occupational sitting time and BMI 
[112]. One possible explanation of the domain-specific correlations is that leisure 
sitting time and TV time correlated with food cravings and snacking [112]. 

The presence of comorbidity and chronic health conditions is consistently asso-
ciated with increased sitting time [116]. Also, research suggest that sedentary 
behaviour may be linked (bidirectionally) to mental health outcomes such as depres-
sion and anxiety health [118–121], but the evidence for an association between



various types of sedentary behaviour and stress is limited [122]. Again, the associ-
ations may be influenced by other co-existing factors in which smoking correlates 
with sedentary behaviour, while alcohol consumption is unrelated [111]. 
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Regarding physical activity, there appears to be an inverse association with sitting 
time [34]. Survey data from 2017 show some indication of more active people being 
less likely to be ‘high sitters’ [9]. However, several other studies have not found that 
lack of physical activity is associated with high total sitting time [112]. The combi-
nation of high volumes of sedentary behaviour combined with low physical activity 
level may constitute a group most at risk of cardiometabolic disease, but correlates of 
this ‘high sitting/low physical activity’ combination need further exploration. In 
contrast to high sedentary behaviour which is dominated by individuals with higher 
educational attainment, the combination of high sedentary time and low physical 
activity is characterised by individuals with lower education [9]. Also, a study has 
shown that the concomitant pattern of both ‘high sitting and low physical activity’ is 
more strongly associated with obesity in young adults and may be a better marker of 
obesity risk [123]. 

2.3.2 Correlates of Sitting in Older Adults 

Older age groups usually refer to adults approaching or beyond retirement age, 
typically aged 65 years and older. One consistent factor through older adulthood is 
increased time spent watching television, partly as a consequence of increased free 
time, and partly contributed to by decreased mobility or increased 
comorbidity [124]. 

Chastin and colleagues (2015) carried out a systematic review of 25 studies of 
sedentary behaviours among older adults and identified that sitting time increased 
with age, and with low neighbourhood safety. In addition, those who were retired or 
had substantial comorbidity (including obesity) were more likely to spend time in 
prolonged sitting [125]. The trend study by Jelsma et al. [9] found that retired people 
consistently were more likely to be in the high sitting category compared to manual 
workers across years from 2002 to 2017 [9]. Furthermore, a national health survey of 
Canadians showed that older adults sat more if they lived in apartments (compared 
with living in houses or separated dwellings) or if they felt disconnected from their 
community. Increased rates of high volumes of sedentary behaviour were also seen 
among widowed or divorced older adults but showed no clear associations with 
income or education in older age [9, 126]. Comorbidity was repeatedly associated 
with prolonged sitting, especially chronic cardiac or pulmonary disease, obesity, low 
physical activity or poor self-rated health [127]. Similar associations were seen in a 
large sample of older adults in southern Brazil, where comorbidity and low physical 
activity were correlates of prolonged sitting time [128], as well as in studies of colon 
cancer patients [129] and older Canadians [130]. Thus, poorer level of functioning 
and chronic diseases explain why sedentary time increases with age (cf. Sect. 
2.3.2)  [131].
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A study of older Canadians showed significant correlates included poor self-rated 
health status, obesity, smoking and low physical activity [132]. Another study of 
older Canadians suggested that total sitting was correlated with obesity and with 
home Internet availability [133]. By contrast, an Australian population study failed 
to find specific correlates of sitting in the elderly, except for social supports and 
friends who discouraged sitting [134]. 

Kesse-Guyot et al. (2012) examined the relationship between sedentary time and 
cognitive function in a large French cohort aged over 65 years and followed between 
2001 and 2007 [135]. Increased computer use was associated with improvements in 
cognitive performance, but increased TV time showed the opposite association. This 
longitudinal study showed the different health relationships of different contexts and 
types of sitting. Changes in sitting time in longitudinal studies may better charac-
terise epidemiological exposure and are more useful in understanding correlates/ 
determinants than simple associations from cross-sectional studies [136]. 

2.3.3 Correlates of Sitting and Sedentary Behaviours Among 
Children and Adolescents 

The majority of children and adolescents attend school, and hence measurement of 
their sedentary behaviour focuses on their discretionary (outside of school) time. It 
has been estimated that children spent between 41% and 51% of the after-school 
period sedentary and that adolescents are more sedentary than children. Sedentary 
activities include TV viewing and other screen-based behaviours as well as non-
screen-based sedentary behaviours such as social sedentary behaviours, motorised 
transport, homework and reading [137]. Information on the correlates of sedentary 
behaviour in children and adolescents and screen time in particular can inform 
intervention efforts for children at greatest risk of sitting for longer periods of time 
that may impact on their health [108]. 

Correlate studies among children and adolescents are limited by the differences in 
the measurement across surveys including variable inclusion of new screen devices. 
Although better measures of sedentary behaviour are required, there have been 
several reviews of sedentary behaviour correlates in children and adolescents 
which consistently show sociodemographic and environmental factors influence 
sedentary behaviour. The review by Temmel and Rhodes (2013) based on 181 stud-
ies published between 2001 and 2011 shows that age, gender and (family) socio-
economic status are consistently associated with children and adolescents’ sedentary 
behaviour [138]. Also, a European study conclude that television viewing and 
computer use were positively associated with accelerometer-derived sedentary 
time [139]. 

Age has been the most consistent correlate with most studies indicating that 
sedentary behaviour increases as children move into adolescence [138]. There are, 
however, gender differences in sedentary behaviour, with boys more likely to have



higher screen time compared with girls and girls more likely to spend time in 
non-screen time sedentary behaviour activities such as reading, compared with 
boys [138, 140]. 

68 H. Ahrensberg et al.

High socioeconomic status or high parental education was associated with lower 
levels of some aspects of sedentary behaviour, including children and adolescent’s 
television and video watching time [73, 141]. Some of these aspects of sedentary 
behaviour were more common among boys than girls [73]. Even within categories of 
screen time, cultural differences occur, with more television time reported by 
African-American adolescents from low socioeconomic backgrounds, and more 
screen and computer time reported by Asian-Americans from higher income back-
grounds who also reported less physical activity [73]. 

Globally, social and economic correlates are less clear, with some evidence of 
increased sedentary behaviour in urban environments, compared with rural children 
in low-middle-income countries [142]. There are added seasonal differences in some 
countries, with increased sedentary behaviour in the coldest or warmest months 
[143]. Higher screen time has been reported among migrant children in developed 
countries, compared with nonmigrant children although this may be due to low 
socioeconomic circumstances, a lack of access to other leisure time facilities and 
urban crowding [138]. 

Psychosocial correlates have been examined in several studies. Self-esteem has 
been shown to be inversely related to screen time [144], and overall measures of 
sedentary behaviour are associated with reduced quality of life, and measures of 
emotional health and wellbeing [145]. Regarding behavioural correlates of sedentary 
behaviour, overall, studies show an inverse association between healthy diet, mea-
sured through indicators of fruit and vegetable consumption and sedentary behav-
iours [138]. Also, sleep is consistently and inversely associated with sedentary 
behaviour, as there is a displacement effect of more sedentary time encroaching on 
sleep time; this was demonstrated in a substitution modelling paper using acceler-
ometer data on American adolescents [146]. For children and adolescents, there are 
clear and inverse associations between physical activity and sedentary behaviour 
[138, 147, 148] where sedentary behaviour has been shown to be associated with 
lesser participation in physical education classes [149]. The association between 
sedentary behaviour and obesity may be stronger for TV time compared to other 
settings for sedentary behaviours and is partly a consequence of food advertising to 
children on television, and the displacement of time that could be spent in physical 
activity [150]. 

Environmental and social factors influence sedentary behaviours and sitting time 
and may be moderated by cultural and economic influences. Outdoor environmental 
factors, such as accessible play spaces and playground density, may be associated 
with decreased sedentary behaviours and concomitant increases in physical activity 
[151]. By contrast, low neighbourhood safety is associated with increased sedentary 
behaviour [138]. Dog ownership and a walkable environment were associated with 
increased walking but made no difference to sedentary behaviour or screen 
time [152].
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A longitudinal study of Vietnamese adolescents followed from age 11 to age 
16 years showed marked increases in screen time through adolescence, especially 
those from more affluent families, showing a different pattern to developed countries 
[153]. More important contributions come from indoor and family environments, 
which influence and regulate sedentary behaviour among adolescents through the 
presence of a television in the child’s bedroom, through parental modelling of 
sedentary behaviours and physical activity and through behaviours such as being 
allowed to eat meals in front of television [154, 155]. Studies to 2011 were 
remarkably consistent in this area, with all of 19 studies showing associations 
between TV in the bedroom and increased sedentary behaviour [138]. 

Information on the prevalence and correlates of sedentary behaviour among 
preschool age children is limited. In this age group, sedentary behaviour is reported 
by parents who can only report on their child’s behaviour while in their care. There is 
some information on screen time in this age group, and a review estimated that 
preschoolers screen time ranges from 37 minutes up to almost 6 h a day [156]. Fur-
ther, sedentary behaviour among preschool-age children differs from sedentary 
behaviour in older children. For example, no studies have examined time spent in 
strollers/prams and other child restraint devices (e.g. play pens, car seats). Acceler-
ometers have been used in this age group, but these devices provide no contextual 
information on the child’s sedentary behaviour and the information that is collected 
is hampered by the lack of consensus on cut points for sedentary behaviour. 

2.4 Implications of Current Prevalence and Correlates 
of Sedentary Behaviour 

When monitoring sedentary behaviour in the general population, it is often desirable 
to use the most low-cost and feasible but also the most accurate and robust methods. 
Different measures assess sedentary behaviours in different contexts, and for popu-
lation surveillance, and provide different and complementary information (Chap. 3). 
Self-report measures provide a measure of perceived behaviour and can provide 
more contextual information such as the type of sedentary behaviour being 
performed (e.g. television watching, passive transport, screen time), whereas device 
measures continuously capture bodily movement at specific thresholds or in specific 
postures (i.e. sitting/lying), but often lack contextual information [157]. The vari-
ability has great consequences for the interpretation of the prevalence of total sitting 
time in the population. In this chapter, we have reported on the prevalence in large 
sample and population studies measured by either self-reported or device-based 
measured sitting time. Among adults, the self-reported estimate was 2.7 h less than 
that measured by device-based assessment. Surveillance data on sedentary behaviour 
rely on cross-sectional prevalence studies and is influenced by methods used for 
collection and assessment of data. Thus, the proportional increase in the number of



device-based studies compared to self-reported studies may explain the apparent 
increase in the overall median sitting time. 
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Device-based methods may better characterise sedentary behaviour and should be 
applied in prevalence studies. Rapid changes in future technologies may provide 
new methods for assessing sedentary time. Nonetheless, the respondent burden, 
costs and feasibility should be considered when assessing sedentary behaviour in 
large population samples. Further, besides measuring duration, information on both 
total and domain-specific sedentary behaviour are needed to better characterise risks 
associated with sedentary behaviour. Furthermore, there is a fundamental need to 
monitor the prevalence of sedentary behaviours over time, using identical measures 
and methods to identify population trends. Few trend studies have investigated 
changes in sedentary behaviour over the past years; however, sedentary behaviour 
is defined by different cut-point and some studies look at ‘high sitting time’ based on 
epidemiological evidence (≥6–8 h/day). Using device-based measures is desirable, 
but would need to be future-proof, to prevent technical advances creating 
noncomparable population measurements [158]. 

Based on the concept of ‘tracking’, prevalence across the lifespan can contribute 
important policy-relevant information. In a longitudinal perspective, sedentary 
behaviour among children today ‘tracks’ into adulthood, as some sedentary behav-
iours such as screen time may have strong habitual elements [159, 160]. Therefore, 
childhood may be a critical period in the development of healthy sedentary behav-
iour habits as it reduces the longer-term health consequences of high volumes of 
sedentary behaviour later in life. A pooled analysis estimated that total sedentary 
time increases by 21 min/day per year on average in youth, suggesting that young 
people with high levels of sedentary time are likely to retain high sedentary time as 
they grow older [161]. 

A diverse set of sedentary behaviours increase throughout childhood and adoles-
cence, as active play time is replaced by sedentary screen time, a sociocultural trend 
that may further increase sedentary time in many countries. Increases in sedentary 
behaviours also reduce time for physical activity in children and adolescents but also 
in adults and older adults, and efforts to maintain physical activity levels remain 
paramount. 

For older adults, high rates of sedentary behaviour are attributable to the domestic 
setting, television watching and comorbidity. Device-based assessment is again 
substantially higher than self-report sitting, with estimates from Denmark and the 
USA ranging from 9.9 to 10.9 h/day of sitting time. 

During recent years it seems that rates of sedentary behaviour remain stable in 
high-income countries. However, specifically during 2020 and 2021, the COVID-19 
epidemic was associated with reduced overall physical activity in the population, 
particularly among already inactive populations, and likely increased sedentary 
behaviour time for both adults and children [162, 163]. Even though people were 
allowed out for an hour per day in some countries during lockdown periods of 
COVID-19 epidemic cases, commuting was reduced due to changed working 
conditions, and total and much incidental physical activity were reduced and 
replaced by housebound increased sitting time [164]. Despite the recognised mental



and physical health benefits of being active during the pandemic, and to reduce 
COVID-19 infection severity [165], we still have little knowledge of the conse-
quences of increased sedentary behaviour due to the COVID-19 pandemic. 
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Many of risk factors correlates with sedentary behaviour in some domains only 
(such as TV time) and may be simply associations, as the true relationships may be 
bidirectional [119, 166]. Also, the aspect of the ‘sitting-obesity’ relationship is 
challenged by research predominantly from cross-sectional studies [117]. An inter-
esting observation was seen in a longitudinal study regarding prolonged sitting in 
cars in which daily car commuters had an increase in weight gain of around 0.2 kg 
per year compared to those not engaged in lengthy car commutes or not travelling to 
work [167]. Also, the co-existence of risk factors underlines the complexity and 
synergistic clustering risk in some sedentary segments which need to be further 
explored in future surveillance studies. 

In terms of epidemiologic risk, the synergistic combination of ‘high sitting and 
low physical activity’ may be of particular concern. In recent years, the epidemio-
logic evidence has started to change, suggesting that much of the risk of sedentary 
time can be offset by high levels of physical activity, both for all-cause mortality and 
for cardiovascular and cancer risk [2, 10]. Few surveillance system assess this, but in 
a study of over 30 European countries monitored over time through the 
Eurobarometer surveys, rates of ‘high sitting-low activity’ did not change between 
2005 and 2017 [9]; in 91 estimates from European countries across 3 time points, the 
median prevalence of ‘high sitting-low active’ group was 8.4% (interquartile range 
7.1, 10.6); that is a small population segment but is at substantial risk, and it may 
worthwhile to monitor this combined attribute in ongoing surveillance systems. 

The factors associated with sedentary behaviours are somewhat different to those 
associated with physical activity. In particular, high education and full-time employ-
ment are associated with higher work-related sedentary behaviour, and in these 
groups, physical activity shows the inverse pattern. Nonetheless, some sedentary 
behaviour settings, such as TV time at home, are inversely related to socioeconomic 
characteristics for both adults and adolescents. For children, gender, socioeconomic 
position and environmental correlates are different across sub-groups. Some corre-
lates are modifiable and therefore of policy relevance, such as parental rules about 
screen time and having TVs and other screen-based devices in the child’s bedroom. 
Overall, the research that has produced many correlate studies that are limited by 
cross-sectional research designs and longitudinal research will better clarify which 
factors are more likely to show a causal relationship to sedentary behaviour in adults 
and children. 

In conclusion, sedentary behaviours are pervasive, especially in the most affluent 
countries, and need careful measurement and monitoring and better understanding 
and sub-group identification in the population. The published prevalence studies 
primarily focus on duration of sedentary behaviour, while knowledge about different 
domains and prolonged bouts of sedentary behaviour is needed. Given the high 
proportions of the waking day that is spent in different domains of sedentary 
behaviour, this area merits greater research attention.
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Chapter 3 
Measurement of Sedentary Behaviour 
in Population Studies 

Barbara Ainsworth, Fabien Rivière, and Alberto Florez-Pregonero 

Abstract Measurement of sedentary behaviours in surveillance systems and in 
population studies involves the use of subjective and objective methods. Subjective 
methods have traditionally included questionnaires to provide a snapshot of seden-
tary behaviours and to quantify the time spent in sedentary behaviours as categorised 
by energy expenditure and posture. New horizons for subjective methodologies 
include smartphone applications that allow measurement of the facets and subcate-
gories of the Consensus Taxonomy of Sedentary Behaviours. Objective methods 
have used pedometers to determine the proportion of the populations with <5000 
steps/day as defined by the step-defined Sedentary Behaviour Index and accelerom-
eters to determine the time spent in sedentary behaviours defined as <100 acceler-
ation counts per minute. New horizons for objective methodologies include 
integrated motion and posture sensors to assess time spent in metabolic intensities 
≤1.5 metabolic equivalents (METs) and sitting or reclining postures. Innovative 
ways to score accelerometer outputs to allow pattern recognition of types of seden-
tary behaviours also are on the horizon. Selection of a sedentary measurement 
method should include considerations of the validity, reliability and responsiveness 
of a method to reduce measurement error. Methods also should be selected that allow 
evaluation of Hill’s Criteria for Causality to advance the understanding of the effects 
of sedentary behaviours on health outcomes. 
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What Is New?
• Several systematic reviews and meta-analyses have summarised the valid-

ity and reliability of sedentary behaviour assessment [1–3].
• For valid and reliable assessment of self-reported sedentary behaviours in 

adults, logs, diaries and ecological momentary assessment methods are 
recommended. In large-scale population health studies, simple one-item 
questionnaires focusing on a specific domain of sedentary behaviours may 
be preferable to elaborate questionnaires [1].

• If the use of multi-item questionnaires is feasible in population health 
studies, the different modes of sedentary behaviours should be 
considered [2].

• Device-based assessment of sedentary behaviours should include informa-
tion on the total wear time, total sedentary time and number and length of 
bouts [4, 5]. 

3.1 Relevance of Accurate Exposure Assessment 

When measuring sedentary behaviours as an exposure in epidemiologic studies, 
investigators must consider which assessment method is best able to assess the 
frequency, duration and volume of the exposure while minimising bias. Epidemio-
logic studies have traditionally relied on subjective methods to measure sedentary 
behaviours (e.g. job classification and questionnaires), whereas more recent studies 
have used questionnaires and objective methods (e.g. motion sensors). The rationale 
for using objective measures to measure sedentary behaviours is to reduce the 
potential for bias due to measurement error in the exposure. 

Measurement errors may be systematic (differential) or random 
(non-differential). Systematic or differential errors are often related to questionnaires 
or monitors used to measure sedentary behaviours, whereas non-differential errors 
are often related to other factors. Questionnaires are prone to systematic errors 
through an incorrect classification of sedentary behaviours or an inability of respon-
dents to estimate their frequency and duration of sedentary behaviours performed. 
These errors are often referred to as information or misclassification bias and may 
cause an overestimate or an underestimate of true associations between exposures 
and outcomes. On the other hand, random or non-differential error may occur if all 
respondents are subject to the same source of error. This error could arise if 
pedometers vary in their ability to record steps or if an interviewer transposes values 
when recording data. Non-differential errors can result in an underestimate of the 
true strength of an association between the exposure and the outcome; however, 
statistical procedures often can adjust for the errors. Sources of error can be 
minimised by standardising testing conditions to avoid participant fatigue, enhance 
motivation to recall information and by using a questionnaire administration style 
that fits the respondent.
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To advance the understanding of causality between sedentary behaviours and 
health outcomes, the ideal measurement method would have the capacity to aid in 
satisfying Sir Bradford Hill’s criteria for causality [6]. For example, to identify dose 
response, a sedentary behaviour measure should be able to identify three or more 
levels of some indicator of sedentariness (e.g. watching television <2 h/day, 2–4 h/  
day, >4 h/day). For a basic description of the Bradford Hill criteria, please refer to 
Chap. 4. The measure also should have sufficient psychometric properties of valid-
ity, reliability and responsiveness to compute the strength of the association between 
the sedentary behaviours measure and the outcome. Further, measures should reflect 
the construct of sedentary behaviours to enhance comparison of studies when 
evaluating consistency of results. 

3.1.1 Psychometric Properties 

Knowing the psychometric properties of a questionnaire is essential to know how to 
use it and to interpret the results. Psychometric properties of a questionnaire refer to 
the validity, reliability and the responsiveness of the questionnaire [7]. 

Validity 
A questionnaire is valid if it measures what it purports to measure. Validity has 
several forms that relate to questionnaires and objective monitors. Logical or face 
validity refers to types of information one seeks to identify in a straightforward 
manner, such as asking a respondent if they mostly sit, stand or walk at work. 
Cognitive interviews are commonly performed to ensure the face validity. Content 
validity is the degree to which the content of the questionnaire is relevant to the 
measurement of the construct it is supposed to measure. It is determined by the 
amount and quality of information supplied to assess a behavioural domain of 
interest. If one is interested in identifying the frequency and duration of total sitting 
during a day with a questionnaire, items would need to address sitting during 
transportation, work, during leisure time and in other relevant areas. Otherwise, a 
single-item question may be suited to assess time spent in a single activity domain 
[1]. To address the content validity, the questionnaire is usually reviewed by a group 
of experts, which agree that the questionnaire includes all the relevant questions 
required to measure the construct of interest. On the other hand, construct validity 
relates to how well an assessment methods fits into a construct of interest. Ideally, for 
sedentary behaviours, construct validity would be obtained by comparing sedentary 
behaviours questionnaires with a gold standard. As there is no such gold standard for 
sedentary behaviours, direct observation or objective monitors are considered to be 
good options. Assuming the construct of sedentary behaviours is defined as waking 
behaviours characterised by an energy expenditure of ≤1.5 metabolic equivalents 
(METs) while in a sitting or reclining posture, then an objective assessment method 
would need to capture all movements ≤1.5 METs, including all reclining and sitting 
activities [8]. Similarly, a questionnaire would need to have a sufficient number of



items to reflect relevant behaviours ≤1.5 METs within the construct of sedentary 
behaviours. Most often, investigators are examining criterion validity when they 
want to know if an assessment method is measuring what it is supposed to measure 
or if the sedentary behaviours assessment can predict desired outcomes. Concurrent 
validity is a type of criterion validity that compares scores from one assessment 
method with another. It is common for investigators to compare questionnaires with 
objective monitors and other validated questionnaires. Predictive validity often is 
used in epidemiologic studies to identify the ability of an assessment method to 
classify dose-response relations in a health outcome or determine relative risks. A 
good example of predictive validity is in the Nurses’ Health Study where a ques-
tionnaire assessment of sedentary behaviours showed that for each 2 h per day 
increment in television watching, the risk for obesity increased by 17% to 30%, 
and the risk for diabetes increased by 5% to 23% [9]. 
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Reliability 
Reliability refers to the capacity of a questionnaire to obtain consistent results for 
repeated measurements. It ensures that the questionnaire is free from measurement 
errors. A common way to measure reliability is to administer a questionnaire or have 
individuals wear an objective measure 1 week or 1 month apart. Correlations 
between the two measures with r > 0.70 are deemed to have high reliability. 
Referred to also as consistency, reliability is important for use in multi-year cohort 
studies to determine the influence of sedentary behaviours on health outcomes. 
Clinical studies also rely on having reliable sedentary behaviour assessment methods 
to determine the effects of an intervention on behavioural and health outcomes. 
Failure to establish high reliability of an assessment method produces systematic 
errors that negate the validity of the method. 

Responsiveness 
Responsiveness is the capacity of a questionnaire to detect change over time in the 
scores of respondents. It is of prime interest in intervention studies where the aim is 
to modify sedentary behaviours. Responsiveness can be assessed by comparing the 
change in a sedentary behaviours score obtained from the questionnaire with direct 
observation or objective monitors. Responsiveness studies usually are performed 
prior to a questionnaire or objective monitor being used in surveillance system or 
population studies. 

3.1.2 Conforming to a Consensus Taxonomy of Sedentary 
Behaviours 

In 2013, Chastin et al. presented a taxonomy of sedentary behaviours that was 
developed in collaboration with others and named the Sedentary behaviour Interna-
tional Taxonomy (SIT) project [10]. The taxonomy was developed to establish a 
system to classify categories, facets and sub-domains of sedentary behaviours for use



in surveillance and research settings. Under the construct of sedentary behaviours, 
facets (and sub-domains of the facets) of the taxonomy include purpose of the 
behaviour (e.g. work, education, transport, etc.), environment (e.g. location, physical 
and social factors), posture (i.e. sitting, reclining), social setting (i.e. behaviours 
performed alone or with others), type of measurement (i.e. subjective or objective 
measurement method), associated behaviours (e.g. concurrent behaviours such as 
snacking, smoking or drinking), state (e.g. one’s functional or psychological state), 
time (i.e. time of day or year) and type (i.e. screen-based or not screen-based). The 
taxonomy is useful in evaluating the ability of subjective and objective measurement 
tools to provide a comprehensive assessment of sedentary behaviours. As an 
established taxonomy, instruments used to assess sedentary behaviours may reflect 
one or more of the facets, but it is unlikely that a single instrument measures all 
facets. 
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3.2 Subjective Methods of Sedentary Behaviour 
Measurement 

Subjective methods that exist to measure sedentary behaviours include question-
naires, ecological momentary assessment (EMA) and sedentary behaviour logs. 
Most surveillance systems and population research studies historically have used 
questionnaires. Questionnaires are a subjective assessment method composed of a 
number of selected items intended to standardise the collection of specific informa-
tion about facts or opinions of a person. Due to their low cost and ease of use, 
questionnaires are the most frequently used instruments to measure sedentary 
behaviours. Two types of questionnaires exist that can be differentiated and used 
for different purposes: global questionnaires and quantitative recall questionnaires. 
Questionnaires often are tailored for use by settings (e.g. surveillance, population 
studies and intervention studies) and by the types of information obtained 
(e.g. global impressions of sedentary behaviours and quantification of sedentary 
behaviours in specific behaviours). Logs are checklists of behaviours or character-
istics of behaviours (e.g. intensity of an activity) that can be recorded throughout 
specific periods of the day to provide an estimate of the time spent in sedentary 
behaviours and an energy expenditure of daily physical activities [11]. With 
advancements in smartphone technology, EMA methods have become more feasible 
in population settings. EMA involves repeated sampling of a person’s behaviour to 
include many of the facets of the Consensus Taxonomy of Sedentary Behaviours: 
purpose, environment, posture, social setting, associated behaviours and types of 
sedentary behaviours performed throughout a period of time [12]. Since EMA and 
logs are not feasible for use in surveillance settings and population studies at the 
current time, the focus of this section will be on questionnaires.



86 B. Ainsworth et al.

3.2.1 Types of Questionnaires 

Global Questionnaires 
Global questionnaires aim to provide a general categorisation of an individual’s 
sedentary behaviour level. They are short (1–3 items) and designed for use in 
population health surveys or studies where questions are limited by space con-
straints. Many countries have a module measuring sedentary behaviour in their 
national surveillance surveys to support the development of policies promoting 
physical activity and preventing sedentary lifestyles. Responses can require a 
respondent to select a category, such as the hours spent watching television per 
week (0, 1–3, or > 3 h/week); provide a binary response to a question such as ‘Do 
you sit at work for more than 5 h per day?’ (yes, no); or give an estimate of the hours 
one performs a behaviour (How many hours do you watch television per day?). An 
example of a global questionnaire is in the 2014 Eurobarometer survey. Here a 
single-item question assessed sitting time in 27,919 respondents from the 28 
European Member States [11]. Respondents were asked about the time they spent 
sitting on a usual day, including time spent at a desk, visiting friends, studying or 
watching television. On a usual day, about two-thirds (69%) of respondents spent 
between 2.5 and 8.5 h sitting (an increase of 5% as compared with 2002), while 11% 
sat for more than 8.5 h and 17% for 2.5 h or less [12]. Various epidemiologic cohort 
studies also have used global questionnaires to assess sedentary behaviours as an 
exposure for health outcomes. In the European Prospective Investigation into Cancer 
and Nutrition (EPIC)-Potsdam Study on television viewing time and incident dia-
betes, sitting time was measured by the average hours per day watching television 
during the past 12 months. Among the 23,855 participants, those who watched 
television >4 h per day had a 1.63 (95% CI, 1.17–2.27) increased risk of developing 
diabetes as compared with participants who watched television <1.0 h per day 
[13]. The advantages of using global questionnaires to assess sedentary behaviours 
are that they are short, simple and easy for respondents to answer. A disadvantage is 
that they provide only limited information about a behaviour that may increase 
chances for misclassification. 

Quantitative Recall Questionnaires 
Quantitative recall questionnaires are designed to obtain the frequency, duration, 
mode and types of sedentary behaviours. The questionnaires purport to characterise 
the patterns of sedentary behaviours during specific periods of the day or week. They 
range in length from as few as 5 items that capture details about a specific behaviour 
to a detailed list with 68 items that capture detailed information about many 
sedentary behaviours. Examples of two popular questionnaires are the Sedentary 
Behaviour Questionnaire (SBQ) and the Last 7-Day Sedentary Time Questionnaire 
(SIT-Q-7d). The SBQ is a relatively short, self-administered instrument, with nine 
items designed to assess time spent sitting at home and at work (television, computer 
games, sitting activities, office/paper work, reading, playing musical instruments, 
arts and crafts, driving a car). It has been used in randomised controlled trials and a 
prospective study [14] investigating change in weight and health behaviours during



the transition from high school to college/university in 291 students. The prospective 
study found a decrease in some sedentary behaviours (television (TV)/digital video 
disk (DVD) viewing, playing computer games) and an increase in other sedentary 
behaviours (Internet use, time spent studying). The SIT-Q-7d is a comprehensive 
recall of 68 items designed to measure the time spent in different sedentary activities 
for work, transportation, domestic, education, social eating and caregiving behav-
iours, during both a weekday and a weekend day. The SIT-Q-7d has been used in a 
recent 1-year follow-up study with 301 adults to examine the relationships of 
intrapersonal, social-cognitive and physical environmental variables with context-
specific sitting time [15]. The study revealed different correlates of the variables 
studied depending on the sedentary behaviours, highlighting the interest of using 
such a questionnaire. 
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3.2.2 Characteristics of Sedentary Behaviour Questionnaires 

A growing number of sedentary behaviour questionnaires with acceptable validity 
and reliability are currently available (see Tables 3.1 and 3.2). The questionnaires 
differ in their mode of administration, content (including facets of the sedentary 
behaviour taxonomy) and psychometric properties as described below. These char-
acteristics should be considered when selecting a questionnaire to assess sedentary 
behaviours. 

Mode of Administration 
The administration style for sedentary behaviour questionnaires may differ for 
self-administered (paper or computer forms) and for interviewer-administered 
(face-to-face or telephone interview) modes. In adults, most sedentary behaviour 
questionnaires used in epidemiologic studies are self-reported. This differs from 
surveillance system questionnaires which are often interviewer-administered 
[28]. Proxy-reported responses may be used for children and for persons with 
intellectual disabilities due to their limited cognitive capacity. While proxy 
responses may restrain the accuracy of the recall, proxy reports from parents, 
relatives or professional healthcare workers are likely to provide the most accurate 
responses [29]. The mode of administration also may impact the cost of the study 
and the responses provided by respondents [30]. 

Content of Sedentary Behaviour Questionnaires 
Depending on the population and purpose of the study, questionnaires focus on the 
characteristics of sedentary behaviours of interest and the types of information 
sought, such as the frequency and duration of selected behaviours and interruptions 
in sedentary behaviours. The desired recall frame for sedentary behaviours also must 
fit the study needs. The reader is referred to Ainsworth et al. [31] for a discussion of 
the factors to consider when selecting a questionnaire for use in physical activity and 
sedentary behaviour research.
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Name Criterion measure Coefficient Coefficient

(continued)
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Table 3.2 Measurement qualities of a sample of sedentary behaviour questionnaires 

Validity Reliability 

Test-
retest 
recall 
frame 

International 
Physical Activ-
ity Question-
naire Short 
Form [16, 17] 

ActiGraph CSA 7164 
worn for 7 days 

Spearman’s 
r = 0.34a 

3 to  
7 days 

Spearman’s 
r = 0.81a 

Workplace Sit-
ting Time 
Questionnaire 
[18] 

ActiGraph GT1M 
worn for 7 days 

Total sitting time 
Spearman’s r = 0.29 
95% CI (0.22, 0.53) 
Breaks in sitting 
Pearson’s r = 0.26 
95% CI (0.11, 0.44) 

Not 
measured 

Not measured 

Self-Reported 
Sedentary Time 
Questionnaire 
[19] 

ActiGraph GT1M 
worn for 7 days 

Total sitting time 
Spearman’s r = 0.30 
95% CI (0.02, 0.54) 

1 week Spearman’s 
r = 0.56 
95% CIb (0.33, 
0.73) 

Past-Day 
Adults Seden-
tary Time 
Questionnaire 
[20] 

activPAL® version 
3 and ActiGraph 
GT3X+ worn for 
7 days, counts <100 

activPAL® total 
Pearson’s r = 0.58 
95% CI (0.40, 0.72) 
ActiGraph <100 cts 
Pearson’ r = 0.51 
95% CI (0.29, 0.68) 

6 months ICC = 0.50 
95% CI (0.32, 
0.64) 

Sedentary 
Behavior Ques-
tionnaire [21] 

ActiGraph 7164 worn 
for 7 days, counts 
<100 
IPAQ total sitting time 

ActiGraph <100 cts 
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) 

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

Sedentary Time 
and Activity 
Reporting 
Questionnaire 
[22] 

Not reported Not reported 3 months Sedentary time 
ICC = 0.53 
95% CI (0.37, 
0.66) 

Multicontext 
Sitting Time 
Questionnaire 
[23] 

ActiGraph GT1M 
worn on a workday and 
a non-workday 

Pearson’s r = 0.61, 
p = 0.01 on 
non-workdays and 
r = 0.34, p = 0.13 
on workdays 

1 week Total sitting on 
non-workdays 
and workdays 
ICC = 0.72 and 
0.76 

Recent Physical 
Activity Ques-
tionnaire 
[24, 25] 

Actiheart, CamNtech 
Ltd, Cambridge, 
UK, worn a minimum 
of 4 days 

Spearman’s correla-
tion r = 0.21 and 
r = 0.18 in women 

2 weeks Sedentary time 
ICC = 0.76, 
p < 0.001



Name Criterion measure Coefficient

and men (both
p < 0.001)
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Table 3.2 (continued)

Validity Reliability 

Test-
retest 
recall 
frame Coefficient 

Last 7-Day 
Sedentary Time 
Questionnaire 
[26] 

ActivPAL worn on 
7 days (Dutch-
speaking population-
DsP) or Actiheart for 
6 days and nights 
(English-speaking 
population-EsP) 

Spearman’s correla-
tion r = 0.52 (DsP) 
and r = 0.22 (EsP) 
( p < 0.001) 

3 weeks Total sedentary 
time 
ICC = 0.68 
95% CI (0.50, 
0.81) (DsP) and 
ICC = 0.53 
95% CI (0.44, 
0.62) (EsP) 

Older adults’ 
reporting of 
specific seden-
tary behaviours 
[27] 

ActiGraph GT3X+ 
worn 7 consecutive 
days 

Spearman’s correla-
tion r = 0.30 
( p < 0.001) 

10 days Total sitting 
time 
ICC = 0.77 
95% CI (0.57, 
0.89) 

a Standard deviation or confidence interval not reported 
b CI = confidence interval 

Characteristics or Domains of Sedentary Behaviours 
Considering which characteristics or types of sedentary behaviours to be measured is 
a first step in the process of selecting a questionnaire. Most sedentary behaviour 
questionnaires measure sitting time spent watching television during a day. Others 
also assess sedentary modes of transport, time spent being sedentary at work and 
engagement in sedentary leisure-time pursuits. Very few questionnaires measure 
sedentary behaviours related to cooking, household chores or the associated seden-
tary behaviours such as snacking while doing a sedentary behaviour [32]. Table 3.3 
presents the types of data available for subjective measurement methods as they 
conform to the Consensus Taxonomy of Sedentary Behaviours. 

Recall Frame 
The recall frame relates to the number of hours, days or weeks one recalls a 
behaviour in the past. Most quantitative recall questionnaires ask respondents to 
recall 1 week or 1 or more days in the past. Relatively short recall frames are used to 
enhance the recall of details about sedentary behaviours. More accurate recall 
increases the reliability and validity of the questionnaire. Alternatively, long recall 
frames (1 month, 1 year) are often used with a questionnaire that is designed to 
measure usual patterns of sedentary behaviours. Because long recall frames have 
high cognitive demands and specific details about one’s behaviour are difficult to 
recall, questionnaires that query sedentary behaviours during the past year or over a 
lifetime have a high potential for information bias [31].
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Table 3.3 MET values for sedentary behaviours classified by posture from the 2011 Compendium 
of Physical Activities [33] 

Posture 

Reclining METs Sitting METs 

Inactivity Lying quietly and watching 
television 

1.0 Sitting quietly and watching 
television 

1.3 

Writing 1.3 Sitting quietly, general 1.3 

Lying quietly, doing nothing, 
lying in bed awake, listening 
to music (not talking/reading) 

1.3 Sitting quietly, fidgeting, 
fidgeting hands 

1.5 

Talking or talking on the 
phone 

1.3 Sitting smoking 1.3 

Reading 1.3 Sitting at a desk, resting 
head in hands 

1.5 

Meditating 1.0 Meditating 1.0 

Sitting, listening to music 
(not talking or reading) or 
watching a movie in a 
theatre 

1.3 

Conditioning Whirlpool 1.3 

Home activity Reclining with baby 1.5 

Knitting, sewing, wrapping 
presents, sitting 

1.3 

Miscellaneous Card playing, chess game, 
board games, traditional 
video game, computer game 

1.5 

Reading book or newspaper, 
etc. 

1.3 

Writing, desk work, typing 1.3 

Talking in person, on the 
phone, computer, or text 
messaging 

1.5 

Studying, including reading 
and/or writing 

1.5 

Spectator at a sporting event 1.5 

Occupation Police, riding in a squad car 1.3 

Light office work, general 1.5 

Meetings, talking, eating 1.5 

Typing, computer, electric, 
manual 

1.3 

Self-care Eating 1.5 

Bathing 1.5 

Taking medication 1.5 

Having hair or nails done by 
someone else 

1.3 

Sexual 
activity 

Kissing and hugging 1.3 Kissing and hugging 1.3
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Table 3.3 (continued)

Posture 

Reclining METs Sitting METs 

Transport Riding in car, truck, on a 
bus, train or plane 

1.3 

Religious Kneeling in church or at 
home, praying 

1.3 

Water 
activities 

Boating, power, passenger 1.3 

Frequency of a Behaviour 
Frequency refers to the number of times one performs a behaviour over a specific 
period (e.g. days/week, weeks/month and months/year). The most common fre-
quency is the number of days per week the respondent engages in sedentary 
behaviours. 

Duration of a Behaviour 
Duration refers to the hours or minutes spent in a sedentary behaviour. Most 
questionnaires ask about the duration per day spent in sedentary behaviours. 
Depending on the questionnaire, the duration may be recalled as a continuous 
variable that queries hours and minutes or as a discrete variable that has respondents 
select from a 1–5 numbered responses to represent different periods of time. 

Interruption 
Interruption refers to the number of breaks in sedentary time during a prolonged 
sedentary bout. This might be the number of times one gets up from his or her desk 
while working or standing breaks taken while travelling distances in a car or train. 

Scoring Sedentary Behaviour Questionnaires 
Recall questionnaires require calculation of a summary score to reflect time spent in 
sedentary behaviours. The summary units usually include hours and minutes per 
day, hours and minutes per week or a combination of the time spent in sedentary 
behaviours and the intensity score in METs. A MET refers to the metabolic 
equivalent of an activity and is defined as the ratio of the activity metabolic rate in 
millilitres per kilogram body weight per minute (ml. kg-1. min-1 ) divided by the 
resting metabolic rate in ml. kg-1. min-1 . For simplicity, the standard MET uses a 
resting metabolic rate of 3.5 ml. kg-1. min-1 to compute MET values. Sedentary 
behaviours range from 1.0 to 1.5 METs and differ by posture and types of activities 
performed. Multiplication of a MET intensity by the time spent in sedentary behav-
iours can be expressed as MET-minutes or MET-hours. Because the range of MET 
values for sedentary behaviours is so narrow, few sedentary behaviour question-
naires have summary scores expressed as MET-minutes or MET-hours; instead most 
questionnaires sum the frequency and duration of sedentary behaviours as minutes 
and hours per day or as minutes and hours per week. Table 3.3 provides an example 
of the MET values for selected sedentary behaviours [16].
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Overall, questionnaires are easy to use and give useful information to characterise 
sedentary behaviours. It should be noted, however, that for most questionnaires 
available, the psychometric properties and quality of the validation studies are 
limited. While the perfect questionnaire will never exist, investigators are encour-
aged not to develop a new questionnaire for every new setting as existing question-
naires are available to measure sedentary behaviours. That said, one should take care 
to use a questionnaire that fits best the purpose of the study with the characteristics 
mentioned above taken into consideration. 

3.3 Objective Methods of Sedentary Behaviour 
Measurement 

Objective methods used to assess sedentary behaviours include pedometers, accel-
erometers/inclinometers (for motion and posture), physiological sensors, direct 
observation and context awareness (using cameras and GPS). This discussion will 
focus on pedometers and accelerometers/inclinometers as they are suitable for use in 
surveillance and population studies. Collectively, pedometers and accelerometers 
are referred to as activity monitors. Monitors are small portable electronic devices 
that measure and record specific physiological or physical signals that are used to 
estimate physical activity and sedentary behaviour parameters. Older generations of 
monitors included spring-loaded pedometers and accelerometers without the capac-
ity to download data. Modern generations now have sophisticated electronic sensors 
that can assess movement in multiple planes, assess physiologic and environmental 
parameters and store data for months with easy downloading to a computer. These 
newer features allow investigators to integrate motion, physiological and contextual 
information in the study of sedentary behaviours [34]. Table 3.4 presents the types of 
data available for objective measurement methods as they conform to the Consensus 
Taxonomy of Sedentary Behaviours. Monitors are being used with greater frequency 
in surveillance [35–37] and epidemiologic [38–41] settings to quantify physical 
activity and sedentary behaviours. Two approaches (single-unit and multi-unit) to 
using activity monitors can be used to estimate time spent in sedentary behaviours. 
With single-unit approaches, individuals wear only one monitor at some location on 
their body. Pedometers and accelerometers are the most common monitors used for 
single-unit estimates of sedentary behaviours. Data from a single-unit approach 
includes steps, hours or minutes per day spent in sedentary behaviours. Most 
surveillance and epidemiologic studies use a single-unit approach because it is 
easy for study participants to wear only one monitor and the scoring methods used 
to determine the sedentary behaviour score are relatively easy to compute. 

Multi-unit approaches are used in settings that aim to identify patterns of behav-
iour (behavioural recognition) to assess multiple types of information (e.g. body 
position, physiologic data and context of the behaviour) [42]. For example, the 
activPAL has demonstrated high accuracy for estimating sitting, standing and
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stepping time; however, it does not discriminate between sitting and lying postures 
because its location on the thigh is horizontal in both postures. New approaches have 
placed a second activPAL on the torso allowing accurate detection of seated versus 
lying postures [43]. Another example of a multi-unit approach is pairing the 
activPAL with a time lapse camera (Vicon Revue™ formerly known as SenseCam) 
used to obtain information about sedentary behaviour and the context where the 
activity is performed [44]. This latter approach may be useful for surveillance 
settings if information about the location and purpose of behaviours are desirable 
[45]. Since most surveillance and epidemiologic studies use accelerometers and/or 
pedometers, this discussion will focus on single-unit approaches.
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3.3.1 Pedometers 

Pedometers are low-cost, battery-operated digital step counters that have gained 
popularity in surveillance and population study settings [46–50]. Pedometers gen-
erally are worn at the waist or wrist; however, some models can be worn in the 
pocket or on a chain around the neck. In pedometers manufactured prior to 2000 
(e.g. Yamax Digiwalker SW2000), step counts were triggered by vertical accelera-
tions that cause a horizontal spring-suspended level arm circuit. Later models 
included a horizontal cantilevered beam with a weight on the end which compresses 
a piezo-electric crystal when subjected to acceleration. Several studies have shown 
variation in accuracy of these older models in counting steps in free-living 
populations and in older adults [51–54]. A major drawback of most of the early 
pedometer models is that they lacked the ability to store data nor did they have the 
capacity for downloading steps into a computer database. Such features limited their 
use in population settings. Most of the newer model pedometers are sold commer-
cially (e.g. Fitbit, Omron, Striiv, Garmin, Jawbone, Polar, Nike and integration in 
smart phones) and have varied features that increase their utility for use in population 
studies. Newer pedometers use microelectromechanical system (MEMS) inertial 
sensors that can detect acceleration in 1-, 2- or 3-axes. This permits more accurate 
detection of steps and fewer false positives than older models. Depending on the 
model, pedometers now use sophisticated, proprietary software that allows users to 
store steps for nearly 30 days and download data using Bluetooth® technology to 
sync with computers and smartphones. In an evaluation of newer model commercial 
pedometers worn on the hip (Realalt 3DTriSport, Omron HJ-720 ITC) and the wrist 
(Apple Watch SE, Fitbit Versa 3, Fitbit Inspire 3), Nelson et al. [55] observed that all 
pedometers estimated energy expenditure during sedentary behaviours within 8% of 
measured oxygen uptake. All waist-worn pedometers recorded zero steps during 
sedentary behaviours, and wrist-worn pedometers recorded a small number of steps 
associated with moving the arms. While waist-worn pedometers may provide a more 
accurate assessment of sedentary behaviours, the trade-off of small errors associated 
with wrist-worn pedometers should be considered in relation to compliance for 
wearing the monitor during daily activities.
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In a series of publications, Tudor-Locke identified step cut-points that are asso-
ciated with meeting physical activity recommendations [56–58], adverse health 
outcomes [59] and overweight and obesity [60, 61]. In 2013, Tudor-Locke and 
colleagues [62] identified a Step-Defined Sedentary Lifestyle Index of <5000 steps/ 
day. This is characteristic of one who moves very little and spends more accumu-
lated time in sedentary behaviours. Readers are referred to Tudor-Locke et al. [62] 
for a detailed explanation of the research leading to the recommendation of the Step-
Defined Sedentary Lifestyle Index. 

Benefits of using pedometers for surveillance and population studies of sedentary 
behaviours are that the instruments are relatively inexpensive depending on the 
features included in the pedometer and that they are easy for participants to wear 
and for staff to interpret. However, if the step-count data can be viewed by the 
participant, merely wearing the monitor may serve as a motivational device to 
increase steps taken. 

3.3.2 Accelerometers/Inclinometers 

Accelerometers are small, battery-operated electronic motion sensors that measure 
the rate and magnitude of displacement of the body’s centre of mass during move-
ment [58]. The placement of accelerometers varies with the brand and model. Most 
are worn on the waist, wrist or upper arm. Types of accelerometers include uniaxial 
models that detect movement in the vertical plane and tri-axial models that detect 
movement in the vertical and horizontal planes. The value of tri-axial models is that 
movements in a vertical plane (standing, slow walking) and horizontal plane (mov-
ing up an incline) can be assessed, whereas uniaxial accelerometers are unable to 
detect the added energy cost of such activities. The most common type of acceler-
ometers used to assess movement and sedentary behaviours in population-based 
settings is the ActiGraph (ActiGraph LLC, Pensacola, FL, USA). As an example, the 
ActiGraph accelerometer was first marketed in the 1990s under the name Computer 
Science Applications (CSA). This early uniaxial accelerometer detected movement 
intensity, duration and steps taken but had limited battery life and memory to store 
data. With advances in technology, the ActiGraph in use today uses a 
microelectromechanical system tri-axial accelerometer (wGT3X-BT and ActiGraph 
GT9X Link) with a 14–25-day battery life and memory capable of storing raw 
movement data for 240 days. The ambulatory data are sampled at a user-specified 
rate up to 100 Hertz that can be aggregated and stored in epochs (sampling intervals) 
as frequent as 1 s or longer. Objective measures include raw acceleration of 
movement (G’s), sedentary and activity bouts, body position, steps taken, activity 
counts, energy expenditure, sleep metrics and heart rate R-R intervals that can be 
used to assess heart rate. Output data are downloaded using Bluetooth® Smart 
technology, scored using proprietary software and stored in a computer database. 
The ActiGraph uses counts to express movement intensity, with higher counts 
reflecting higher intensities. Examples of count cut-points for sedentary behaviours



sedentary behaviours length of axis site accuracy

are presented in Table 3.5. Adult population-based studies utilising accelerometer-
based activity monitors typically use a 1-min epoch [69] and 100 counts per minute 
as the threshold for sedentary behaviours [66]. 
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Table 3.5 Accelerometer cut-points for sedentary behaviours in adults 

Cut-point value for Epoch 
Activity 
monitor 
used 

Number Placement Precision/ 

Counts = 50 [63] 1 minute ActiGraph One axis 
(vertical) 

Hip Not reported 

Counts = 8 [64] 10 seconds ActiGraph One axis 
(vertical) 

Hip Not reported 

Counts = 77 [65] 1 minute GENEActiv Three 
axes 

Hip AUCa (95% 
CI) = 0.97 
(0.96–0.98) 

Counts = 217 [65] 1 minute GENEActiv Three 
axes 

Left wrist AUCa (95% 
CI) = 0.98 
(0.98–0.99) 

Counts = 386 [65] 1 minute GENEActiv Three 
axes 

Right wrist AUCa (95% 
CI) = 0.98 
(0.97–0.99) 

Counts = 100 [66] 1 minute ActiGraph One axis 
(vertical) 

Not reported 

Counts = 150 [67] 1 minute ActiGraph One axis 
(vertical) 

Hip Biasb = -
0.9 min 
SEc = 7.7 min 

Counts = 500 [68] 1 minute ActiGraph One axis 
(vertical) 

Hip Not reported 

a Area under a ROC curve (AUC) quantifies the overall ability of the monitor to discriminate 
between activities that are sedentary behaviours and those that are not. An AUC value of 1 repre-
sents a perfect test; an area of 0.5 represents a worthless test 
b Bias refers to the extent that each monitor overestimated or underestimated sedentary time 
c SE is the random error that indicates how far the estimate of sedentary minutes randomly fluctuates 
above and below its average value for each person on each day 

In addition to the selection of cut-points, the determination of the time that the 
monitor is worn during the monitoring period of the study is a major analytic 
decision. Population-based studies utilising accelerometer-based activity monitors 
typically monitor the behaviour for 7 days during waking hours. Wearing the 
monitor for at least 4 days/week (including a weekend day) with a minimum wear 
time of 10 h/day are usually required for data analysis [69]. Wear time is determined 
by subtracting non-wear time from total time in the day (wear time in 24 h—minus 
non-wear time). Non-wear time can be estimated by automated processes using 
published algorithms [35, 70] or by asking study participants to fill a log with times 
when they wore or did not wear the accelerometers. 

The ActiGraph was used first for surveillance in the 2003–2004 National Health 
and Nutrition Examination Survey (NHANES) [35]. Nearly 15,000 individuals, 
aged 6 years and older, wore an accelerometer during non-sleeping hours for



7 days with a goal to assess the proportion of the US population meeting physical 
activity recommendations [35]. Using the same data, Matthews et al. [66] reported 
sedentary time in US adults, with older adolescents and adults >60 years spending 
nearly 60% of their waking time in sedentary pursuits. Based on the success of the 
US experience, accelerometers have been used in surveillance systems in multiple 
countries [37, 71]. The NHANES accelerometer data has been used to study 
associations between sedentary behaviours and health outcomes to include the 
metabolic syndrome [72], mobility disabilities [73], type 2 diabetes [74], sleep 
outcomes [75] and diabetic peripheral arterial disease [76] among other outcomes. 
Other studies that have used the ActiGraph accelerometer to assess exposure-
outcome relations include the ten-country International Physical Activity and the 
Environment Network (IPEN) Adult Study [77], Women’s Health Study [39], 
Women’s Health Initiative (WHI), Objective Physical Activity and Cardiovascular 
Health (OPACH) Study, an ancillary study of the WHI 2010–2015 Long Life Study 
[78] and the British Regional Heart Study [79], among others. 
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In addition to the cut-points approach with the ActiGraph, there are other 
accelerometers (activPAL, GENEActiv) that use linear approaches to determine 
time spent in sedentary behaviours. The activPAL® is a uniaxial accelerometer 
worn midline on the anterior aspect of the thigh that measures time in different 
postures (reclining, sitting, standing) and activity (stepping) using proprietary algo-
rithms. While the activPAL® has demonstrated to be a valid and reliable instrument 
to assess sedentary behaviours [67, 80], it has not been used in population-based 
studies. Another accelerometer gaining interest among sedentary behaviour 
researchers is the GENEActiv®. The GENEActiv® is a wrist-worn triaxial acceler-
ometer that estimates a person’s posture using the gravitational component of the 
acceleration signal from the wrist orientation of the monitor [81, 82]. To date, the 
GENEActiv® has not been used in population-based studies. 

Machine learning is an emerging technique used to identify the types of sedentary 
behaviours performed from the movement acceleration data obtained from acceler-
ometers (either a single-unit or multi-unit). The statistical models used with machine 
learning provide activity recognition of the raw acceleration signals to estimate the 
types of movements performed. The machine learning approach to scoring and 
interpreting accelerometer data has shown substantial reductions in the error esti-
mates of measuring sedentary behaviours, especially when multiple monitors are 
used as compared to using counts methods to estimate intensity [83, 84]. However, 
due to the high investigator burden in scoring and interpreting the data, machine 
learning methods have not been used in population studies to identify sedentary 
behaviours. For more details on machine learning, please refer to Chap. 4. 

Many investigators use objective methods in population studies to measure 
sedentary behaviours because they provide data that are free of the systematic errors 
associated with self-report [45]. Accelerometer-based activity monitors have dem-
onstrated feasibility and utility to assess sedentary time in large-scale surveillance 
studies [69], and because the information is time-stamped, it allows the extraction of 
data for specific segments of the day, including differentiating between weekdays 
and weekend days [29]. Further, with suitable techniques, obtaining raw data from



tri-axial accelerometers makes it possible to perform activity recognition 
analyses [85]. 
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While growing in popularity for use in population studies, single-unit methods to 
measure sedentary behaviour have limitations which should be considered. Most 
notably, the management of large volumes of data obtained with objective monitors 
can be a challenge for research staff. Initialising units, assuring participants wear the 
monitors correctly, downloading, cleaning and scoring the data are very time-
consuming. For use in studies of sedentary behaviours, other challenges exist. 
There continues to be a lack of consensus about monitor initialisation, monitoring 
period and the most appropriate data-processing protocol, despite consensus docu-
ments published on this topic [29, 45]. There also is a lack of field standards for 
factors affecting the accuracy of estimations such as the location an accelerometer is 
worn on the body and how it is attached [45]. That said, wrist-worn accelerometers 
are gaining in popularity for objective, long-term measurement of sedentary behav-
iours in free-living environments with minimum obtrusiveness [86]. Another con-
cern is that studies using the cut-point method to determine time spent in sedentary 
behaviours rely on the most commonly used cut-point of 100 counts/minute. How-
ever, this cut-point was not empirically derived [67]. Healy and colleagues [69] note 
that the most accurate cut-point to determine time spent in sedentary behaviours has 
yet to be established. Further, there is an inability to compare accelerometer outputs 
across brands due to manufacturer proprietary algorithms used to process the raw 
data into a score. This can limit the monitors used to a single brand (usually the 
ActiGraph). While the use of the ActiGraph enhances the ability to compare results 
among studies, it also limits comparability among different activity monitors 
[87]. Perhaps one of the greatest limitations of most accelerometers, except the 
activPAL®, is the inability to distinguish between postures of reclining, sitting 
and standing inclusive of most sedentary behaviours [34]. This latter point under-
scores the need to improve activity recognition techniques in the use of accelerom-
eters to assess sedentary behaviours. For more details on the analysis and 
interpretation of sedentary behaviour data, please refer to Chap. 4. 

3.4 New Horizons in Measurement Technology 

In the short term, agreement of the construct of sedentary behaviour will generate 
innovative ways to assess sedentary behaviours. Investigators and research groups 
have introduced definitions for sedentary behaviour which will guide assessment 
methods to assure the instrument has good construct validity. The Sedentary Behav-
iour Research Network defines sedentary behaviour as follows: 

. . .any waking activity characterized by an energy expenditure ≤1.5 metabolic equivalents 
and a sitting or reclining posture. In general, this means that any time a person is sitting or 
lying down, they are engaging in sedentary behaviour. Common sedentary behaviours 
include TV viewing, video game playing, computer use (collective termed “screen time”), 
driving automobiles, and reading. [88]
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This definition calls for the use of questionnaires that classify time spent in sedentary 
behaviours by intensity and postures while performing the activity. Riding a bicycle 
fulfils the notion of a sitting posture; however, the intensity of the behaviour exceeds 
1.5 METs. Likewise, standing quietly is assigned a MET value of 1.3 in the 2011 
Compendium of Physical Activities [33], but the standing posture excludes it from 
being classified as a sedentary behaviour. Thus, investigators will need to asses 
carefully the types of questionnaires they wish to use to comply with the definition of 
sedentary behaviours and develop innovative methods to obtain data using activity 
monitors. 

The use of objective monitors to assess sedentary behaviours will grow in 
popularity as the costs for monitors decrease and the monitors are easier to use. 
Innovative methods will be developed to evaluate data that meet the definition of 
sedentary behaviour. In 2013, Rowlands et al. [82] introduced the concept of the 
sedentary sphere as a new name used to describe the energy cost (≤1.5 METs) and 
postures (sitting and reclining) of sedentary behaviours. On the webpage developed 
by the Leicester-Loughborough Diet, Lifestyle and Physical Activity Biomedical 
Research Unit [33], researchers have provided open-access, custom-built Excel 
spreadsheets to calculate posture using the GENEActiv® accelerometer. Over the 
long term, machine learning techniques will be used more frequently to measure 
time spent in sedentary behaviours as data processing methods simplify scoring 
process and computational power needed to analyse large volumes of raw data are 
more available. Until then, innovative single-unit [81, 82] and multi-unit [43] 
methods will continue to be used to obtain objective measures of sedentary 
behaviours. 

No doubt, the future of physical activity and sedentary behaviour measurement 
will rely on the combination of both subjective and objective methods and on the 
development of connected devices. Smartphone applications (apps) will continue to 
be developed that use sensor-assisted devices to measure sedentary behaviours. 
Dunton et al. [89] have developed a sensor-assisted, context-sensitive ecological 
momentary assessment (CS-EMA) app that allows for self-report of sedentary 
behaviours to record periods of motion, inactivity or no data from the phone. The 
app highlights the power of smartphones to assess movement and sedentary behav-
iours. These permit recording aspects of the Consensus Taxonomy of Sedentary 
Behaviours to include real-time measuring of the type and purpose of activity 
performed, enjoyment and social and physical features of the activity setting. 
Smartphones with built-in inclinometers, GPS and accelerometers that are worn all 
day will provide multiple sources of information about posture, movement- types, 
context of the movement and travel patterns. Smartphones also can be connected 
with other devices such as watches that are able to measure heart rate and movement. 
Accordingly, smartphones likely will be at the centre of technologies to assess 
sedentary behaviours. For more examples of smartphone applications for the assess-
ment of sedentary behaviour, please refer to Chaps. 11, 21, and 23.
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3.5 Summary 

The measurement of sedentary behaviours in surveillance and in population studies 
is a relatively new practice. The definition of sedentary behaviours has matured from 
merely being the opposite of physical activity to a combination of energy expendi-
ture ≤1.5 METs and sitting or reclining postures. Questionnaire and monitor 
methods have been developed to assess sedentary behaviours, some with higher 
validity and reliability than others. The use of a consistent definition and measure-
ment methodologies to assess sedentary behaviours enhances the opportunities to 
compare data from surveillance systems across demographic groups and to conduct 
population studies designed to establish relationships between sedentary behaviour 
exposures and health-related outcomes. 
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Chapter 4 
Analysis and Interpretation of Sedentary 
Behaviour Data 

Weimo Zhu 

Abstract Never before, perhaps due to widely available wearable devices and the 
ubiquity of mobile phones, has it been so easy and convenient to collect physical 
activity and sedentary behaviour data. Yet, the available large and rich data sets do 
not guarantee that the correct information will be generated from them. For example, 
many inappropriate, p-value-based conclusions were made based on the available 
mass data. To address these problems and challenges, this chapter is to help readers 
understand key characteristics of sedentary behaviour data, become aware of com-
mon problems and challenges in analysing sedentary behaviour data, become famil-
iar with methods that could address these problems and challenges, appropriately 
interpret statistical findings and understand the principles to establish causality and 
critical issues remaining in sedentary behaviour research. 

What Is New? 
Since the publication of the first edition of this book in 2017, progress has been 
made in analysing sedentary behaviour data, and at the same time, new 
challenges have emerged:

• Compositional data analysis became routine in analysing sedentary 
behaviour data.

• Machine learning was applied to sedentary behaviour data analysis.
• New statistical procedures, such as testing equating, were introduced to link 

multiple measures to the same scale.
• Because most measurement devices are worn on the wrist, new noise was 

introduced to the sedentary behaviour data, making it challenging to deter-
mine intensity cut points. 
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4.1 Introduction 

After any data have been collected, the next set of questions to a researcher naturally 
will be the following: 

‘How should the data be analysed so that accurate and meaningful information 
can be generated?’

• ‘Can conventional statistical methods, such as correlation, t-test, ANOVA, etc., 
be applied directly to the data?’

• ‘How can the results of the data analysis be correctly and appropriately 
interpreted?’ 

This is especially true in sedentary behaviour research. Therefore, this chapter 
addresses these questions concerning using sedentary behaviour data. After a review 
of the characteristics of sedentary behaviour data, the challenges in analysing 
sedentary behaviour data will be described. Specifically, the limitations of conven-
tional statistical methods in analysing these data and inconsistencies in defining 
sedentary behaviour will be outlined and described. New and appropriate statistical 
methods will then be introduced. Thereafter, some practical suggestions on how to 
analyse and report sedentary behaviour data will be explained. Finally, how to 
establish causality in sedentary behaviour research will be discussed. 

4.2 Sedentary Behaviour 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 character-
istics of sedentary behaviour data? 

One of the features of sedentary behaviour 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 common: proportion of allocated time of a day 
for certain activities, proportion of energy provided by different meals and percent-
ages of students in a class from different geographical areas are just a few examples. 
Physical activity data are compositional data, in which total physical activity, 
depending on how operationally defined, may be seen to consist of light, moderate 
and vigorous physical activity. This same principle also applies to sedentary behav-
iour data, which can be further broken down as TV viewing, reading, computer and 
video game times, etc. Please note that current physical activity research literature 
often considers sedentary behaviour to be on the physical activity continuum. To 
distinguish ‘sedentary behaviour’ from ‘physical activity’, sedentary behaviour was 
intentionally not placed on the physical activity continuum in this chapter. For future



research including sedentary behaviour on such a continuum, the continuum would 
be better called the ‘physical- and sedentary-activity continuum’. 
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Fig. 4.1 Illustration of Cattell’s data box 

According to van den Boogaart and Tolosana-Delgado [1], 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 measure-
ment units, e.g. time, weight, size or the proportion or percentage, which can be 
determined by the component amount divided by the total. Depending on the units of 
interest chosen for the composite measure, the actual portions of the parts in a total 
can vary. For example, percentages of time spent on different types of physical 
activity or sedentary behaviour could be different from the percentages of energy 
spent in different behaviours during the same time period. A portion can be further 
broken down by sub-portions. For example, sedentary behaviour is a proportion of 
the total of the actions performed during waking hours, and it can be further broken 
down into different types of sedentary behaviours, e.g. watching TV, playing video 
games, using a computer, driving and reading. 

The second known characteristic of sedentary behaviour data is that the data are 
often collected, especially for device-derived data, 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 are ordered by time of occurrence. It 
should be pointed out that, although most sedentary data are continuous, they can 
also be discrete, e.g. if a specific behaviour, such as playing video games, occurs in a 
specific time interval. There are two ways to look at time series data from a data 
structure point of view. 

First, according to Cattell’s well-known data box [2, 3], time series data integrate 
three primary dimensions, those of persons, variables (e.g. physical activity and 
sedentary behaviour time) and occasions (see Fig. 4.1), from which at least six 
different structural relationships can be utilised to address specific research ques-
tions: (1) variables over persons, fixed occasion; (2) persons over variables, fixed
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occasion; (3) persons over occasions, fixed variables; (4) occasions over persons, 
fixed variables; (5) variables over occasions, fixed persons; and (6) occasions over 
variables, fixed persons. 
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Second, time series data can also be considered as a multilevel data structure, with 
occasion-related variables at the within-person level and persons’ demographics or 
group membership at the person level [4, 5]. An example may be helpful to explain 
this structure. Below listed are hypothetical time series data with four time points and 
n persons: 

IDj Oi Xij Yij Wj 

x11 y11 w1 

x21 y21 w1 

x31 y31 w1 

x41 y41 w1 

x12 y12 w2 

x22 y22 w2 

x32 y32 w2 

x42 y42 w2 

. . .  

n 0 x1n y1n wn 

n 1 x2n y2n wn 

n 2 x3n y3n wn 

n 3 x4n y4n wn 

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 behaviour), 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 vs. control). Thus, the X and Y 
variables belong to the within-person level variables, and W belongs to the between-
person variables. 

In addition, several other specific features are related to time series data. First, 
there is usually a trend component in the time series data, which is often represented 
by the changes in a dependent variable over time in relation to the independent 
variable individually or jointly with other independent variables. The changes 
further include the underlying direction (e.g. an upward or downward movement) 
and the rate of change. Second, there is often a cyclical component, which describes 
a dependent variable’s regular fluctuations or cycle in relation to the independent 
variable. Weekday and weekend physical activity is a recognisable cycle that is a 
good example of this component. Third, there could be a seasonal component, which 
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 behaviours 
across seasons is a good example of this component. Conceptually, the seasonal 
component can be considered as a special case of the cyclical component since the 
former is the cycle only related 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. Also known as ‘noise’, this component accounts for the 
variation in the remaining data after taking into account other components. 
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The third characteristic is related to the variation of the data. While this charac-
teristic has not been well studied and many physical activity and sedentary behaviour 
researchers are not aware of it, we learned from the field’s physical activity and 
sedentary data analysis experiences that both low-intensity physical activity data and 
sedentary behaviour data may have larger variation than moderate and vigorous 
intensity data, which is true for both total physical activity time or total minutes and 
for the proportion of the total time (see Table 4.1). Researchers have learned, when 
running statistical analysis, that large variation, expressed in standard deviation for 
example, often has 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 already has resulted in a reduction in sedentary time, our statistical 
analysis may not be able to detect it or even allow for its detection. 

In addition to all the above characteristics, another critical issue in analysing 
sedentary data is related to its operational definition. While sedentary behaviour 
itself has been well described and defined in the literature [6, 7], how to measure it 
using a specific device is individually defined and can be done so inconsistently. As 
described by Cain et al. in 2013 [8], for the youth population alone, there are already 
11 sedentary behaviour cut points for the ActiGraph accelerometer, the most popular 
accelerometry device being used for physical activity and sedentary behaviour 
research. It is to be expected that more cut points are being set. In addition, not all 
sitting is alike in terms of health impact (e.g. TV view sitting vs. Zen meditation 
sitting, which differ greatly in terms of the use of postural muscles), and most of the 
current measures of sedentary behaviour have ignored the distinctive natures of 
different types of sitting and are actually incapable of being able to distinguish them 
from each other. 

4.3 Statistical Analysis of Sedentary Behaviour Data 

Currently, most sedentary behaviour data have been analysed using conventional 
parametric tests, such as correlation, regression, t-test, ANOVA, MANOVA, etc. 
Unfortunately, due to the structure and characteristics of sedentary behaviour data as 
described above, these statistical tests are sometimes not appropriate or do not take 
full advantage of what information the data could provide. This is because one of the 
fundamental assumptions of all of these conventional statistical methods is that the 
data should be independent of each other. Sedentary behaviour and physical activity 
data belong to compositional or sub-compositional 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



N Mean SD Maximum Minimum ratio

(continued)
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Table 4.1 Descriptive statistics of physical activity (PA) and sedentary behaviour in the 
2005–2006 National Health and Nutrition Examination Survey (NHANES) data 

Activity type 
and ratio to 
total 

Sex 

Total Sedentary 
mins per day 

6344 459.20 125.72 1044.86 67.50 48.22% 
male 

Light PA mins 
per day 

6344 344.73 100.30 769.43 16.00 

Moderate PA 
mins per day 

6344 25.53 22.90 307.00 0.00 

Vigorous PA 
mins per day 

6344 5.04 9.96 115.00 0.00 

MVPA mins 
per day 

6344 30.57 28.61 331.00 0.00 

Sedentary 
mins per 
day/total 

6344 0.55 0.13 0.98 0.10 

Light PA mins 
per day/total 

6344 0.41 0.11 0.79 0.02 

Moderate PA 
mins per 
day/total 

6344 0.03 0.03 0.32 0.00 

Vigorous PA 
mins per 
day/total 

6344 0.01 0.01 0.15 0.00 

MVPA mins 
per day/total 

6344 0.04 0.03 0.39 0.00 

Adults ≥ 18 Sedentary 
mins per day 

4130 478.29 124.97 1044.86 67.50 47.77% 
male 

Light PA mins 
per day 

4130 333.65 105.19 769.43 16.00 

Moderate PA 
mins per day 

4130 22.97 24.71 307.00 0.00 

Vigorous PA 
mins per day 

4130 0.98 3.53 53.00 0.00 

MVPA mins 
per day 

4130 23.95 26.23 331.00 0.00 

Sedentary 
mins per 
day/total 

4130 0.57 0.13 0.98 0.10 

Light PA mins 
per day/total 

4130 0.40 0.12 0.79 0.02 

Moderate PA 
mins per 
day/total 

4130 0.03 0.03 0.32 0.00 

Vigorous PA 
mins per 
day/total 

4130 0.00 0.00 0.08 0.00
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appropriate and could lead to problems such as spurious correlation, constant-sum, 
negative-bias, null-correlation and closure problems [9].
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Table 4.1 (continued)

Activity type 
and ratio to 
total 

Sex 

MVPA mins 
per day/total 

4130 0.03 0.03 0.39 0.00 

Children < 18 Sedentary 
mins per day 

2214 423.61 119.25 965.20 110.71 49.05% 
male 

Light PA mins 
per day 

2214 365.40 86.78 639.43 22.50 

Moderate PA 
mins per day 

2214 30.30 18.13 159.14 0.00 

Vigorous PA 
mins per day 

2214 12.61 13.14 115.00 0.00 

MVPA mins 
per day 

2214 42.91 28.78 252.14 0.00 

Sedentary 
mins per 
day/total 

2214 0.51 0.12 0.97 0.14 

Light PA mins 
per day/total 

2214 0.44 0.10 0.74 0.03 

Moderate PA 
mins per 
day/total 

2214 0.04 0.02 0.21 0.00 

Vigorous PA 
mins per 
day/total 

2214 0.02 0.02 0.15 0.00 

MVPA mins 
per day/total 

2214 0.05 0.03 0.33 0.00 

Note. MVPA = moderate-to-vigorous physical activity 

Another common inappropriate practice in analysing sedentary behaviour 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 analysed in reported research studies. In contrast, recent 
physical activity and sedentary behaviour research indicates that examining patterns 
of physically active and sedentary behaviour can be more informative and can 
identify attributes critical to health. According to Owen et al. [6], for example, 
someone could be ‘physically active, but also highly sedentary’, and ‘move often’ 
could be as important as ‘move more’, i.e. a ‘breaker’ person who has more breaks 
from prolonged sitting, will likely be healthier than a ‘prolonger’, who has less 
breaks [10–12]. Accordingly, the traditional way of analysing physical activity data, 
in which only a specific type of activity, e.g. moderate and vigorous physical activity 
or sedentary behaviour time, is analysed individually, clearly cannot take advantage



of the rich information embedded within physical activity and sedentary behaviour 
time series data. 
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Finally, as pointed out earlier, inconsistencies in setting cut points is a concern. 
While a great deal of attention has been devoted on how to set cut points for 
accelerometers or similar devices (most often, these correlate with signals generated 
from the devices with an intensity measure, such as VO2 consumption, % of VO2 

max and % maximal heart rate), there remains the need to further validate the 
developed cut points. 

Fortunately, a set of methods and solutions are already available to address the 
problems and challenges described above. They will be briefly addressed in this 
section. More specific details can be found in the cited references. 

4.3.1 Matching Data Structure, Research Questions 
and Methods 

With a theoretical framework and understanding of a specific data structure, statis-
tical methods can be appropriately selected for specific research questions. As an 
illustration, under the framework of Cattell’s data box [2, 3], 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 sub-
groups 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 ‘vari-
ables over occasions, fixed persons’; and finally, P-technique (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 individual or small group of individuals over time) 
[13] or can be interpreted under the framework of Cattell’s data box (e.g. growth 
curve modelling and longitudinal factor analysis) [14]. 

The multilevel structure of time series data provides another useful aspect to help 
select the appropriate statistical method for analysis. For example, if the research 
interest is to determine if there is a change or pattern in within-person level variables 
(X, Y or the relations between X and Y), and, if there is, the change or pattern caused 
by between-person variables, in this case multilevel statistical methods, such as the 
hierarchical linear models [15, 16], can be employed for data analysis. If the interest 
is at when the Y variable varies at both levels, or X-to-Y relations exist at both levels, 
and time as a third variable, or in the random effects (i.e. between-subject heteroge-
neity) and auto-correlated errors, a set of intensive longitudinal methods are 
available [4].
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4.3.2 Compositional Data Analysis 

That there are problems that occur when applying conventional statistical methods to 
compositional data is not a new revelation. In fact, Karl Pearson [17] pointed out 
such problems in his well-known paper on spurious correlations more than 100 years 
ago. Then, the geologist Felix Chayes [18] took up the problem and warned against 
the application of standard multivariate analysis to compositional data. But it was 
John Aitchison, whose works in the 1980s [19–23] made compositional data anal-
ysis a sub-discipline in statistical data analysis, who proved that log ratios are easier 
to handle mathematically than ratios, and after the log ratio translations, standard 
unconstrained multivariate statistics can be applied to the transformed data, and 
statistical inferences can be made subsequently. Around 2000, a new set of statistical 
methods based on the principle of working in coordinates were further developed 
and applied (e.g. Billheimer et al. [24]; Pawlowsky-Glahn and Egozcue [25]; for 
more information on the development of compositional data analysis, see the good 
summary by Pawlowsky-Glahn et al. [26]). In addition, a number of textbooks on 
compositional data analysis have been published:

• The Statistical Analysis of Compositional Data by J. Aitchison [27]
• Compositional Data Analysis in the Geosciences: From Theory to Practice by 

A. Buccianti, G. Mateu-Figueras and V. Pawlowsky-Glahn [28]
• Compositional Data Analysis: Theory and Applications by V. Pawlowsky-Glahn 

and A. Buccianti [29]
• Modeling and Analysis of Compositional Data (Statistics in Practice) by 

V. Pawlowsky-Glahn, J.J. Egozcue and R. Tolosana-Delgado [26] 

Finally, R-based computational analytical procedures have been developed for 
compositional data analysis as presented in the book Analyzing Compositional Data 
with R by van den Boogaart and Tolosana-Delgado [1]. 

Most progress made in sedentary behaviour data analysis since the first edition of 
this book is the wide acceptance and application of compositional data analysis to 
sedentary behaviour data. For example, Gupta et al. [30] compared standard and 
compositional data analysis of sedentary behaviour and physical activity data and 
called for applying composition data analysis so that the compositional nature of 
sedentary behaviour and physical activities can be adequately addressed. 
Verswijveren et al. [31] used compositional data analysis to explore the accumula-
tion of sedentary behaviour, physical activities and health in youth. For more 
information in this area, see the systematic review by Janssen et al. [32]. 

4.3.3 Machine Learning 

Machine learning is a subset of artificial intelligence, which utilises a collection of 
algorithms that help computers learn from data. Through machine learning,



prediction gets better with experience, and it is a method useful often for analysing 
large volumes of data since it allows recognising of patterns and classifying out-
comes [33]. Machine learning algorithms are based on ‘supervised’ or 
‘unsupervised’ approaches. Supervised learning occurs when the outcomes are 
known and the machine learns to predict outcomes given new cases. A set of training 
data, where both inputs and outcome variables are known, is used to build a model. 
The model is then applied to a set of new test data where the input variables are 
classified and compared to actual outcome variables. Supervised learning algorithms 
include regression (for continuous variables) and classification (for discrete vari-
ables) problems. Unsupervised learning problems do not assume a set of specific 
outcome variables, and the algorithms used are aimed at finding patterns and clusters 
in the input variables. 
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Machine learning algorithms have been in fact successfully used for the analysis 
of accelerometer-derived physical activity data mainly focusing on the physical 
activity mode prediction [34–37]. Some studies to connect physical activity patterns 
to posture recognition and fall detection were conducted in a controlled environment 
with known activities [38, 39]. Others focused on activity recognition have been 
conducted in realistic conditions outside of a clinical environment [34, 40]. Acceler-
ometer-derived physical activity patterns in cattle, data that was collected in a free-
living environment, have also been studied using machine learning algorithms with 
the main focus of classifying cattle movements into lying, standing, grazing, etc. 
[41–43]. A study by O’Connell et al. [44] aimed to connect cattle behaviour 
monitored by accelerometers with reproductive status based on progesterone levels, 
which suggests that machine learning methods may successfully be applied not only 
for classifying accelerometer-derived physical activity into activity types but also for 
recognising patterns in movement that help predict health status. In addition, 
machine learning algorithms have also been applied to accelerometers data for 
diagnosis of tremor-related disease such as Parkinson’s, the classification and 
assessment of severity of levodopa-induced dyskinesia and recognition of involun-
tary gestures in babies with cerebral palsy [45]. Thus, machine learning methods 
show promise in recognising unique movement patterns for classification of disease 
status. In fact, some progress has been made in this area. For example, Kańtoch [46] 
used machine learning to recognise sedentary behaviour data when analysing 
telemedical assessment data for early detection of increased cardiovascular risk. 
Bhattacharjee et al. [47] reported how to use machine learning to analyse sleep and 
sedentary behaviour data. 

4.3.4 Error Grid Analysis for Real-Time Monitoring 

With a few exceptions (e.g. a reminder to people when sitting too long), most 
physical activity and sedentary behaviour monitors currently are employed to 
provide summary information (e.g. the minutes of moderate-to-vigorous physical 
activity time) although long term, real-time physical activity and sedentary



behaviour wearable devices are already widely used in practice. For effective 
training, intervention or rehabilitation, the ability to control exercise intensity or 
behaviour 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) 
[48] is mostly studied and applied. EGA breaks down a scatterplot of a reference 
glucose monitor and an evaluated glucose metre into five areas (see Fig. 4.2): 

A. Where the values are within 20% of the reference sensor? 
B. Where the values are outside of 20%, but would not lead to inappropriate 

treatment? 
C. Where the values could lead to unnecessary treatment? 
D. Where the values indicate a potentially dangerous failure to detect 

hypoglycaemia or hyperglycaemia? 
E. Where the values could confuse treatment of hypoglycaemia for hyperglycaemia 

and vice versa? 
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Fig. 4.2 Illustration of Clarke’s error grid analysis (EGA) 

Many new methods and useful information has been generated since then [49– 
52]. Physical activity and sedentary behaviour research and practice would benefit 
from taking greater advantage of these methods and the novel information that they 
can generate.

https://en.wikipedia.org/wiki/Scatterplot
https://en.wikipedia.org/wiki/Hyperglycemia
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4.3.5 Linking Multiple Measures Using Test Equating 

In measurement practice, it is common to use multiple measures to assess the same 
construct, and, among the measures used, there are always one or two that are well 
developed, but due to other needs, e.g. financial or practical issues, new measures 
were developed. These latter measures, however, often cannot be readily used 
because they lack scientific evidence for credibility, such as validity, reliability 
and evaluation standards. This is also true in assessing physical activity and seden-
tary behaviour. For example, ActiGraph, a device by ActiGraph LLC., is the most 
well-developed and widely used field measures of physical activity. Yet, ActiGraph 
is expensive and has been used mainly for research purposes. As a result, many new, 
accelerometry-based wearable devices have been developed, but they were not 
comparable to findings of the ActiGraph since their data were set according to 
their own scale. 

To address this problem, John et al. [53] developed a platform called ‘Monitor-
Independent Movement Summary (MIMS)’ to link different accelerometer devices. 
Technically, MIMS is a unit defined by the accumulation of acceleration over time, 
and it represents accelerations caused by physical movement during a specific epoch, 
e.g. 1 minute, 1 hour or 1 day. MIMS per minute thus could be used to index the 
intensity of physical activity. The advantage of the MIMS algorithm, therefore, is 
compatibility across accelerometry data from all brands of devices, while the 
ActiGraph’s ‘count’ can be derived only from ActiGraph accelerometry data. The 
limitation of MIMS is that intensity cut points have not been established for MIMS, 
making it ineffective at assessing physical activity and sedentary behaviour since 
certain critical information, e.g. sedentary and moderate-to-vigorous physical activ-
ities (MVPA) cannot be computed. 

Fortunately, these limitations can be addressed by applying test equating 
methods, a statistical method to examine the relationship between two or more 
tests or to transform test scores from different tests into the same scale [54]. Test 
equating has been used, in fact, to transform different fitness test scores into the same 
scales [55], and it was also successfully used to help set MIMS into the scale of 
ActiGraph counts by a recent effort by Qin et al. [56]. As a result, through MIMS and 
the conversion relationship developed, all ActiGraph count-related information, 
e.g. energy expenditure, risk of cardiovascular disease, bone loading, can now be 
shared with other devices, and study results can be compared even when different 
devices were used. 

4.3.6 Validating Cut Points 

Because of differences in samples and criterion measures employed in validation 
studies, it is expected that inconsistency in setting cut points for physical activity and 
sedentary behaviour data derived from accelerometers and related devices will



continue. Meanwhile, a systematic effort should be made after a cut point is set up so 
that additional validity evidence can be accumulated and the credibility of the cut 
points can be further evaluated. When validating a cut point or standard, Kane [57] 
proposed collecting four kinds of validity evidence, 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 persons who 
are knowledgeable about the purpose of the standards and familiar with the standard 
setting procedure); (3) internal consistency evidence (e.g. if the presumed relation-
ship between a performance standard, which could be very important in real-time 
long-term monitoring and a cut point can be confirmed); and (4) 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 vs. bone health) 
were employed to examine the external validity. In addition, the role of conse-
quences in standard setting and associated arbitrariness in standards must be exam-
ined (see also Zhu [58] for a discussion from the kinesiology’s view on standard and 
cut point setting). 
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Because most wearable devices for assessing physical activity and sedentary 
behaviour are worn on the wrist, some additional challenges in setting standards 
have been observed. This is because in the real-life, free-living conditions, hands 
could move fast, e.g. when a child is playing computer or video games, but the 
activity itself will bring little physiological impact and health benefit to children and 
youth. These kinds of sedentary ‘hands-only’ activities may be termed ‘sedentary 
active behaviour’ and could add noise to the data, leading to misclassification of 
sedentary behaviour as MVPA. Studies to address this issue are urgently needed. 

4.4 Interpretation of Sedentary Behaviour Data 

There is never any guarantee that the findings will be interpreted correctly even when 
the appropriate analytical methods were employed. One ongoing problem in all areas 
of research is that statistical findings in physical activity and sedentary behaviour 
research have often been interpreted based on p-values only; therefore, the data were 
incorrectly interpreted. As an example, when validating a physical activity measure, 
many low correlations were called ‘significant’ simply because a less than 0.05 p-
value was achieved. Even though the interpretation of statistical finding based only 
on p-values has long been criticised [59], this practice continues in the field of 
physical activity and sedentary behaviour research [60]. For correlational and 
regression research, statistical interpretation should be based on either absolute 
criteria or variance percentages explained by the predictors; for inferential statistical



findings, the interpretation should be based on the effect size or the confidence 
intervals [60, 61]. In addition, the true meaning of the statistics and practical 
significance of the outcome variables should be studied (e.g. for a specific age 
range 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. 
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4.5 Causality in Sedentary Behaviour Epidemiology 

Understanding cause-effect relations is essential to any scientific research, which is 
also true for epidemiologic studies. Lazarsfeld [62] established three criteria for 
causal relations: (1) there is a temporal order, i.e. for A caused B, A must occur 
before B; (2) there is empirically relationship; and more importantly (3) the observed 
empirical relationship between two variables cannot be explained away as the result 
of a third variable that causes both A and B. A number of criteria have also been set 
specifically for causal inference in epidemiology, and among them, Hill’s yard stick 
[63] is perhaps the most popular one, which includes nine specific criteria: 

1. Strength (e.g. Is there a strong relationship between prolonged sitting time and 
obesity?) 

2. Consistency (e.g. Has the relationship between sedentary behaviour and cancer 
been confirmed in many studies?) 

3. Specificity (e.g. Is low back pain found only in certain professionals with 
prolonged sitting?) 

4. Temporal relationship (e.g. Low back pain did not occur until one changed to a 
prolonged sitting job.) 

5. Biological gradient (e.g. Is there a dose-response relationship between prolonged 
sitting and increased incident rates of high blood pressure?) 

6. Plausibility (e.g. Can we explain from our biological knowledge why prolonged 
sitting could cause low-bone mineral density?) 

7. Coherence (e.g. Is the relationship between sedentary behaviour and health 
supported by existing theoretical, factual, biological and statistical reasoning 
and evidence?) 

8. Experiment (e.g. Can low back pain be reduced if a standing desk intervention is 
introduced in office settings?) 

9. Analogy (e.g. If prolonged sitting can cause obesity, it will likely lead to 
diabetes). 

It should be pointed out that although these criteria were received and applied in 
practice, they were also questioned and criticised. Interested readers are referred to 
Kundi [64] for more detail. 

A well-controlled experimental design is also very important to establish causal-
ity. In epidemiologic studies, the randomised clinical trial (RCT) is the gold standard



research design to provide the most convincing evidence of a relationship between 
cause and effect. The RCT, however, is very expensive to run and is not appropriate 
to answer certain types of questions and may be unethical (e.g. to assign persons to 
certain treatment or comparison groups) in clinical settings. Instead, 
nonexperimental or observational study designs in which persons are observed 
currently, prospectively or retrospectively are often employed in research practice. 
The effect of the ‘third variable’, i.e. other covariates or confounding variables, 
however, is often unavoidable due to non-random selection when forming the study 
groups. This is perhaps the reason that we often hear about inconsistent, confusing 
findings covered by the media. Fortunately, a set of statistical methods known as 
propensity score analysis [65, 66], in which selection bias is removed, or the 
covariates are balanced, have been introduced and applied to epidemiologic studies. 
Sedentary behaviour researchers, however, have not taken the full strength and 
advantage of this method. 
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4.6 Conclusions 

With the increased awareness on the adverse impact sedentary behaviour has on 
health and the availability and greater use of wearable physical activity monitoring 
devices, the ‘big data’ era for physical activity and sedentary behaviour research has 
arrived. Yet, the field of physical activity and sedentary behaviour research and 
practice has just started to take full advantage of new statistical methods and 
practices that can better analyse physical activity and sedentary data. In fact, some 
current practices are either inappropriate (e.g. misclassification of sedentary behav-
iour as MVPA) and/or incorrect (e.g. interpretation of statistical findings based only 
on p-values, which are biased by the sample size). To address these problems and 
challenges, the current chapter discussed the structure of real-time, long-term phys-
ical activity and sedentary behaviour data and how to select the appropriate statistical 
method based on the particular data structure and research interest at hand. A number 
of novel statistical methods capable of addressing these problems were introduced 
and described, and principles to establish causality and remaining challenges in 
sedentary behaviour epidemiology were described. The application of these methods 
and concepts will increase our understanding of physical activity and sedentary 
behaviour as such data are appropriately analysed. 
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Part II 
Health Effects of Sedentary Behaviour



Chapter 5 
Physiological Responses to Sedentary 
Behaviour 

Ana J. Pinto, Audrey Bergouignan, and Paddy C. Dempsey 

Abstract Sedentary behaviours—i.e. ‘too much sitting as distinct from too little 
exercise’—are ubiquitous in modern societies. Accumulating epidemiological evi-
dence indicates that higher volumes of sedentary behaviour are associated with 
elevated risks for all-cause mortality, cardiovascular disease incidence and mortality, 
type 2 diabetes incidence and some cancers, particularly among those who are not 
achieving recommended amounts of moderate-to-vigorous intensity physical activ-
ity. Based on these observations, and in part on a growing body of experimental 
research, it has been proposed that sedentary behaviour influences health risk 
through some mechanisms that act similarly or independently of physical inactivity. 
However, the observational evidence is well ahead of evidence on the physiological
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responses to sedentary behaviour, leaving uncertainties around the potential biolog-
ical mechanisms that may explain the observed associations. Here, we summarise 
and discuss experimental evidence to date on the physiological effects of sedentary 
behaviours, including potential solutions-oriented research aiming to address sed-
entary behaviour as a health risk. We also highlight future research that is needed to 
fully ascertain the specific impact of sedentary behaviour on altering human 
physiology.
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What Is New?
• Epidemiological evidence suggests that the deleterious associations of 

sedentary behaviour with all-cause mortality can be modified by time 
spent in moderate-to-vigorous intensity physical activity. In this context, 
physically inactive and highly sedentary individuals are at the highest risk 
for poorer health-related outcomes.

• Meta-analytic evidence supports the role of interrupting sitting at acutely 
(usually ~3–8 hours) improving postprandial glycemia and insulinemia and 
vascular function. However, studies investigating the potential mechanisms 
underlying these benefits are lacking. Clarity is also needed on the specific 
role of posture and/or skeletal muscle inactivity, as per current sedentary 
behaviour definitions, on disease-specific pathologies (e.g. dysmetabolism, 
vascular dysfunction, cognition, central and peripheral neural effects, etc).

• A growing variety of health-related outcomes are now being studied, 
including brain function and cognitive performance, musculoskeletal 
pain/discomfort and fatigue and oxidative stress and inflammatory markers. 
However, more high-quality evidence on the impact of (interrupting) 
prolonged sitting on these outcomes and chronic disease (e.g. cancer, 
dementia, inflammatory diseases, depression, etc.) risk/symptoms is still 
needed.

• A growing number of longer-term interventions targeting sedentary behav-
iour are now being published. Overall, evidence suggests these interven-
tions are effective in reducing mean sedentary time by ~30–45 min/day. 
There is also some evidence of effectiveness for improving cardiometabolic 
risk factors to a small degree, including: weight, waist circumference, 
percentage body fat, systolic blood pressure, insulin, glycated 
haemoglobin, HDL-cholesterol and vascular function. However, further 
high-quality, longer-term intervention studies are required to determine 
dose-response relationships, the moderating role of moderate-to-vigorous 
intensity physical activity and other behaviours (e.g. light activity and 
sleep), and potential underlying mechanisms.

• Sedentary behaviour is highly prevalent in a variety of populations, varying 
under different cultural and environmental contexts and person-specific 

(continued)
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factors. In addition to better understanding potential underlying mecha-
nisms, future studies should consider how any intervention effects are 
modified by context, type, and purpose of sedentary behaviour and by 
other key factors, including but not limited: to age, sex, race/ethnicity, 
menopausal, pregnancy and lactating statuses, medications, cardiorespira-
tory fitness and baseline exercise levels, and populations with or at 
increased risk of chronic disease. 

5.1 Introduction 

Regular moderate-to-vigorous intensity physical activity, generally 30–60 minutes 
continuous exercise on 3–5 days/week, provides numerous health benefits, with the 
greatest improvements occurring when sedentary/inactive individuals become more 
physically active [1]. However, while physical activity recommendations (i.e. at 
least 150 min/week of moderate-to-vigorous intensity physical activity or 75 min/ 
week of vigorous-intensity physical activity [2]) are based on strong and consistent 
evidence, the potential health benefits of increasing moderate-to-vigorous intensity 
physical activity remain largely unrealised at the population level. Indeed, the 
majority of the global population, particularly those from high-income countries, 
spend increasing amounts of time in environments that not only limit physical 
activity but also necessitate prolonged periods sedentary. 

Time spent in sedentary behaviours, defined as any sitting or reclining behaviour 
during waking hours with low-energy expenditure (≤1.5 metabolic equivalent 
(MET)of task—of note, 1.0 MET corresponds to the resting metabolic rate of the 
population under study (in adults without mobility impairment or chronic diseases, a 
metabolic equivalent is deemed to be 3.5 ml O2/kg/min) [3, 4]), has emerged as an 
additional element within concerns about physical activity and health [5–7]. Indeed, 
it is possible to meet or exceed the public health guidelines for moderate-to-vigorous 
physical activity and yet also spend most waking hours sedentary. Consistent 
epidemiologic evidence now shows deleterious associations of sedentary behaviour 
with all-cause mortality, cardiovascular disease incidence and mortality, type 2 dia-
betes incidence and some cancers in adults [8]. However, recent harmonised meta-
analytic evidence also suggests that the associations between sedentary behaviour 
and mortality can be modified by the time spent in moderate-to-vigorous intensity 
physical activity [9, 10]. Similarly, associations between moderate-to-vigorous 
intensity physical activity may also depend on the balance of time spent in light-
intensity physical activity and sedentary behaviour [11, 12]. These recent findings 
highlight the interdependent and potentially synergistic nature of these physical 
behaviours. They also reemphasise that physically inactive (i.e. one that present an 
insufficient physical activity level to meet current physical activity recommendations 
[4]) and highly sedentary individuals remain a highly prevalent group with the 
highest risk of all-cause mortality and chronic disease and thus in particular need 
of clinical and public health attention.



130 A. J. Pinto et al.

Waking time 

Sedentary 
Behaviours 

Light-Intensity 
Activities 

Moderate-Vigorous 
Intensity Activities (MVPA) 

Volitional and structured 
‘exercising’ behaviours: least 

variable and least prevalent 
during waking hours (MVPA ~5%) 

‘Real life’ behaviours: most variable and 
most prevalent during waking hours 

(Sedentary ~60%; Standing still and light-
intensity activities ~35%) 

Differential, additive and/or interacting determinants & physiological effects? 

Standing 
Activities 

Fig. 5.1 The human movement spectrum—sedentary behaviour, light and moderate vigorous 
intensity activities—and their relative contributions to activity levels during waking hours (based 
on accelerometer data in overweight adults from adults in the National Health and Nutrition 
Examination Survey (NHANES)). Note that, on average, sedentary and light intensity activities 
(~95%) comprise a much larger proportion of total waking time than moderate-to-vigorous intensity 
physical activity (~5%). Adapted from Tremblay et al. [13] and from Dempsey and Thyfault [14] 

As a result, researchers are increasingly studying moderate-to-vigorous intensity 
physical activity and sedentary behaviour (and, by definition, standing and light-
intensity activity) as distinct but interrelated behaviours (Fig. 5.1), with their own 
unique determinants and health consequences [13, 14]. However, relative to our 
knowledge on the acute and longer-term effects of moderate-to-vigorous intensity 
physical activity, much less is known about the specific physiological responses to 
sedentary behaviour (prolonged sitting) or the potential biological mechanisms 
underlying the associations of sedentary behaviour with adverse health outcomes. 
Developing our understanding of whether, how and why sedentary behaviour is 
causally related to adverse health outcomes is therefore important [15] and may help 
inform more specific/tailored intervention or therapeutic targets aimed at ameliorat-
ing the potentially detrimental health impacts of prolonged sedentary behaviour. 

In this chapter, we focus on the physiological responses to sedentary behaviour in 
adults. In particular, the prolonged periods of unbroken sitting that occur daily in 
large segments of the population. We highlight the following:

• The merits of differentiating sedentary behaviour from physical inactivity
• The nuances of difference between experimental models of sedentary behaviour 

and inactivity physiology and how they can further inform our knowledge on 
physiological responses, potential mechanisms and health outcomes

• Experimental evidence on the physiological responses to prolonged periods of 
sedentary behaviour and the potential benefits of reducing and interrupting these 
sedentary exposures

• Future research needs and opportunities in the field of sedentary behaviour
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5.2 The Physiology of Sedentary Behaviour: 
An Operational Framework 

From a physiological perspective, differentiating between ‘sedentary behaviours’ 
and ‘physical inactivity’ may initially seem rather semantic. Indeed, recent reviews 
have already summarised the evidence to date on numerous physiological responses 
as they relate to imposed physical inactivity [16–18]. These include reduced cardio-
vascular function, bone demineralisation, muscle atrophy, a shift in muscle fibres 
towards fast-twitch glycolytic type, skeletal muscle and whole-body insulin resis-
tance, a reduced mitochondrial oxidative capacity, a reduced capacity to utilise fat as 
a substrate for adenosine triphosphate (ATP) production, hyperlipidaemia, ectopic 
fat storage, increased central and peripheral adiposity, low-grade inflammation and 
disruption of iron metabolism [16, 17, 19]. However, one must realise that moderate-
to-vigorous intensity physical activity, light-intensity (non-exercise and daily body 
movements) physical activity and sedentary behaviour all coexist within the spec-
trum of activities that constitute the waking day [13]. Thus, examining the physio-
logical responses and adaptations (i.e. acute and longer-term) within and across each 
behavioural construct is informative, as there may be differential, additive and/or 
interacting determinants or physiological effects to consider (Fig. 5.1). 

Focussing on sedentary behaviours as distinct from physical inactivity also offers 
some unique opportunities. A key feature being a renewed emphasis on shifting the 
balance of sedentary behaviours towards more light-intensity physical activities, 
rather than solely focussing on increasing moderate-to-vigorous intensity physical 
activity. This shift in emphasis is now reflected in more recent guidelines [2, 8, 20] 
but has also included the development of countermeasures to specifically address 
sedentary behaviours, with a growing body of experimental studies aiming to reduce 
and interrupt prolonged sitting time providing some important insights. 

5.3 Experimental Models Used to Study Sedentary 
Behaviour and/or Inactivity Physiology 

Physical inactivity and/or sedentary behaviour-induced physiological changes have 
been studied under a variety of different models and contexts (see Table 5.1 for 
human models). Each of these approaches (i.e. animal models, detraining, bed rest, 
bed rest combined with exercise, limb immobilisation/casting, imposed physical 
inactivity and interrupting sitting time) are justified depending on the question at 
hand and provide complimentary information. However, it is important to recognise 
and understand the different goals, methodologies and assumptions made under 
these models when attempting to interpret and generalise their findings.
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5.3.1 Animal Models 

Animal models ensure compliance with interventions while controlling for environ-
mental confounders (e.g. diet, circadian rhythms and environmental stimuli) over 
longer periods of time, while also enabling more in-depth analyses and invasive 
procedures (e.g. to examine tissue-specific mechanisms). Research in the ‘inactivity 
physiology’ context is examined primarily using wheel lock and hind limb unloading 
methodologies. The key objective of these studies is to better understand how 
physical inactivity (or immobility) initiates maladaptations linked to chronic disease. 
Here, we provide a condensed summary of these models and of key findings most 
pertinent to sedentary behaviour physiology. 

Wheel lock models involve periods of habitual or voluntary activity (3–6 weeks; 
typically, 5–10 km/day of running) which is suddenly restricted (running wheel 
locked) to cage movement only for up to 7 days. In a series of rodent studies 
conducted by Booth and colleagues, while daily wheel running increased insulin-
stimulated glucose uptake in isolated skeletal (epitrochlearis) muscle, a rapid 
decrease in insulin sensitivity to sedentary levels was reported within 2 days of 
wheel lock and reduced activity [21]. This reduction in insulin-stimulated glucose 
transport was linked to reduced activation of the insulin-signalling pathway and 
reduced GLUT4 protein content. Rapid gains (25–48%) in intra-abdominal fat mass 
were also reported within 1 week of week lock [22, 23]. Interestingly, lowering food 
intake immediately after the wheel lock did not significantly change fat mass 
enlargement compared to the rats that fed ad libitum, suggesting that the fat storage 
was the result of physical inactivity per se, rather than overfeeding or positive energy 
balance [22]. 

Hind limb unloading models (or simulated weightlessness) involve suspending 
rats by their tail, preventing any weight-bearing activities of the lower limbs and 
allowing researchers to tightly control when immobilisation in those limbs begins 
and ends. Similar to wheel lock, hind limb unloading studies of ‘inactivity physiol-
ogy’ have also reported on the rapid development of insulin resistance after 1 day of 
unloading [24]. In addition, Hamilton and colleagues have shown that distinctive 
physiological pathways are activated with hind limb unloading (~10 h/day over an 
11 day period), particularly the expression and enzyme activity of lipoprotein lipase 
(LPL), which seems to remain largely unaffected by moderate-to-vigorous intensity 
physical activity [25]. Using hind limb unloading, Hamilton and colleagues demon-
strated that rat skeletal muscle triglyceride uptake was reduced by 75% and LPL 
protein mass and enzymatic activity were rapidly suppressed during acute (1–18 h) 
and chronic (~10 h/day over 11 days) periods, an effect which was reversible only 
with light-intensity contractile activity. Moreover, while LPL activity associated 
with exercise was linked to increases in LPL mRNA levels, LPL mRNA expression 
was not changed after 11 days of hind limb unloading—suggesting that the changes 
in LPL activity and protein level were likely due to transcriptional or posttransla-
tional changes [25, 26]. This point was further highlighted in a global gene-
expression profiling study, which identified 38 genes in muscle that were



upregulated by just 12 hours of hind limb unloading, 27 of which remained above 
control levels after returning to normal standing and ambulation for 4 hours 
[27]. Although confirmation is still required in humans, it is intriguing to consider 
what minimum thresholds of acute baseline (or incidental) activity may be required 
to prevent maladaptations like these from occurring. 
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Other research groups have also focused on the impact of hind limb unloading in 
other health outcomes, organs and systems. Periods of hind limb unloading (up to 
15 days) in rats reduced extensor digitorum longus, soleus and/or gastrocnemius 
weight [28–31] and twitch force and cross-sectional area of the extensor digitorum 
longus and/or soleus muscles [29, 30]; inhibited the anabolic Akt-mammalian target 
of rapamycin (mTOR) signalling pathways; increased activity of the catabolic 
ubiquitin-proteasome pathway [28]; shifted towards more fast-twitch muscle fibre 
type [28]; reduced bone mass, bone formation [32], bone mineral density [30, 33] 
and femoral load to break [30]; induced deterioration of trabecular and cortical bone 
[33]; reduced mitochondrial respiratory capacity [30]; induced insulin resistance 
[30]; increased resting heart rate [30]; increased IL-6 mRNA levels [31] and 
ceramides accumulation [34] in the skeletal muscle and altered iron metabolism by 
increased hepcidin in the liver and spleen iron content [31]; and reduced serum iron 
concentration and transferrin saturation [28, 31]. 

5.3.2 Human Models 

Training Cessation and/or Detraining Models 

Training cessation and/or detraining models assume a relatively extreme level and 
capacity of baseline physical activity prior to a discontinuation of exercise training— 
usually in competitive athletes (see Table 5.1). Defined by a partial or complete loss 
of training-induced adaptations in response to an insufficient training stimulus [35], 
detraining is characterised by significant differences in exercise-induced responses 
in the cardiorespiratory (maximal oxygen uptake, cardiac output and ventilator 
efficiency) and metabolic (increased reliance on carbohydrate metabolism and 
lowered oxidative enzyme activities, glycogen level and lactate threshold during 
exercise and reduced insulin sensitivity) systems that ultimately result in 
compromised athletic performance [35, 36]. Moreover, studies in endurance athletes 
have provided initial insights into the physiological effects of physical inactivity 
(or reduced training load). For example, two studies have shown that insulin 
sensitivity in skeletal muscle, measured by hyperglycaemic-euglycemic clamps, is 
reduced to the level measured in non-exercising age-matched controls after only 
2 days of training cessation [37, 38]. However, as far as we know, no studies have 
examined other types of physical activity (i.e. light-intensity) or sedentary behaviour 
following training cessation. Thus, these models provide limited evidence on the 
effects of sedentary behaviour in the general population.
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Enforced Bed Rest Models 

Enforced bed rest, dry immersion and/or spaceflight models are characterised by a 
lack of muscle activity and postural change, accomplished via immobilisation and/or 
elimination of gravitational stimuli (head tilt) for extended periods of time (ranging 
from days to multiple months). Similar to detraining, these studies impose extreme 
immobility that is unlikely to be representative of daily living and typically include 
young, healthy-active individuals [16, 19, 39], but sometimes include older adults 
[40] or people at risk for type 2 diabetes [41, 42] or born with low birth weight 
[43, 44]. Therefore, they require cautious interpretation, as they can cause physio-
logical changes (such as haemodynamic shifts as a result of postural change that 
mimic reduced gravity) that are distinct from sitting interspersed with incidental 
movement. Despite this, bed rest and dry immersion models can provide important 
mechanistic hints, illustrating the fundamental physiological adaptations and poten-
tial mechanisms to short- or longer-term immobilisation, as physical activity, energy 
intake and other environmental factors (e.g. temperature, day/night cycle and water 
intake) are tightly controlled in these studies. Therefore, data obtained in bed rest 
studies can be independent of confounders, which means that they are the result of 
imposed physical inactivity and/or sedentary behaviour per se. Five to 10 days bed 
rest has been shown to induce dysglycaemia and dramatic reductions in whole body, 
muscle, and vascular insulin sensitivity in healthy participants [42, 45, 46]. Bed rest 
also induces reduced aerobic fitness, muscle atrophy, shifts towards more fast-twitch 
muscle fibre type, changes in fat oxidation capacity and storage, metabolic inflexi-
bility (inability to adjust substrate use to changes in substrate availability), 
hypertriglyceridemia and ectopic fat storage [16, 47]. Those changes are similar to 
the trajectory of pathways observed in the metabolic dysregulation associated with 
obesity, type 2 diabetes and/or metabolic syndrome, thus supporting a key role of 
physical inactivity in the aetiology of metabolic diseases [16]. 

Enforced Bed Rest and/or Spaceflight Models Combined with Exercise 

Enforced bed rest and/or spaceflight models combined with exercise are 
characterised by periods with lack of muscle activity and postural change, as 
described in the previous subtopic, combined with regular sessions of resistance 
and/or aerobic exercise, which usually last extended periods of time (ranging from 
days to months). These studies typically include young, healthy-active individuals 
and impose extreme immobility, which is unlikely to be representative of daily living 
even when accounting for the active periods (exercise sessions) [19]. Therefore, as 
for enforced bed rest models, these studies also require cautious interpretation. 
Despite this, bed rest models combined with exercise can provide important mech-
anistic hints, illustrating the physiological adaptations and potential mechanisms to 
short- or longer-term exposure to a highly sedentary (immobilisation) yet physically 
active (regular exercise sessions) condition in a tightly controlled environment. As



mentioned above, prolonged bed rest reduces cardiorespiratory and muscle function, 
muscle mass, mitochondrial volume, oxidative capacity and whole-body, muscle 
and vascular insulin sensitivity and induces fat accumulation in visceral adipose 
depot and ectopic fat storage in the muscle, liver and bone [16, 19, 42, 45, 46]. In 
contrast, resistance exercise combined or not with aerobic exercise has been shown 
to prevent or at least partially counteract most of the deleterious effects associated 
with bed rest alone [19]. However, some maladaptations to enforced physical 
inactivity, such as those observed on lipid metabolism, are not prevented by exercise 
training even when physical activity is far above the recommended levels 
[19]. These results provide evidence that excessive sedentary behaviour may be 
detrimental even in the presence of adequate levels of moderate-to-vigorous inten-
sity physical activity. It further supports the idea that sedentary behaviour may have 
adverse health effects independent of physical activity and the importance of 
non-exercising physical activity (i.e. other daily living physical activities performed 
throughout the day) to maintain overall health. 
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Limb Immobilisation/Casting 

Limb immobilisation/casting models are characterised by periods in which a limb is 
immobilised using casting. Particularly in lower limb immobilisation, participants 
are given crutches and asked to refrain from weight-bearing activity on the 
immobilised leg [48, 49]. These studies typically include young, healthy-active 
individuals, but sometimes include older adults, and result in muscle disuse on the 
affected limb, which mimic the disuse expected from a casting protocol that occur 
following an injury. Therefore, they also require cautions interpretation, as the 
casting-induced effects are usually restricted to the immobilised limb and adapta-
tions are more severe than the ones observed in daily living (e.g. during periods of 
reduced physical activity or aging). Limb immobilisation/casting results in rapid and 
pronounced reduction in muscle mass and strength [50–52]. Moreover, periods of 
muscle disuse are associated with the development of anabolic resistance 
(i.e. blunted increase in postprandial muscle protein synthesis following protein 
ingestion) [53], accumulation of intramyocellular lipids [54, 55], decreased fatty 
acids oxidative capacity [55], expression of proteins related to insulin signalling 
[54], basal limb blood flow and arterial lumen diameter [56] and increased risk of 
venous thromboembolism [57]. 

Imposed Physical Inactivity Models 

Imposed physical inactivity models involve studies whereby participants’ transition 
from high/normal to low daily ambulatory activity (or increased sedentary time). 
Changes in physical activity are applied to mimic the range of physical activity 
patterns that occur in the human population. For example, participants with habitu-
ally high physical activity levels (>10,000 steps/day) are asked to lower their daily



step count to around <1500 steps/day [17, 58]. Imposed physical inactivity models 
are more pragmatic than detraining, bed rest and limb immobilisation/casting for 
studying everyday living in the majority of the population. However, these studies 
have typically been conducted in young active individuals, and thus, assume higher 
habitual physical activity patterns than that observed in population-based surveys. 
Moreover, they tend not to measure or focus on sedentary (sitting) behaviours per se, 
although increases in sedentary time have been reported in more recent studies [58– 
60]. Imposed physical inactivity studies have reported that transitioning from high to 
low activity patterns for only 3–5 days reduces endothelial function [61], insulin 
sensitivity, glycaemic control [62, 63], with notable restorations in insulin sensitivity 
once activity levels were returned back to normal. A longer duration study where 
participants lowered their step count from >10,000 to <1500 steps/day for 
2–3 weeks showed even more robust changes, including reduced skeletal muscle 
insulin sensitivity and signalling, increased central adiposity, and reduced aerobic 
capacity (VO2max), lower limb muscle mass [60, 64] and reduced capacity to burn fat 
as fuel along with de novo lipogenesis and ectopic fat storage [58]. 
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For more information on experimental studies that used models of detraining, bed 
rest, or reduced activity in order to elucidate the biological mechanisms that may 
explain the underlying biological mechanisms linking sedentary behaviour to poor 
health outcomes, please refer to Sect. “What Other Variables Related to Physical 
Activity and Sedentary Behaviour May Be Important for Mortality Risk?” in 
Chap. 14. 

5.4 Physiological Responses to Sedentary Behaviour 
in Humans 

5.4.1 Characterising Prolonged Sitting in Humans 

Physiologically, sitting postures can be characterised by low-energy expenditure 
demand, as measured by indirect [65, 66] and whole-room calorimetry, where the 
average energy cost of common sedentary behaviours (reclining, watching TV, 
reading and typing on a computer) are narrowly banded around ~1.0 METs at 
various times of day, even in the postprandial state [67]. In addition, while contrac-
tile activity of skeletal muscles is important for common activities involved in being 
upright (i.e. standing and ambulation), this muscle activity largely ‘flatlines’ during 
sitting postures—as demonstrated by an unloading of the major locomotor muscle 
groups in studies measuring muscle electromyographic (EMG) activity 
[26, 68]. These key energetic and postural features of prolonged sitting are what 
define the control groups of experimental studies aiming to reduce and interrupt 
prolonged sitting exposures.
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5.4.2 Intervening on Prolonged Sitting Exposures 

As highlighted in Table 5.1, interventions that reduce and interrupt sitting time are a 
relatively new approach in which the focus has shifted from investigating the effects 
of increased sedentary behaviour (or imposed inactivity) in relatively healthy-active 
individuals, to a treatment paradigm, whereby inactive-sedentary individuals replace 
or interrupt prolonged sitting time with brief bouts of non-exercise physical activity. 
While inactivity models are conducted with a focus on understanding the physio-
logical effects of imposed physical inactivity, reducing and interrupting sitting time 
interventions have been described as more ‘solutions focused’, in theory 
transitioning participants from their ‘normal’ sedentary state (sitting) to more active 
(reduced- or non-sitting) states [69]. Importantly, unlike detraining, bed rest, limb 
immobilisation/casting and, to a lesser extent, imposed physical inactivity models, 
reducing and interrupting sitting time interventions target the large proportion of the 
population in which sitting time, not active time, is the predominant behaviour [70]. 

Against this background, and in the interest of keeping the summary of evidence 
focussed on prolonged sitting behaviours, rather than intermingling with detraining, 
bed rest and lack of physical activity per se, we aim to concentrate our evidence 
synthesis primarily on the following two themes: 

1. The physiological responses in adults to experimental models involving 
prolonged sitting exposures 

2. The physiological impact of reducing or interrupting sitting exposures with 
various forms of physical activity 

0h to 24h 1 to 30 days Months to years 
Abnormal post-meal metabolic responses 
(↑ glucose, ↑ insulin, ↑ C-peptide?, ↑ TG*) 

↓ fat oxidation?* 
↑ IL-6 concentration?* 

↔ appetite? 
↑ systolic & diastolic blood pressure* 

↓ arm?*/leg blood flow and shear stress 
↓ leg macrodilator function (%FMD) 

↓ leg microvascular reactivity? 
↑ leg blood pooling? and foot oedema? 

↑ whole-blood leg (local) viscosity? 
↓ cerebral blood flow?* 

↔/↓ cognitive performance?* 
↑ musculoskeletal symptoms? 

↓ VO2max? 
↓ muscle/bone strength? 

↑ neck & back pain?* 
↑ low grade inflammation? 

Increased obesity, T2D, CVD, cancer, 
dementia risk? 

Increased premature mortality risk 

↓ whole-body & muscle insulin sensitivity? 
Abnormal post-meal metabolic responses 

(↑ glucose, ↑ insulin, ↑ TG*) 
Atherogenic lipoproteins?* 

↓ appetite? 
Sedentary-induced ‘exercise resistance’? 

* Studies inconsistent 
? Limited or preliminary evidence 

Physiological alterations induced by sedentary behaviour 

Fig. 5.2 A conceptual timeline of the various physiological alterations induced by acute and more 
prolonged sedentary behaviour. Note: based on evidence from a variety of studies and population 
subsets that have included prolonged sitting exposures and/or interventions to reduce or interrupt 
prolonged sitting. Changes beyond 1 day imply approximately >6–8 h/day spent sedentary over 
consecutive days. Abbreviation: CVD, cardiovascular diseases; FMD, flow-mediated dilatation, 
indicative of macrovascular dilator function; IL-6, interleukin 6; T2D, type 2 diabetes; TPR, total 
peripheral resistance; VO2max, cardiorespiratory fitness. Adapted from Dempsey and Thyfault [14]
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As a point of reference based on the evidence to date, Fig. 5.2 provides a 
conceptual timeline for the various physiological alterations induced by acute and 
longer-term exposures to sedentary behaviour. 

5.5 Effects of Sedentary Behaviour on Metabolic Risk 
Factors 

The strongest and most consistent epidemiologic and meta-analytic evidence on the 
deleterious associations of sedentary time have been reported for metabolic risk 
markers and risk of developing type 2 diabetes [71, 72]. Moreover, a growing 
number of acute human intervention studies examining metabolic risk outcomes 
are being published that have included prolonged sitting exposures in a variety of 
population groups. The majority of studies have focused on tightly controlling the 
amount and pattern of sitting and activity bouts in a laboratory setting, while 
examining participants’ metabolic responses concurrently (i.e. in a postprandial 
state) or the day after sitting exposures. The acute duration of these sitting exposures 
(mostly <1 day but some up to 5 waking days) provides greater assurances that 
metabolic responses are not confounded by longer-term energy surplus and/or 
associated changes such as body composition. On the other hand, a small number 
of studies have sought to examine participants under more free-living settings [73– 
79]. 

Glucose and insulin responses: Glycaemic benefits have been observed when 
prolonged sitting is reduced or interrupted with slow bouts of post-meal walking, 
ranging from 15 to 40 minutes in length [80–82]. Prolonged sitting interrupted by 
brief (<5 minutes) intermittent bouts of light- [83–86] or moderate-intensity [84, 87] 
ambulation have also demonstrated improved glycaemic control in both active-
healthy, overweight/obese-sedentary and dysglycaemic populations [88]. However, 
findings from studies in which sitting was replaced with standing only bouts have 
been less consistent for glucose and/or insulin responses, with some showing 
significant reductions [89–91], while other have not [83, 86, 92–94]. Interestingly, 
the studies showing beneficial glycaemic effects with standing bouts have tended to 
be in more office-based environments, in overweight/obese adults and particularly in 
those with impaired glucose regulation [95]. 

There is some evidence to suggest that markers of insulin sensitivity may also be 
altered to exposures as short as 1 day of prolonged sedentary behaviour [96]. This 
evidence corroborates with reports of reduced glycaemic control and insulin action 
observed following longer periods of bed rest (at least 3 days) [16, 97–99] and 
3–14 days of reduced stepping [62, 64]. However, 3 days of interrupting prolonged 
sitting with regular light-intensity activity bouts (2 minutes every 20 minutes) had no 
sustained benefit for postprandial glucose and insulin responses beyond the first day 
[85]. The benefits associated with interrupting sitting on postprandial glucose and 
insulin responses are supported by meta-analytic evidence. Overall, frequent, short



bouts of light-intensity physical activity improve postprandial glucose responses by 
17.5% and insulin responses by 25.1% compared to prolonged sitting in healthy and 
metabolically impaired individuals [100]. With respect to the intensity of physical 
activity interruptions, both light- and moderate-intensity bouts improved postpran-
dial glucose and insulin responses, while standing interruptions did not significantly 
affected these responses [101, 102]. Interestingly, a pooled analysis using data from 
three randomised crossover trials that examined the postprandial blood glucose- and 
insulin-lowering effects of prolonged sitting versus sitting interrupted by regular 
brief activity breaks in overweight/obese adults who had normal or impaired glucose 
metabolism (two trials) or type 2 diabetes not treated by insulin (one trial) suggested 
that those with higher underlying levels of insulin resistance may derive greater 
metabolic benefits from regularly interrupting prolonged sitting than their healthier 
counterparts [103]. This finding has been corroborated by meta-analytic subgroup 
analysis indicating that benefits observed for glycemia were more prominent in 
metabolically impaired individuals [100, 104]. Moreover, body mass index (BMI) 
is significantly associated with postprandial glucose and insulin responses, as indi-
cated by meta-regressions [104], suggesting that the observed benefits are larger in 
individuals with overweight/obesity. Finally, both male and female can benefit from 
interrupting prolonged sitting; however, meta-analytic evidence [104] and original 
studies [105, 106] suggest that females may benefit more from this strategy when 
compared to their male counterparts. 
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There is still limited evidence regarding the mechanisms underpinning the 
glycaemic benefits of interrupting prolonged sitting. So far, only one research 
group reported differences in molecular signalling pathways in the skeletal muscle 
(vastus lateralis)  [107, 108]. Frequent, brief bouts of altered expression of ten genes 
involved in carbohydrate metabolism, including increased expression of dynein light 
chain, which may regulate translocation of the glucose transporter 4 (GLUT-4) 
[108]. Moreover, 1 day of interrupting prolonged sitting associated with an 
upregulation of the contraction stimulated, adenosine monophosphate-activated 
protein kinase (AMPK)-mediated glucose uptake pathway, while three consecutive 
days of interrupting sitting demonstrated a transition towards upregulation of the 
Akt-mediated insulin-sensitive glucose uptake pathway [107]. In the subcutaneous 
abdominal adipose tissue, the same research group showed that interrupting 
prolonged sitting with light- or moderate-intensity walking led to differential regu-
lation of adipose tissue metabolic networks and inflammatory pathways, increased 
insulin signalling, modulation of adipocyte cell cycle and facilitated crosstalk 
between adipose tissue and other organs [109]. Interestingly, upregulation of path-
ways involved in oxidative metabolism and immunity were greater for light-intensity 
interruptions, although moderate-intensity interruptions showed similar directional 
trends [109]. As for nutrient oxidation, De Jong et al. [110] showed, in people with 
overweight/obesity, that frequent interruptions in sitting time (5-minute bouts of 
brisk walking every hour for 9 hours) primarily relies upon carbohydrate as fuel over 
4 days of intervention. This suggests that the beneficial effect of interrupting 
sedentary time on glucose control is likely related to a greater reliance upon 
carbohydrate oxidation; importantly, this effect does not appear to be related to



energy expenditure and balance, but rather to increasing the frequency of muscle 
contractions spread across the day [110]. These initial mechanistic findings provide a 
basis by which interrupted sitting time improves glucose metabolism and insulin 
sensitivity. 
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Lipid responses: Findings from experimental studies examining the effects of 
interrupting prolonged sitting on fasting [73, 74] and postprandial plasma lipid 
responses [83, 85–87, 90, 91, 111–113] have been less consistent than that of 
glucose and insulin responses. In healthy young adults, a 30-minute continuous 
exercise bout in the morning was more effective for lowering postprandial triglyc-
eride responses than interrupting prolonged sitting time with regular walking bouts 
(~1.5-minute walking bouts every ~15–20 minutes for 8 to 9 hours in healthy adults 
and postmenopausal women [87, 112] or 5-minute brisk walking bouts every hour, 
for 9 hours, in people with overweight/obesity [110]) or with intermittent standing 
bouts (6 × 45 minutes) in healthy adults over a 2-day trial [86]. This lack of effect on 
triglycerides for brief activity bouts was also observed in interventions switching 
between sitting and standing every 30 minutes in overweight/obese sedentary adults 
[91], or interspersing sitting with brief standing or walking bouts every 20–-
30 minutes in normal-weight adults [83] or overweight/obese sedentary postmeno-
pausal women [90]. However, the later study by Henson et al. [90] observed that 
interrupting prolonged sitting with hourly standing and walking bouts attenuated the 
suppression of nonesterified fatty acids. Moreover, Kim et al. [111] showed reduc-
tions in postprandial triglycerides when prolonged sitting was interrupted with brief 
bouts of light-intensity walking of different durations, in sedentary type 2 diabetes 
patients and in young healthy individuals. Findings from repeated- or multiday 
exposures to sedentary behaviours [73, 74, 85, 91] have largely observed no effect 
on fasting lipids. Only one of these studies showed an effect on fasting plasma 
triglycerides and atherogenic lipoprotein levels (non-HDL-cholesterol and Apo B) in 
20 healthy university students [73]. In this study, participants were instructed to a 
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 consecutive days. Finally, one study investigated the 
effects of interrupting prolonged sitting on postprandial lipidomic profile of adults 
with type 2 diabetes. Grace et al. [114] showed that light-intensity walking and 
simple resistance activities interruptions were associated with reductions in lipids 
related to inflammation, increased concentrations of lipids related to antioxidant 
capacity and differential changes in species related to platelet activation. 

Discrepancies in results from animal and bed rest studies and between studies 
utilising a prolonged sitting approach for lipid responses is unclear. Findings appear 
to be influenced by the populations studied, as well as the experimental designs, 
meals and/or interventions utilised, highlighting the complex interplay these factors 
may have on lipid metabolism. As mentioned previously, studies in animals have 
reported reductions in LPL activity with prolonged immobility [25], while a signif-
icant decrease in LPL activity was accompanied by increases in plasma VLDL 
triglycerides and decreases in HDL following 20 days bed rest in healthy participants 
[99]. However, in the human studies where prolonged sitting was interrupted, the 
activity stimulus (standing vs. regular activity breaks vs. a continuous bout) or the



duration of studies may not have been sufficient to induce changes in triglyceride 
metabolism, which can be more delayed and vary depending upon the meal com-
position (i.e. high fat vs. high glucose) [115, 116] or population studied 
(i.e. healthy vs. obese vs. type 2 diabetes) [117]. 
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Ultimately, meta-analytic evidence has also been inconsistent, with two meta-
analyses indicating no effect of interruptions of prolonged sitting on postprandial 
triglycerides levels [100, 101] and one meta-analysis indicating a small but signif-
icant effect, which was driven by multiday studies [104]. Moreover, subgroup 
analysis and meta-regressions also indicated that the intensity of physical activity 
interruptions, meal composition and BMI do not seem to affect triglycerides 
responses [101]. 

In summary, compelling evidence suggest that frequent, short interruptions to 
prolonged sitting improves postprandial glucose and insulin responses compared to 
prolonged sitting. However, results related to postprandial triglycerides responses 
are inconsistent, with the majority of the evidence suggesting the absence of acute 
effects of physical activity interruptions on this cardiometabolic marker. Caution is 
warranted when interpreting these results, as most studies presented herein have 
been acute in nature, precluding inferences about longer-term exposures. 

5.6 Effects of Sedentary Behaviour on Cardiovascular 
Function 

Higher sitting time has been associated with an increased risk of cardiovascular 
disease and all-cause mortality [71]. For further detail, please refer to Chaps. 8 and 
14. However, compared to the number of acute experimental studies on postprandial 
metabolism, there are far fewer randomised experimental studies that have examined 
the physiological effects of prolonged sitting on cardiovascular function and/or risk 
markers [83, 118–124]. Nonetheless, experimental studies that have included 
prolonged sitting exposures are starting to provide an interesting picture of the 
marked vulnerability of the vasculature to prolonged sitting. 

Haemodynamic: In contrast to standing or lying down, a seated posture creates 
bends in major blood vessels, such as the femoral and popliteal arteries in the legs. 
Bends in these arteries may exhibit turbulent blood flow patterns that have been 
linked to atherosclerosis [125, 126]. Moreover, prolonged sitting does not promote 
skeletal muscle contractions (which aid in venous return via the muscle pump), nor 
does it promote blood flow or vascular shear stress—physiological stressors that may 
underlie the health benefits of activity on the endothelium [127]. Increased hydro-
static pressure within the leg vasculature due to prolonged gravitational forces may 
also cause blood to pool within the venous circulation [121]. Indeed, in healthy and 
metabolically impaired individuals, shear rate (an estimate of shear stress without 
adjustment for blood viscosity) in the lower limbs (assessed in femoral, popliteal or 
tibial arteries), but not in the upper limbs, is reduced after only 30 minutes of sitting



[120, 128]. By ~2 hours, blood pools in the calf and whole-blood leg viscosity are 
reduced [118]. After 3 hours, lower limb blood flow decreases along with a more 
pronounced reduction in shear rate [128]. Greater than 3 hours of sitting has been 
shown to increase cardiovascular risk markers of total peripheral resistance, systolic 
and diastolic blood pressure and mean arterial pressure (in the arm and leg) 
[120, 122]. Increases in lower leg and foot venous pressure/swelling have also 
been observed, which has potential implications for the regulation of capillary 
fluid filtration and oedema formation in the feet [129]. Interestingly, these latter 
effects were shown to be largely attenuated with modest leg activity while seated for 
8 hours [130]. 
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To date, 16 experimental studies have examined the impact of interrupting sitting 
time on blood pressure responses [131]. In young-healthy individuals, Younger et al. 
[124] observed significant increases in mean arterial pressure over 5 hours of 
prolonged sitting. However, a recent meta-analysis suggests no impact of prolonged 
sitting on mean arterial pressure in healthy and metabolically impaired populations 
[128]. With respect to the effects of interrupting prolonged sitting, Younger et al. 
[124] and Bailey et al. [83] showed significant blood pressure changes when sitting 
was interrupted with 2-minute intermittent walking/standing bouts or a continuous 
30-minute bout of exercise. In contrast, Larsen et al. [119] recently reported, in 
inactive overweight/obese adults, that interrupting sitting time with brief bouts of 
either light or moderate intensity walking significantly lowered resting systolic and 
diastolic by ~2–3 mmHg. Moreover, it was recently reported in overweight/obese 
adults that accumulating 2.5 hours of standing or light-intensity physical activity 
during an 8-hour workday equally improved ambulatory blood pressure during and 
after work hours, compared to prolonged sitting [132]. The latter two studies are 
suggestive that interrupting prolonged sitting may disturb the haemodynamic and 
potentially hypertensive impact of prolonged sitting in older and more at risk 
populations. 

A systematic review showed that one out of six studies found significant reduc-
tions in blood pressure responses following standing interruptions to prolonged 
sitting, whereas five out of nine and two out of three studies found significant 
improvements on blood pressure responses following light- and moderate-intensity 
walking interruptions, respectively, in individuals at risk for type 2 diabetes 
[131]. Due to the limited number of studies, it is not clear whether these effects 
are population dependent. Therefore, further studies are warranted, particularly in 
at-risk populations or individuals with chronic diseases such as hypertension, type 
2 diabetes and cardiovascular disease, as most studies have focused on healthy, 
young individuals. 

The risk of thrombosis: Deep vein thrombosis is a well-known and potentially 
life-threatening condition that has been linked to prolonged sitting, particularly 
during airplane travel (which may also be influenced by low humidity, reduced air 
pressure and relative hypoxia) [133–136] and more recently to people in office 
environments [137–139]. The mechanisms for the relationship of prolonged sitting 
with deep vein thrombosis, while unresolved, are likely related to alterations in 
venous haemodynamic, a loss of plasma volume, increased blood viscosity and



reduced venous return (i.e. venous stasis)—which can increase the risk of 
hypercoagulation and blood clot formation in the lower limbs [140–142]. Venous 
stasis is also characterised by alterations in key blood viscosity parameters that 
influence blood flow, including plasma fibrinogen, haematocrit, haemoglobin, red 
blood cell count and reduced plasma volume [143, 144]. There is also some evidence 
in both rats and humans suggesting that muscle inactivity may contribute to 
haemostatic disorders, independent of decreased blood flow, via genes suppressed 
locally in muscles such as LPP1—a gene known for its role in degrading 
prothrombotic and proinflammatory lysophospholipids [145]. Interestingly, despite 
limited evidence of preventive effects from exercise training per se, recent studies 
suggest that frequent localised muscle contractions, simple foot movements [145– 
149], or brief walking interruptions in prolonged sitting time may play an important 
role in improving leg blood flow [128] and haemostatic and/or pro-coagulant risk 
factors [150]. 
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Vascular function: Endothelial dysfunction (the inability of the blood vessels to 
dilate appropriately) is a mechanism that is postulated to unify the aetiology of type 
2 diabetes and cardiovascular disease [151, 152]. Persistent inactivity over time may 
mediate oxidative stress and endothelial dysfunction [153, 154]. Indeed, reduced 
daily steps (from >10,000 to <5000 steps) impairs popliteal artery flow-mediated 
dilatation (FMD—indicative of macrovascular dilator function) and highlights the 
beneficial vascular effects of being physically active [61]. However, three recent 
well-controlled studies have also provided evidence on the potential effects of 
prolonged sitting on vascular function [120, 121, 123]. Padilla et al. [120] observed 
that 3 hours of sitting attenuated popliteal artery shear; however, this observed 
reduction in shear rate was not paralleled by a concomitant reduction in FMD (albeit 
measured in the supine position). In contrast, Thosar et al. [123] reported a reduction 
in FMD (measured this time in the seated position for all measurements) for the 
superficial femoral artery (lower limbs), but not the brachial artery (arms), following 
3 hours of uninterrupted sitting. This was paralleled by a decline in mean and 
antegrade shear rate, and notably, the decline in FMD was prevented when sitting 
time was interrupted each hour by brief, 5-minute bouts of light-intensity walking. 

Using both FMD and reactive hyperaemia to isolate the effects on macro- and 
microvascular function, Restaino et al. [121] provided further insights, demonstrat-
ing that prolonged sitting differentially influences vascular function in a limb-
specific manner. They showed that 6 hours of uninterrupted sitting impairs micro-
vascular dilator function (via hyperaemic blood flow responses to cuff occlusion— 
indicative of microvascular reactivity) in both the upper and lower limbs, but that 
only lower limb FMD was impaired. This may have been related to the fact that 
participants were allowed some upper limb movement or that shear stress of the 
brachial artery does not fluctuate dramatically between light activity and sitting 
conditions. Importantly, measurements were also completed after participants had 
walked for 10 minutes at a self-selected pace. 

These results are supported by meta-analytic evidence suggesting that an expo-
sure to prolonged sitting results in a reduction in lower limb vascular function, but 
not upper-limb [128, 155]. While no significant reductions were observed for shorter



exposures (less than 2 hours of prolonged sitting), there was a clear trend for lower 
limb FMD to decline as exposure to prolonged sitting increased [128]. Importantly, 
the prolonged sitting-induced reduction in lower limb FMD was significant in heathy 
individuals but not in metabolically impaired individuals [128]. 
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Only eight studies to date have examined the impact of interrupting sitting time 
on FMD [123, 156–162], and, so far, three meta-analyses have summarised available 
evidence. Two of those indicate that vascular dysfunction can be prevented by 
simply interrupting prolonged sitting with aerobic or simple resistance activities 
[155, 163]. However, the most recent meta-analysis suggests only a small but 
nonsignificant effects of physical activity interruptions on FMD [128]. Nonetheless, 
further studies are warranted, particularly in at-risk populations or individuals with 
chronic diseases, as most studies (six out of the eight available studies) have focused 
on healthy, young individuals. 

Cardiorespiratory fitness: As previously noted, acute and persistent 
haemodynamic and vascular responses may ultimately exert influence on longer-
term cardiovascular structural adaptations and cardiorespiratory fitness (VO2max) 
[164, 165]. However, limited interventional evidence exists for changes in these 
longer-term cardiovascular outcomes in relation to prolonged sitting. In a small, 
12-week, 4-condition, pilot intervention study in 57 sedentary, overweight/obese 
men and women, Keadle et al. [166] uniquely examined the independent and 
combined effects of exercise training and reducing sedentary behaviour on 
cardiometabolic risk factors, including VO2max. The four conditions included 
(1) EX: 40-minute moderate exercise session, 5 days/week; (2) rST: reduce ST 
and increase light-intensity physical activity; (3) EX-rST: a combination of EX 
and rST; and (4) maintain behaviour (control). Compared to control, both the EX 
and EX-rST significantly improved VO2max (9.3% and 11.8%, respectively); how-
ever, the rST group alone was not significantly improved. For perspective, these 
improvements in VO2max during the EX and EX-rST conditions were similar in 
magnitude to reductions observed in young healthy men when asked to drastically 
reduce their daily physical activity for a period of 14 days [64, 167]. These findings 
reinforce the notion that improvements in VO2max are specific to the intensity of the 
physical activity employed. However, it was interesting to note that replacing 
sedentary time (measured by inclinometer; mean decrease ~50 min/day) with more 
light-intensity physical activity (rST) was sufficient to at least maintain VO2max 

levels. Given that VO2max is a strong predictor of early mortality and disease risk 
[168, 169], these findings may hold important relevance for the ageing population 
with low levels of moderate-to-vigorous intensity physical activity. Nonetheless, 
more data are certainly needed to determine to what extent reducing sedentary time 
with activities in lower intensities (e.g. light-intensity walking) are effective at 
improving or at least maintaining VO2max levels in the long term (years), particularly 
in older adults and individuals at-risk for or with chronic diseases or physically 
inactive. 

In summary, prolonged sitting appears to be linked with a number of factors that 
may predispose to thrombotic and/or cardiovascular disease risk, including a ten-
dency for low blood flow and vascular shear stress, decreased endothelial function



and increased venous stasis/pooling, blood pressure and pro-coagulation factors. 
Preliminary evidence highlights the potential importance of replacing prolonged 
periods of uninterrupted sitting with regular physical movement to attenuate some 
of these factors. However, the majority of studies to date have been acute in nature, 
precluding inferences about longer-term exposures. In addition, studies have mostly 
been conducted in healthy young male participants to avoid hormonal influences. 
Further studies in a range of population groups and in ecologically valid settings are 
still required. 
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5.7 Immunologic and Inflammatory Responses 
to Sedentary Behaviour 

Chronic low-grade inflammation has been implicated in the pathogenesis of numer-
ous chronic diseases, particularly type 2 diabetes and cardiovascular disease [170– 
172]. Observational studies in healthy individuals and those with or at risk of type 
2 diabetes have reported associations between self-reported and accelerometer-
derived sedentary behaviour and multiple adipokines (hormones released from 
adipose tissue) including C-reactive protein (CRP), interleukin-6 (IL-6), leptin, 
leptin/adiponectin ratio and tumour necrosis factor-alpha (TNF-α) [173–178], inde-
pendent of time spent in moderate-to-vigorous intensity physical activity. Moreover, 
higher self-reported screen and sitting time have also been associated with shorter 
telomere length [179, 180]. Telomeres (repetitive sequences of non-coding DNA 
that protect chromosomes from damage) undergo erosion as a result of cell division, 
systemic oxidative stress and inflammation, and thus serve as a potential indicator of 
cellular ageing and cardiovascular disease risk. To date, the reported relationships 
between sedentary behaviour and inflammation are complicated by crude measure-
ments of sedentary time and the potential mediating influences of numerous other 
factors (e.g. moderate-to-vigorous intensity physical activity, dietary habits). Accel-
erated abdominal obesity is a key potential confounder [181], which has been linked 
with inactivity and sedentary behaviour in numerous observational studies [182– 
185]. 

Evidence remains limited concerning the effects of exposures to prolonged sitting 
on inflammatory markers. To date, two studies suggest that acute exposure to 
prolonged sitting (3–5 hours) increases IL-6 levels in both apparently healthy 
individuals [186] and adults with central obesity [187], whereas another study 
suggest no significant changes in IL-6 levels following 7 hours of prolonged sitting 
[188]. Moreover, IL-6 responses were not affected by frequent, brief light- and 
moderate-intensity walking interruptions to sitting [187–189]. Pinto et al. [189] 
showed, in post-menopausal women with rheumatoid arthritis, that frequent, brief 
light-intensity walking interruptions decreased plasma IL-1β and IL-10 concentra-
tions and increased IL-1ra concentrations when compared to 8 hours of prolonged 
sitting, a response that was not observed with the traditional single 30-minute bout of



moderate-to-vigorous intensity exercise [189]. These results suggest that physical 
activity interruptions could be a potential immunoregulatory tool to attenuate the 
inflammatory milieu in a disease characterised by chronic high-grade systemic 
inflammation. Further studies are needed to determine whether acute adjustments 
in inflammatory markers in response to prolonged sitting and physical activity 
interruptions translate into chronic adaptations. 
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Longer-term intervention studies examining sedentary behaviour and inflamma-
tory outcomes are needed to elucidate the mechanisms specifically linking sedentary 
behaviour to chronic inflammatory-related diseases and to help inform the likelihood 
of causality. Moreover, determining whether specific modifications in sedentary 
time with light-intensity physical activity have distinct anti-inflammatory effects 
alongside changes in diet, moderate-to-vigorous intensity physical activity, adiposity 
and other co-inflammatory factors will also be important. These studies will be 
challenging to conduct and interpret given the longer observation periods required 
to observe changes, the numerous potential influencers on inflammatory markers 
over time and the relatively subtle/variable nature of sedentary behaviours in this 
context. 

5.8 Effects of Sedentary Behaviour on Hormonal 
Regulation of Appetite, Dietary Intake and Energy 
Balance 

Appetite regulation is complex and highly variable between individuals, involving 
psychological factors such as perceptions of hunger and satiety, which interact with 
fluctuations in hormones related to energy balance (i.e. the difference between 
energy intake and energy expenditures) and appetite regulation. On a meal-to-meal 
basis, food intake is regulated by several secreted peptide hormones. These include 
acylated ghrelin—the only known circulating orexigenic (appetite-stimulating) 
hormone—and a number of anorexigenic (appetite-inhibiting) hormones, such as 
peptide-YY (PYY), glucagon-like peptide-1, cholecystokinin and oxyntomodulin 
[190, 191]. 

The relationship between sedentary behaviour, physical activity and appetite 
regulation has potentially important implications for weight management. Physical 
activity is known to alter hunger and satiety perceptions (termed ‘exercise-induced 
anorexia’), as well as suppress acylated ghrelin and increase PYY in the hours 
following an exercise bout [192]. A meta-analysis [193] indicated that young-
healthy individuals tend not to compensate for the energy expended by altering 
food intake in the immediate hours after physical activity, suggesting it subsequently 
induces a transient negative energy balance. Further, the authors also observed that 
inactive individuals were more likely to experience appetite suppression immedi-
ately after physical activity, suggesting that inactivity may differentially influence 
appetite regulation.
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There is emerging evidence that sedentary behaviours not only influence appetite 
and energy intake but also the hedonic and rewarding aspects of feeding behaviours. 
Examples of potential links include television advertisements, snacking and video 
games and food cravings in adolescents [194]. However, relative to studies of 
physical activity, much less is known about the impact of sedentary behaviours 
per se on appetite regulation and energy balance. Granados et al. [195] showed that 
1 day of sitting decreased energy expenditure without a reduction in appetite, 
suggesting this would favour a positive energy balance and subsequent weight 
gain. This is consistent with Stubbs et al. [196], who observed no compensatory 
decline in ad libitum food intake in response to large reductions in energy expendi-
ture. However, these findings are contrary to some bed rest studies in lean adults 
conducted over 2 months, where energy balance was maintained due to a spontane-
ous lowering of energy intake to match lower expenditure [197]. 

At present, we are aware of only four randomised crossover studies that have 
examined appetite and appetite-regulating hormone responses when interrupting 
prolonged sitting [198, 199]. In young obese participants with impaired fasting 
glucose, Holmstrup et al. [199] compared objective measures of satiety when 
participants consumed liquid meals every 2 hours over a 12 hours period and 
completed hourly 5-minute bouts of intermittent walking versus an energy matched 
1-hour bout of walking in the morning. The intermittent bouts of walking lead to 
lower perceived hunger and increased satiety in the mid-afternoon hours, but the 
finding did not track with changes in PYY levels between conditions. Bergouignan 
et al. [200] showed no differences in hunger and desire of food consumption, but 
lower food cravings, after a 7.5-hour trial with regular, brief moderate-intensity 
walking interruptions and 2 meals (breakfast and lunch) compared to prolonged 
sitting in healthy, nonobese participants. In a shorter duration trial (5 hours) with a 
single test drink, Bailey et al. [198] observed no significant differences between 
condition for hunger, satiety or circulating gut hormone concentrations (total PYY 
and acylated ghrelin) when sedentary participants interrupted prolonged sitting time 
with 2-minute bouts of light- or moderate-intensity walking every 20 minutes. 
Interestingly, participants were also provided with a test meal (pasta) at the end of 
each condition, but no differences in ad libitum food intake were observed between 
conditions, which could have implications for longer term energy balance and 
weight management. Similarly, Mete et al. [201] showed that performing regular 
physical activity interruptions did not affect appetite response nor did it affect ad 
libitum intake of a meal when compared to prolonged sitting over a 2-day interven-
tion period. However, longer-term studies would be required to elucidate this. 
Finally, in the short-term (4 weeks), reducing prolonged sitting time (-21%) with 
standing bouts at work resulted in reduced appetite and dietary intake in sedentary 
office workers [202].
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5.9 Musculoskeletal Consequences of Sedentary Behaviour 

It is easy to assume through anecdote that a strong relationship exists between a stiff 
lower back and long-distance travel or a long day at work. This may provide 
managerial staff or employees with sufficient incentive to seek alternate arrange-
ments (e.g. sit-stand or treadmill desks) at work for both perceived comfort and 
productivity reasons [203, 204] and potential employee litigation issues. In some 
cases, this may be reasonable, as musculoskeletal disorders have been linked to 
sedentary work, specifically those of the hand and wrist, neck, upper back and lower 
back [204–209]. In addition, greater amounts of sedentary time have been associated 
with lower femoral bone mineral content and density levels in older women when 
controlling for physical activity, raising the possibility that reducing sedentary time 
with light-intensity activity could help lessen/maintain aging induced bone loss 
[210]. However, the evidence on sitting behaviours per se (as opposed to behaviours 
associated specifically with office work and computer use) and musculoskeletal 
issues is largely imprecise, anecdotal and thus equivocal at present. For example, 
despite suggestions of increased spinal loading and risk of disk herniation during 
sitting [211], a systematic review found no evidence for an association between 
leisure time sitting and low back pain [212]. 

Findings are also mixed in the occupational setting, with some systematic reviews 
[213, 214] showing associations between occupational sitting and musculoskeletal 
issues (e.g. neck and back pain) while others have shown no association [215– 
218]. It may be that static sitting or standing positions impact individuals in a variety 
of ways depending on their specific musculoskeletal pain, suggesting that in many 
cases transitioning between the two postures may be a preferable option to avoid 
musculoskeletal discomfort and fatigue [219–221], as meta-analytic evidence also 
suggests that acute prolonged standing results in musculoskeletal symptoms in the 
low back and lower extremities [222] and that ‘substantial’ occupational standing 
associated with low back symptoms episodes (odds ratio: 1.3 (95% confidence 
interval: 1.1 to 1.6)) [223]. In summary, there is at present preliminary but incon-
sistent observational evidence that prolonged sitting is associated with musculoskel-
etal issues. 

Overall, experimental studies indicate that exposure to prolonged sitting increases 
perceived pain/discomfort [224, 225] and fatigue [188, 200, 224, 226, 227]. Inter-
estingly, Kowalsky et al. [224] showed that participants reported lower upper and 
lower back discomfort, but higher leg discomfort, when performing 30-minute bouts 
of standing every 30 minutes of sitting compared to prolonged sitting. Participants in 
this study were highly inactive and not conditioned to use sit-stand desks, indicating 
that acute exposure to low-intensity interruptions to prolonged sitting may increase 
musculoskeletal discomfort in selected sites in populations that are not familiar with 
the activity protocol being tested. In contrast, interrupting sitting with standing or 
physical activity (cycling, simple resistance activities, light- and moderate-intensity 
walking) counteracts the observed increases in musculoskeletal pain/discomfort 
[224, 225] and fatigue [188, 200, 226] associated with prolonged sitting across



different populations (healthy, normal weight adults, adults with overweight and 
obesity and adults and older adults with type 2 diabetes). Nonetheless, more high-
quality evidence from longitudinal and longer-term interventional studies using both 
valid and context-specific and measures of sitting patterns and musculoskeletal 
health is still required. 
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5.10 Effects of Sedentary Behaviour on Brain and Nervous 
System Function 

Physical activity acts on multiple pathways to elicit improvements in brain health 
[228]. However, most randomised controlled trials supporting the benefits of phys-
ical activity for brain function have focused on moderate-to-vigorous intensity 
physical activity [229, 230]. Much less attention has been given to time spent in 
sedentary behaviour, but early evidence hints to a potential detrimental effect of 
sedentary activities on brain function [231, 232]. Additionally, time spent in seden-
tary behaviour has been associated with decreased cerebral blood flow [233, 234] 
and impaired glucose and lipid metabolism [100, 101, 104], which are recognised as 
contributors to cognitive decline and dementia [235–238]. 

At present, we are aware of only three randomised crossover studies that have 
examined cerebral blood flow responses when interrupting prolonged sitting. Carter 
et al. [233] showed that 2-minute walking interruptions every 30 minutes of sitting 
increased middle cerebral artery blood flow velocity in healthy desk workers when 
compared to prolonged sitting over a 4-hour intervention period. However, when 
walking interruptions were performed in 8-minute bouts every 120 minutes, middle 
cerebral artery blood flow velocity was higher during interruptions, but not during 
the 4-hour intervention protocol, when compared to prolonged sitting [233], indi-
cating that more frequent interruptions to sitting may be more effective in 
counteracting sitting-induced reductions in cerebral blood flow. In contrast, Wheeler 
et al. [234] showed that a single 30-minute bout of exercise increased middle 
cerebral artery blood flow velocity in healthy older adults compared to prolonged 
sitting. However, adding regular light-intensity walking interruptions to the bout of 
exercise did not counteract the decrease in mean middle cerebral artery blood flow 
velocity over the 7.5-hour period following exercise [234]. In older adults, 3 hours of 
sitting did not change cerebral blood flow but increased blood pressure and cere-
brovascular resistance, which are known to negatively impact brain health in the 
long term. These outcomes were not affected by frequent walking interruptions to 
sitting [239]. Finally, in middle-aged inactive adults, Bojsen-Møller et al. [240] 
showed that 3-minute bouts of simple resistance activities every 30 minutes of sitting 
increased corticospinal excitability compared to prolonged sitting (3 hours), 
suggesting that frequent, brief activity interruptions may promote corticospinal 
neuroplasticity.
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An increasing number of studies have focused on the impact of interrupting 
prolonged sitting on cognitive performance and mental fatigue. So far, results have 
been inconsistent, which might be at least partially attributed to the high heteroge-
neity of population studied (e.g. healthy office workers, individuals with overweight 
and obesity, older adults, etc.), activity interruptions protocol (e.g. standing, light-
and moderate-intensity walking, simple resistance activities, interruptions combined 
with exercise) and outcome assessment (e.g. questionnaire vs. computer software, 
performing a familiarisation vs. not performing it). Overall, interrupting sitting has 
been shown to improve outcomes related to cognitive function, namely, attention 
[227], executive function [227], working memory (interruptions to sitting alone 
[241] or combined with exercise [242]), psychomotor function and attention [241], 
in three studies. However, six other studies suggest no effects of interrupting sitting 
on outcomes related to cognitive performance [188, 200, 243–245] and mental 
fatigue [224]. Nonetheless, no studies showed detrimental effects of interrupting 
sitting on cognitive performance, supporting the feasibility of performing this 
strategy during cognitive-based tasks. 

To summarise, evidence on the effects of sedentary behaviour on brain function 
and cognitive performance remains scarce and inconclusive. Therefore, more studies 
investigating the association between sedentary behaviour and brain health are 
needed, specifically high-quality studies attempting to tease out the independent 
effects of sedentary behaviour from physical activity using objective measures. Also 
of importance is longer-term interventional studies using both valid and context-
specific measures of sedentary behaviour to better understand the impact of 
(interrupting) prolonged sitting on brain health. 

5.11 Chronic Effects of Reducing Sedentary Behaviour 
on Health-Related Outcomes 

Sedentary behaviour research focused on longer-term interventions has grown 
exponentially in the past few years. Overall, meta-analytic evidence suggests that 
interventions focused on reducing sedentary behaviour are effective in reducing 
mean time spent in this behaviour by ~30 min/day in free-living conditions [246– 
249] and by ~40 min/8-hour workday in the workplace [250], which is considered a 
relatively small effect and the clinical and public health impact of such reductions is 
currently unknown. Of note, efficacy for short- to long-term interventions aimed at 
reducing/interrupting sedentary behaviour is highly variable between studies, which 
can be at least partially explained by study design and quality, intervention charac-
teristics (aim/focus, strategy, setting, follow-up duration), population, outcomes 
assessment and type/assessment of sedentary behaviour [247–250]. In summary, 
there is a need for more high-quality randomised controlled studies with larger 
sample sizes and longer follow-up periods involving healthy, at-risk and clinical



populations, so we can draw better conclusions regarding the efficacy of interven-
tions aimed at reducing and interrupting prolonged sedentary behaviours. 
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Although the primary focus of chronic sedentary behaviour studies has been on 
the behavioural efficacy of the proposed interventions, some studies have also 
focused on the impact of reducing sedentary time in health-related outcomes. 
Hadgraft et al. [251] conducted a systematic review with meta-analysis to examine 
the effectiveness of intervention targeting sedentary behaviour on markers 
cardiometabolic risk. Pooled effects revealed a small, significant beneficial effects 
of reducing sedentary time on weight (~-0.6 kg), waist circumference (~-0.7 cm), 
percentage body fat (~ -0.3%), systolic blood pressure (~ -1.1 mmHg), insulin (~
-1.4 pM) and HDL-cholesterol (~ 0.04 mM) [251]. In a meta-analysis including 
only clinical populations (overweight/obesity, type 2 diabetes, cardiovascular, neu-
rological/cognitive and musculoskeletal diseases), reducing sedentary time (-
64 min/day) decreased glycated haemoglobin (-0.17%), percentage body fat (-
0.66%) and waist circumference (-1.52 cm) [252]. Finally, meta-analytic evidence 
suggests that mid- to long-term (8 to 16 weeks) reductions in sedentary behaviour 
result in an increase in FMD (i.e. vascular function; 0.93%FMD) [163]. As for 
interventions focused on replacing sedentary time with standing, meta-analytic 
evidence suggests slight but significant reductions on fasting glucose (-2.53 mg/ 
dL) and body fat mass (-0.75 kg) [95]. 

Overall, there is evidence of effectiveness for improving some cardiometabolic 
risk factors to a small degree. However, there is still limited evidence to evaluate 
other health-related outcomes, namely, inflammatory markers, brain function and 
cognitive performance, musculoskeletal function and symptoms and cardiorespira-
tory capacity. Key limitations of the available body of evidence include a paucity of 
high-quality intervention studies with longer follow-up periods and inclusion of 
clinical populations. The magnitude of changes in sedentary time that are necessary 
to elicit improvements in cardiometabolic risk factors is also not clear, nor if there is 
a dose-response between reduction in time spent sitting and improvements in health-
related outcomes. Further studies are required to address these limitations and 
elucidate these questions, which may involve harmonisation of individual-
participant data and controlling for participants’ physical activity level (including 
participation in both light-intensity and moderate-to-vigorous intensity physical 
activity). 

5.12 Conclusions: Research Needs and Future 
Opportunities 

The science of sedentary behaviour, while still emergent from a physiological 
perspective, is beginning to highlight the potential role that all aspects along the 
human movement continuum (see Fig. 5.1) can play in influencing physiology. As 
illustrated conceptually in Fig. 5.2, prolonged sitting may exert specific



physiological effects; however, much remains to be understood and clarified. To 
date, evidence on the physiological effects of prolonged sitting exposures and the 
potential impact of reducing and interrupting these periods raises several pertinent 
questions, research needs and opportunities. These include (1) how sedentary 
behaviour research models can complement the already vast knowledge base on 
physical inactivity; (2) the independent effects of sedentary behaviour on acute/ 
chronic physiological processes or health outcomes and the specific mechanisms 
involved; and (3) how our evolving knowledge about sedentary behaviour and light-
intensity physical activity can inform interventions and future public health recom-
mendations. Hereafter, we provide a perspective on some of the priority areas for 
future work in sedentary physiology. 
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5.12.1 A Need for More Mechanistic Studies and Chronic 
Interventions 

It has been proposed that sedentary behaviour influences health outcomes through 
some mechanisms that are independent from those related to a lack of moderate-to-
vigorous intensity physical activity [26, 253]. Thus, understanding the specific 
physiological mechanisms underlying the associations between sedentary behaviour 
and adverse health outcomes remains an important area for future research 
[15]. Moreover, there is critical need for exposures to prolonged sitting time to be 
tested in longer-term interventions to provide more concrete evidence pertinent to 
chronic disease risk. Studies to date illustrate the short-term peripheral effects of 
engaging in prolonged sitting and how they may be mitigated even with light-
intensity physical activity. However, more robust data on both the direct and indirect 
underlying cellular and molecular mechanisms associated with prolonged sitting and 
risk of disease/mortality will be garnered through the collection of tissue samples 
(e.g. muscle, bone, adipose tissue), including more direct and integrated physiolog-
ical measurements (e.g. metabolic, vascular, magnetic resonance imaging), rather 
than surrogate markers. As examples, alterations in skeletal muscle insulin signalling 
[107] and gene expression associated with tissue-specific and small-molecule bio-
chemistry, cellular development, growth and proliferation and carbohydrate metab-
olism [108] have been observed overweight/obese adults when prolonged sitting is 
interrupted with regular activity bouts. Additionally, alterations in the subcutaneous 
abdominal adipose tissue gene expression related to regulation of adipose tissue 
metabolic networks and inflammatory pathways, increased insulin signalling, mod-
ulation of adipocyte cell cycle and facilitated crosstalk between adipose tissue and 
other organs have been reported in the same population group and interruption 
strategy [109]. Further analyses of this nature will provide valuable insights on the 
site-specific regulatory systems and cellular and molecular processes underlying the 
physiological effects of prolonged sitting.
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5.12.2 A Need for Studies Assessing Novel Outcomes 
and Modulators Related to Sedentary Behaviour 
and Light-Intensity Physical Activity 

Based on the acute evidence to date, it is likely that the associations between 
sedentary behaviours and health outcomes will be dependent upon the health or 
physiological outcome measured and the population subsets involved, meaning 
future sedentary behaviour interventions and guidelines may have to be more specific 
to the key priorities and needs of the target population. With this in mind, it will also 
be important to move beyond cardiometabolic health concerns and uncover oppor-
tunities for collaborations between various areas of physiological expertise to gain a 
more integrated understanding. These could include, to name a few, integrative 
studies across metabolism, vascular physiology, molecular mediators, ‘omics’ tech-
nologies, central and peripheral neural effects, inflammation and musculoskeletal, 
bone health and cognitive effects. Such collaborations would allow for the assess-
ment of novel markers of ageing, musculoskeletal and brain health, along with other 
clinical markers. 

5.12.3 A Need to Identify Dose-Response Relationships 
and Optimal Physical Activity Patterns 

While it is often more pragmatic to study specific activities within the physical 
activity spectrum in isolation, in day-to-day living, exercise, physical activity and 
sitting do not occur in isolation from each other. Thus, fundamental and pragmatic 
questions at the core of sedentary behaviour research include (1) what duration of 
sitting is too much and, importantly, (2) how often and with what activities should 
prolonged sitting time be replaced (e.g. ‘Is just standing enough, or do I need to 
move/ambulate?’). (3) Do those who fail to meet the moderate-to-vigorous intensity 
physical activity guidelines, but who engage in large volumes of light activity, have 
more favourable health outcomes than those who meet moderate-to-vigorous inten-
sity physical activity guidelines but sit for much of the day (e.g. the active office-
based commuter)? Furthermore, what is the ‘ideal’ pattern of active and sedentary 
behaviours? 

These questions are inevitably complex, as the ‘ideal’ patterning of sedentary and 
physical activity behaviours is likely to be based on the requirements (i.e. outcomes 
of most interest to the individual), context and activity/health status of the subpop-
ulation, rather than ‘one-size-fits-all’ approach. However, in terms of potential 
solutions applicable to the population, it may be that certain minimal combinations 
or criterion of mode or posture (e.g. active sitting, fidgeting, acute or extended 
postural changes, standing, activities involving resistance and/or sit-to-stand transi-
tions), volume or intensity (e.g. light-intensity physical activity and/or moderate-to-
vigorous intensity physical activity) or patterning (e.g. activity bout, active around



meals and/or standing length/accumulation) of physical movement are all that is 
required to derive some minimum, or optimum, physiological and health benefit. As 
an example, given that increasing both time spent in light-intensity activity (reducing 
sedentary time) and moderate-to-vigorous intensity physical activity seem to be 
acutely beneficial for glycaemic control, a logical next step could be to establish 
whether certain combinations of both behaviours has the potential to optimise 
glycaemic control [70]. However, one must also be cognisant that each physiological 
outcome measure may require different doses and types of intervention. In other 
words, whereas modifying sitting behaviour with light activity may positively affect 
glycaemic control, it may have less efficacy for improving outcomes that rely on 
‘working the system’ at higher intensities, such as cardiorespiratory fitness. 
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Epidemiological studies findings highlight the interdependent and potentially 
synergistic nature of active and sedentary behaviours [8, 10, 12]. Although exper-
imental research on this topic remains scarce, recent studies are showing the 
interactive effects of sedentary and active behaviours on health outcomes. Akins 
et al. [254] showed that a short exposure (4 days) to a highly sedentary and inactive 
lifestyle (~13.5 h/day of sitting and <4000 steps/day) prevented the traditional 
metabolic benefits (improvements on postprandial plasma glucose, insulin and tri-
glycerides responses) derived from an acute 1-hour bout of exercise in healthy, 
young individuals. Similarly, Kim et al. [255] demonstrated that a 4-day exposure to 
prolonged sitting, using a similar experimental protocol, resulted in increased post-
prandial plasma triglycerides response regardless of energy balance, which was not 
attenuated by a single 1-hour bout of exercise. Importantly, this response was not 
observed in the condition in which participants engaged in low sedentary time 
(~8.4 h/day) and high time spent standing and in light-intensity physical activity 
(~17,000 steps) [255]. Additionally, daily levels of light-intensity physical activity 
were shown to be an independent predictor of improvements in VO2max after an 
8-week training program. Of note, baseline light-intensity physical activity also 
negatively associated with VO2max [256]. Altogether these studies suggest that 
everyday life activities (i.e. sedentary behaviour and light-intensity physical activity) 
may impact ‘trainability’ (i.e. the capacity of an individual to benefit from exercise 
training). Further randomised controlled trials and longer-term interventions focused 
on identifying what are the differential, additive and/or interacting effects of active 
and sedentary behaviours for each population and health-related outcomes are still 
required. Integrating information from these studies is especially critical for devel-
oping an evidence base for quantitative-based and context-specific sedentary behav-
iour guidelines. Such information will also provide healthcare professionals with 
more information to begin providing personalised lifestyle prescriptions tailored to 
deliver optimal health benefit at an individual level.
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5.12.4 A Need to Identify and Consider the Potential 
Differential Effects of Sedentary Behaviour 

Sedentary behaviour exists in a variety of population subgroups and under different 
environmental contexts and personal factors within a spectrum of activity that make 
up the 24-hour day. Thus, it will be important to consider how the effects of 
prolonged sedentary time vary by contexts and purposes of sedentary behaviours 
and by other key factors, including but not limited to age, sex, race/ethnicity, genetic 
profiles, menopausal, pregnancy and lactating statuses, medications, dietary habits, 
cardiorespiratory fitness and baseline exercise levels, sleep duration and quality and 
populations with or at increased risk of various chronic conditions, as indicated by 
the 2020 World Health Organization (WHO) Guidelines Development Group 
[8, 20]. Identifying whether or not such factors hold significant importance will 
also help identify more ‘at-risk’ population groups and those who may derive more 
benefit from reductions in sedentary behaviour. 

In this regard, accumulating acute experimental studies suggest that regular 
interruptions in prolonged sitting time may be particularly beneficial for glycaemic 
control in those with or at high risk of developing type 2 diabetes relative to healthy 
individuals, suggesting dysregulated metabolic responses to prolonged sitting in 
these individuals. Moreover, individuals with type 2 diabetes are more likely to be 
overweight/obese and deconditioned and be dealing with various complications and 
comorbidities. In this context, while displacing sitting time with brief bouts of light-
intensity activity may be an effective management tool in its own right, it is also 
plausible that such activity breaks could provide a further behavioural or physiolog-
ical ‘stepping-stone’ towards more participation in, tolerance of, or potentiate the 
effects of moderate-to-vigorous intensity physical activity. In the future, delivery of 
the most appropriate form of programme, intervention or communication, education 
or environmental and policy change at the right time to those who need them most, 
or who are most likely to derive benefit, would help minimise the likelihood of 
unhelpful intervention. 

5.13 Summary 

Excessive sitting is a ubiquitous, modern-day behaviour, co-existing alongside low 
adherence to structured exercise in much of the population. Acute controlled exper-
imental studies are beginning to support epidemiologic research findings suggesting 
that sedentary behaviour may contribute to excess morbidity and mortality. How-
ever, as our evidence synthesis shows, the physiology underlying sedentary behav-
iour (see Fig. 5.2) and solutions to ameliorate the potentially deleterious effects 
remain in their infancy. Further research is necessary in a variety of scientific 
disciplines to elucidate specific physiological effects and responsible mechanisms 
of engaging in high volumes of sitting, but also periods of more prolonged sitting.
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Interrupting prolonged sitting with light-intensity activities may be a practical 
strategy in preventing and treating multiple health disorders. However, further 
controlled experimental studies and evidence from high-quality longer-term and 
ecologically relevant free-living study designs is still required. While acute human 
experimental findings are promising and have provided useful insights, they have 
mostly focussed on decrements in glycaemic control, insulin sensitivity and vascular 
function. The use of novel physical activity and sedentary intervention models, 
ideally with high-quality measurements of physiological outcomes across a range 
of populations, will hopefully add further specificity to sedentary behaviour and 
physical activity guidelines and permit more explicit recommendations and tailored 
interventions in the future. In the meantime, it remains appropriate and prudent for 
healthcare professionals—in the interest of ‘doing no harm’—to promote ‘limiting 
sedentary time and replacing it with more physical activity of any intensity’, a  
proposed by the 2020 WHO Guidelines on Physical Activity and Sedentary 
Behaviour [2]. 
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Chapter 6 
Genetics of Sedentariness 

Yahua Zi, Hidde P. van der Ploeg, and Eco J. C. de Geus 

Abstract This section will review the available literature on the genetics of seden-
tary behaviour. First, the classical twin design will be outlined, and the extant twin 
studies will be reviewed that decomposed the variance of sedentary behaviour into 
genetic and environmental variance. We conclude that sedentary behaviour is partly 
heritable (~30%) but can also be affected by the environment that is shared between 
siblings. Second, molecular genetic techniques will be introduced that aim to find the 
actual genetic variants that affect sedentary behaviour. We review the studies that 
have already provided a number of genetic markers reliably associated with seden-
tary behaviour, although substantial heritability is still missing. We end by demon-
strating how behavioural and molecular genetic studies contribute to a better 
understanding of the consequences of sedentary behaviour by providing strong 
evidence for the causal effects of this behaviour on health outcomes, including 
obesity. 
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What Is New?
• Recent studies in twins, some using accelerometers, have further confirmed 

the significant contribution of genetics to individual differences in seden-
tary behaviour.

• Genome-wide association studies have identified part of the actual variants 
involved in sedentary behaviours, with polygenetic risk scores explaining 
up to 15% of variance in sedentary behaviour.

• Mendelian Randomisation studies leveraging the identified genetic variants 
have reported a causal role of sedentary behaviours in obesity and cardio-
vascular disease risk. 

6.1 Introduction 

Sedentary behaviour has been associated with premature mortality and the develop-
ment of a range of non-communicable diseases, including cardiovascular disease and 
type 2 diabetes [1–4]. Sedentary behaviour is defined as behaviour characterised by 
energy expenditure no more than 1.5 metabolic equivalents in sitting, reclining or 
lying position during waking time [5]. This is distinctly different from physical 
inactivity, which is defined as the lack of moderate to vigorous physical activity [6], 
and is poorly correlated with physical inactivity [7]. 

Both in light of its high prevalence and its detrimental effects on health, changing 
sedentary behaviour patterns on a population level is a major public health priority 
[8]. In order to develop interventions that decrease sedentary time, a better under-
standing of its underlying determinants is needed. The majority of studies that have 
been conducted to date have focused on cross-sectional associations [9, 10], and it is 
usually ignored that even under identical circumstances, some individuals are – due 
to their genetic material – more likely to pursue a sedentary lifestyle than others. 
Research on these innate differences is of utmost importance. 

6.2 Heritability 

Innate individual differences in a trait are suggested if smaller within-family varia-
tion is observed compared to the between-family variation. A few studies that were 
based on nuclear families (e.g. parental, spousal and sibling resemblance) [11–14] 
and a three-generation study [14] have shown familial aggregation of total sedentary 
time as objectively measured by accelerometers [11, 12] and subjectively assessed 
with self-reported computer use [13], television viewing [13, 14] and sitting time 
[13, 14] by questionnaire, diary and interview. However, this chapter focuses on 
twin studies to estimate heritability for two reasons: first, when comparing two twins 
of a pair, in contrast to, for instance, comparing parents and their offspring,



generation-specific effects are taken into account. Second, compared to parent-
offspring studies, twin studies allow the disentanglement of familial resemblance 
into genetic (‘nature’) and shared environmental (‘nurture’) effects [15]. Further-
more, when the shared environment does not play a large role, genetic effects can be 
further decomposed into additive and non-additive genetic effects. 
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Core to establishing the relative contribution of genetic and environmental effects 
is the comparison of the resemblance of monozygotic (MZ) twin pairs to the 
resemblance of dizygotic (DZ) twin pairs on a given phenotype (i.e. a trait, behav-
iour or characteristic). MZ twins originate from the same fertilised egg, meaning that 
they are (nearly) genetically identical, whereas DZ twins share on average 50% of 
their segregating additive genetic variation and 25% of their non-additive genetic 
variation. Environmental effects on the phenotype are expected to be equal for MZ 
and DZ twins, meaning that if the phenotypic correlation between MZ twins is larger 
than the correlation between DZ twins, this must be due to genetic influences. Under 
an additive genetic model, the MZ correlations are twice as large as those of the DZ 
twins reflecting the 100% versus 50% sharing of genetic variation. If the phenotypic 
correlation between MZ twins is much larger than twice the DZ correlation, then this 
points to additional non-additive genetic influences, which are shared to a much 
larger extend by MZ (100%) than DZ (25%) twins. If, alternatively, the MZ 
correlation is much less than twice the DZ correlation, this points towards shared 
environmental influences that make DZ twins more similar to each other than what 
would be expected based on their genes alone. These could be factors related to 
growing up in the same family and neighbourhood. 

Finally, there is a part of the environment that two twins of a pair do not share and 
that therefore makes them different from each other. Non-shared environmental 
influences can be inferred from MZ twin correlations that are smaller than one, as 
MZ twins share 100% of both their genetic material and (by definition) all of their 
shared environment. These non-shared environmental influences could be twin-
specific peer groups, work or life events. Measurement error would also be estimated 
as part of these non-shared environmental influences, because this random fluctua-
tion would make twins of a pair more different from each other. A summary of 
virtually all existing twin studies of the past 50 years yields an average heritability of 
49% across a range of human phenotypes, the majority of which are consistent with a 
simple and parsimonious model where twin resemblance is solely due to additive 
genetic variation [16]. 

Figure 6.1 depicts the path diagram of a basic twin model. The rectangles depict 
the measured phenotypes (in this case sedentary behaviour) of twin 1 and twin 
2, respectively. The circles contain the unmeasured, latent factors ‘A’ (additive 
genetic effects), D (‘non-additive genetic effects, also called dominant’), ‘C’ (shared, 
or common, environmental effects) and ‘E’ (non-shared environmental effects). The 
latent A-components have a correlation of 1.0 for MZ twins (meaning that they share 
100% of their genetic material), whereas the correlation is 0.5 for DZ twins. The 
latent D-components have a correlation of one for MZ twins, whereas the correlation 
is 0.25 for DZ twins. By definition, the shared environmental factors have a 
correlation of 1.0 and the non-shared environmental factors are uncorrelated for



both types of twins. Based on maximum likelihood estimation, structural equation 
software aims to find the path coefficients (a, d, c, e) that, given the imposed model, 
fit the data best. The absolute variance that is explained by A, D, C and E, is obtained 
by squaring the path coefficients (a2 , d2 , c2 , e2 ). Their relative contribution is 
obtained by dividing the result by the total variance [e.g. a2 /(a2 + d2 + c2 + e2 )]. 
The relative contribution of the additive genetic factors to the total variance is the 
narrow-sense heritability. The relative contribution of both additive and non-additive 
genetic factors together is the broad-sense heritability. The observed variance-
covariance matrix does not contain sufficient information to estimate the effect of 
all four latent factors (A, D, C, E) simultaneously, unless, the phenotype is observed 
in additional relatives, for example in the parents. In studies with twins only, C and D 
cannot both be estimated, and a choice is made for either an ACE or ADE model 
guided by the pattern of MZ and DZ twin correlations. 
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Fig. 6.1 Path diagram of a basic twin model depicting additive genetic factors (‘A’), non-additive 
genetic factors (‘D’), shared environmental factors (‘C’) and non-shared environmental factors 
(“E”) 

6.2.1 Heritability of Sedentary Behaviour 

Table 6.1 depicts an overview of twin studies on the heritability of sedentary 
behaviour. The available studies have assessed a wide variation of sedentary behav-
iour outcomes based on self-report, namely leisure screen time [18, 20], ‘passive 
activities’ during leisure time [23], sedentary work [17, 24] and total sitting time 
[22, 24], whereas two studies have objectively assessed total sedentary time, occu-
pational sedentary time, non-occupational sedentary time with accelerometers 
[19, 24] or an activity monitor combining heart rate and accelerometer sensors 
[21]. It is usually tested whether the structural equation model that includes all 
possible parameters can be reduced to a model that includes fewer parameters



Reference Sample

Age
range
(year)

Sedentary behaviour
phenotype

(continued)
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Table 6.1 Overview of twin studies on the heritability of sedentary behaviour under free-living 
conditions, age > 5 years old, published in English, ordered by publication date 

Percentage 
variance in 
sedentary 
behaviour 
explained by A, C 
and E 

Kujala 
et al. 2002 
[17] 

The older Finnish twin 
cohort; N = 15,904 
twins (5663 complete 
pairs; 49% male) 

24–60 Self-reported sedentary 
work, dichotomised as 
‘mainly sedentary work, 
which requires very little 
physical activity’ versus 
more active categories 

A = 50; C = 0; 
E = 50 
(derived from 
twin correlations, 
rMZ = 31, 
rDZ = 52) 

Nelson 
et al. 2006 
[18] 

USA; National Longitu-
dinal Study of adolescent 
health (add health); 
N = 4782 siblings that 
shared households in 
youth at baseline, 50% 
male; the sample 
included 1440 twin pairs 
of which some live 
together in adulthood 
and others live apart 

16.5 
± 1.7 
22.4 
± 1.8 

Leisure screen time 
based on survey items 
assessing hours per week 
watching television/ 
videos and/or playing 
video/computer games 

Adolescence: 
A = 0; C = 36; 
E = 60 
(derived from 
twin correlations, 
rMZ = 32, 
rDZ = 40) 
Adulthood: 
Live together: 
A = 0; C = 16; 
E = 84 
(derived from 
twin correlations, 
rMZ = 16, 
rDZ = 16) 
Live apart: 
(derived from 
twin correlations, 
rMZ = 40, 
rDZ = 9) 
A = 40; C = 0; 
E = 60 

Fisher et al. 
2010 [19] 

UK; twins early devel-
opment study (TEDS); 
N = 234 twins 
(117 complete pairs, 
46% male) 

9–12 Total sedentary time 
measured with Actigraph 
accelerometers (<100 
counts per minute) 

A = 24, C = 37, 
E = 39 

van der Aa 
et al. 2012 
[20] 

The Netherlands twin 
register (NTR); 
N = 5090 twins (2367 
complete pairs) and 
980 siblings, 44% male) 

12–20 Leisure screen time, 
based on survey items 
assessing weekly fre-
quency of television 
viewing, playing elec-
tronic games, and per-
sonal computer/internet 
use 

Males age 12: 
A = 35, C = 29, 
E = 36 
Males age 20: 
A = 48, C = 0, 
E = 52; 
Females age 12: 
A = 19, C = 48, 
E = 34 
Females age 20: 
A = 34, C = 0, 
E = 66



Reference Sample

Age
range
(year)

Sedentary behaviour
phenotype
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Table 6.1 (continued)

Percentage 
variance in 
sedentary 
behaviour 
explained by A, C 
and E 

den Hoed 
et al. 2013 
[21] 

Twins UK registry; 
N = 1654 twins 
(772 complete pairs, 2% 
male) 

17–82 Total sedentary time 
(≤1.5 metabolic equiva-
lents of task) as derived 
from a combined heart 
rate and movement sen-
sor (Actiheart) 

Full model: 
A = 31, C = 15, 
E = 55 

Piirtola 
et al. 2014 
[22] 

The older Finnish twin 
cohort; N = 6713 twins 
(1940 complete pairs, 
46% male) 

53–67 Total sitting time, 
summed over survey 
items on sitting time 
(min/d) (1) in office or 
similar places, (2) at 
home watching televi-
sion or videos, (3) at 
home at the computer, 
(4) in a vehicle and 
(5) elsewhere 

A = 35, C = 1, 
E = 64 
(derived from 
twin correlations, 
rMZ = 36.4, 
rDZ = 18.8) 

Haberstick 
et al. 2014 
[23] 

USA; MacArthur longi-
tudinal twin study 
(MALTS) and the Colo-
rado twin registry 
(CTR); N = 2847 twins 
(1418 complete pairs); 
48% male; mean age 
± SD: 15.1 ± 2.2 years 

15.1 
± 2.2 

Self-reported ‘passive 
activities’ during leisure 
time, consisting of ‘total 
hours watching 
television – weekday 
plus weekend’, ‘sitting 
around doing nothing’ 
and ‘sitting and listening 
to music’ 

Males: 
A = 3, C = 21, 
E = 76 
Females: 
A = 30, C = 23, 
E = 46. 

Schutte 
et al., 2020 
[24] 

The Netherlands twin 
register; N = 800, 73.9% 
female) 

32.63 
± 8 

Total, occupational and 
non-occupational seden-
tary time derived from 
both self-reported sitting 
time using IPAQ-SF and 
Actigraph accelerometer 
(<100 counts/min) dur-
ing waking hours for 
7 consecutive days, 
except during water-
based activities 

Objective 
sedentary time: 
A = 56, C = 0, 
E = 44 
Self-reported 
sitting time: 
A = 26, C = 0, 
E = 74 
Objective occu-
pational 
sedentary time: 
A = 45, C = 0, 
E = 55 
Objective 
non-occupational 
sedentary time: 
A = 28, C = 0, 
E = 72 

Note. A = additive genetic effects; C = shared environmental effects; E = non-shared environ-
mental effects; rMZ = monozygotic twin correlation; rDZ = dizygotic twin correlation



without a significant deterioration of the model fit. If available, both results of the full 
model and the results of the best-fitting model are reported. Two studies [17, 22] 
relied on manual calculations of variance components based on the MZ and DZ twin 
correlations
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The large diversity of studies makes it difficult to draw overall conclusions. Based 
on the available evidence, it seems that up till adolescence, both shared environ-
mental and genetic factors play a role. For instance, Nelson and colleagues [18] 
reported twin correlations on leisure screen time for adolescent pairs living together, 
as well as for young adult pairs that kept living together and pairs that separated. In 
general, they find higher congruence between MZ and DZ twins that are living 
together, favouring the environment as the source of twin resemblance, whereas the 
MZ correlations are higher than the DZ correlations when they are living apart, 
showing an additional genetic cause of twin resemblance. Across all studies, the 
relative role of the shared environment decreases from childhood to adulthood, 
whereas heritability remains fairly stable. The larger contribution of the shared 
environment in childhood may be due to parental influences, the availability of 
screen-viewing opportunities at home and/or the influence of the school environ-
ment. In adults, the determinants of sedentary behaviour during leisure time, a time 
of free behavioural choices, are likely different from those of sedentary behaviour at 
work, a time governed by type of job and job-specific tasks. 

The estimates in Table 6.1 differ rather widely, and it is unclear whether this is 
due to age differences or due to the large variety of sedentary behaviour measures. In 
the current literature, including twin studies, sedentary behaviour is sometimes 
mistaken for inactivity, which is a distinct behaviour, and both behaviours should 
be studied adjacent to each other or separately. More high-quality data are needed 
from large twin cohorts with objective as well as domain-specific self-report mea-
surements of sedentary behaviour that allow the analysis of sex- and age-specific 
effects. Apart from studying the heritability of different types of sedentary behav-
iour, we also need to understand the distinctiveness and overlap between the 
variance components that affect these different types. Once we have a clearer picture 
of the relative contribution of genes and the environment to individual differences in 
sedentary behaviour, we need to focus on the underlying mechanisms. 

6.3 Genetic Variants Influencing Sedentary Behaviour 

Heritability of complex behavioural phenotypes derives from the summed effects of 
allelic variants at hundreds or thousands of loci. In the past two decades, mapping of 
the human genome and rapid technological advances have made it feasible to 
identify these specific variants. Once that specific genetic variants for sedentary 
behaviour are found, it becomes feasible to identify their function and to understand 
how they could affect sedentariness [25]. This would be helpful to delineate the 
biological pathways contributing to individual differences in sedentary behaviour.
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There are two main approaches to study the effects of allelic variation on a 
phenotype such as sedentary behaviour: linkage studies and association studies. 
Linkage studies are used to identify a given genetic variant (a marker) by usage of 
observations of related individuals. If individuals share a greater proportion of alleles 
identical by descent (IBD) on the marker and they are also more similar to each other 
on a given phenotype, it is concluded that there is linkage between the marker and 
the phenotype. Nevertheless, the main limitation of linkage studies is that they do not 
identify actual DNA variation related to a phenotype, and subsequent fine mapping 
by association testing is needed to identify the allelic variants causing the linkage 
signal. Association studies compare variation in a phenotype across groups of people 
with different combinations of alleles in specific genetic variants. The variants to be 
tested are either selected based on a priori hypotheses (candidate gene study), or 
hundreds of thousands of variants are tested simultaneously without any hypotheses 
(genome-wide association study). 

Table 6.2 depicts an overview of gene finding studies for sedentary behaviour. 
Three studies were based on a combined measure of sedentary behaviour and 
physical inactivity as assessed from a three-day activity diary in French Canadian 
parents and their offspring from the Québec Family Study [26–28]. Simonen and 
colleagues first did a linkage analysis [26] and next [27] investigated a polymor-
phism in the DRD2 (dopamine receptor D2)gene (n = 712) and found no association 
with the phenotype. Based on the same study, Loos and colleagues [28] investigated 
nine polymorphisms in seven genes coding for neuropeptides and receptors of the 
arcuate and paraventricular nucleus of the hypothalamus and molecules in down-
stream pathways (n = 669) and found an association with between physical inac-
tivity score (inactivity represented by the sum of activities from class 1 to 4 out of 
nine-class activity category) and a variant of the MC4R (melanocortin 4 receptor) 
gene, which has previously been related to feeding behaviour and energy homeo-
stasis. However, they did not correct for multiple testing. In general, stringent alpha 
levels and replication are of outmost importance with this kind of studies as 
significant associations are often found by mere chance or due to confounding 
[32]. The candidate gene study on sedentary behaviour best addressing this concern 
was that of Klimentidis and colleagues [29]. They found a significant association 
between a variant in the FTO (fat mass and obesity associated) gene and self-
reported time spent sitting (number of hours a day) in participants of the Framing-
ham Heart Study (FHS, n = 7318, mean age 45 years, 48% males), but only a trend 
was found in their replication sample that was derived from the Women’s Health 
Initiative (WHI, n = 4756, mean age 61 years, females only). The FTO gene has 
been frequently related to body-mass index in previous research. 

The current state-of-the-art gene findings are genome-wide association studies 
(GWAS) that allow a hypothesis-free, exploratory approach to the detection of 
relevant DNA markers as hundreds of thousands of variants covering most of the 
common genetic variation across the genome are tested simultaneously [33]. The 
main challenge of a GWAS is that very small p-values (e.g. α = 5 × 10-8 ) need to be 
handled to correct for multiple testing. Most behavioural phenotypes, including 
sedentary behaviour, are thought to be influenced by many genetic variants with
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very small effects. This means that to identify associations, very large samples are 
needed that have collected and genotyped DNA data of hundreds of thousands of 
individuals, in parallel to taking measures of sedentary behaviour. For any single 
research group, this is still an expensive undertaking, and furthermore, any signif-
icant effects need to be confirmed in independent samples to make sure that they do 
not represent chance findings. Therefore, large-scale projects have been started like 
the UK Biobank [30, 31] and the Kadoorie Biobank [34, 35] that collect data in over 
half a million individuals.
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Vegte and colleagues assessed self-reported leisure television watching, leisure 
computer use and driving behaviour in the UK Biobank and identified 145, 36 and 
4 genetic loci associated with these traits, respectively, at genome-wide significance 
(P < 1 × 10-8 ), that is, taking the risk for false positives in the millions of genetic 
tests done into account [31]. The amount of heritability that could be explained by all 
of the single nucleotide polymorphisms (SNPs) tested was highest for television 
watching (SNP-h2 = 16%), followed by leisure computer use (SNP-h2 = 9%) and 
car driving (SNP-h2 = 4.4%). In addition, Doherty et al. [30] reported objectively 
measured sedentary behaviour by seven-day wrist-worn accelerometer and wearable 
cameras to create a reference set of labels for sedentary time in 91,105 UK Biobank 
participants. The heritability of sedentary behaviour was estimated to be 18% and 
15% for women and men, respectively, and four novel genetic loci were identified to 
be associated with sedentary time (P < 1 × 10-9 ) [30]. Compared to heritability 
estimates from twin studies, this suggests that a large part of the genetic variants still 
remain to be detected in future GWAS. Pathway analyses and tissue enrichment on 
the genes implied by the detected genetic variants implicated the nervous system as 
the most important source of the genetic effects on sedentary time. Of note, the three 
genes previously implicated by candidate gene studies (FTO, DRD2 and MC4R) 
were not replicated by this GWAS. 

In addition to large initiatives like the UK Biobank, existing long-running cohort 
studies have created collaborative consortia that pool their data in meta-analysis, 
such as the Genome Wide Association on Physical Activity (GWAPA) consortium 
[36]. The GWAPA consortium has recently pooled the UK Biobank data with data 
of over more than 50 studies that had measured both genome-wide DNA and self-
reported sedentary behaviours (leisure screen time, sitting at work, sedentary com-
muting) to perform a multi-ancestry meta-analysis of GWAS in 703,901 individuals. 
A total of 104 independent SNPs in 99 loci were detected that influenced leisure 
screen time. Of these, 42 new loci were not previously reported in the earlier UK 
Biobank study [31]. Individuals at the highest decile of the polygenetic risk score for 
leisure screen time were also 26% less likely to spend more than 20 minutes per 
week on moderate-to-vigorous physical activity in a separate cohort than individuals 
at the fifth decile (mean). This suggests that the genetic variants for sedentary 
behaviour and physical activity in part overlap. Only four (previously found) 
variants achieved genome-wide significance for sitting at work and none for seden-
tary commuting. This could point to a lower heritability of these potentially more 
task and environmentally determined sedentary behaviours but alternatively reflect a 
larger imprecision in subjective recall, compared to leisure screen time.
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6.4 Health Effects of Sedentary Behaviour: Causality 
or Genetic Pleiotropy? 

The main reasons for the current interest in sedentary behaviour are well documented 
detrimental health effects of too much sitting. Genetically informative studies can 
contribute to a better understanding of these as they can explicitly test the hypothesis 
of causality between two phenotypes. What is often interpreted as a negative causal 
effect of sedentary behaviour on health might partly be explained by underlying 
factors that influence both phenotypes in the absence of causality. 

6.4.1 Causal Hypothesis Testing in Twins 

Causality can be supported (but not proven) or falsified by using (1) bivariate twin 
models that decompose genetic and environmental effects on the covariance between 
two phenotypes [37, 38] and (2) the MZ twin intra-pair differences design [37]. The 
rationale behind causality testing based on bivariate genetic models is that if 
sedentary behaviour causally influences a health outcome, then everything that 
influences sedentary behaviour will also, through the causal chain, influence the 
health outcome (if 1 causes 2, and 2 causes 3, then 1 causes 3). Let us assume that 
sedentary behaviour is affected by genetic effects (A), shared environmental effects 
(C) and non-shared environmental effects (E). Under the hypothesis of causality, the 
effects of A, C and E on sedentary behaviour also need to affect the health outcome. 
This can be tested by calculating the genetic and environmental cross-trait correla-
tions between sedentary behaviour and the health outcome in a bivariate twin model. 
Figure 6.2 depicts the path diagram of such a model [39]. As before, the measured 
phenotypes are depicted in rectangles, whereas the unmeasured latent factors are 
depicted in circles. The genetic, shared environmental and non-shared environmen-
tal (co-)variances are decomposed into (1) effects on sedentary behaviour (a11, c11, 
e11), (2) effects on the health outcome that are not shared with sedentary behaviour

Fig. 6.2 Path diagram of a 
bivariate twin model with 
only one of the twins 
depicted, for clarity. Failure 
of tests of significance for 
e21 > 0, c21 > 0, and 
a21 > 0 falsify the causal 
effect of sedentary 
behaviour



(a22, c22, e22) and (3) effects that overlap between the two phenotypes (a21, c21, 
e21). According to the rationale that was outlined before, a21, c21 and e21 – given 
sufficient power – all need to be significantly different from zero. If, for instance, 
only a21 was significantly different from zero and c21 and e21 were not, this would 
point towards underlying genetic effects that affect both phenotypes (‘genetic 
pleiotropy’) in the absence of causality. The power of this test can be increased by 
using repeated measures or multiple indicators of sedentary behaviour and the health 
outcome.
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The MZ twin intra-pair differences design is based on the assumption that if there 
is a negative causal association between sedentary behaviour and a health outcome, 
the twin who is more sedentary should have a worse health compared to the 
genetically identical co-twin who is less sedentary. As MZ twins are perfectly 
matched for age, genetic background and for their shared environment, no difference 
in the health outcome would imply that some of these underlying factors explain the 
association that is only found on a population level. If the negative causal association 
between sedentary behaviour and a health outcome is observed when regressing the 
MZ twin intra-pair differences for these traits, then this increases our confidence in 
the causal hypothesis, as genetic background and shared childhood and adolescent 
environment are now accounted for. 

The outlined designs have been frequently applied to regular exercise behaviour, 
particularly in connection to its effects on mental health [40]. Unfortunately, appli-
cations to sedentary behaviour are scarce. Kujala and colleagues [17] investigated 
the effect of persistent discordance in sedentary work on mortality in both adult MZ 
and DZ twins. Sedentary workers had a lower mortality risk than non-sedentary 
workers. However, the effect was attenuated when controlling for income level, 
education, smoking, heavy use of alcohol and participation in vigorous leisure 
physical activity. There was no difference between MZ and DZ twins, supporting 
a causal association between sedentary work and mortality. The National Aeronau-
tics and Space Administration (NASA) Johnson Space Center conducted two 30-day 
bed rest studies with MZ twins, where one of the pairs served as sedentary control 
and the other performed exercises to counteract bed rest-induced bone loss 
[41, 42]. They concluded that the exercises counteracted bone resorption, especially 
in men. These kinds of interventions offer stronger support for causality than 
experiments with non-twin individuals as treatment effects are less confounded 
due to better matching of experimental and control group. However, bed rest is an 
extreme form of sedentary behaviour that rarely occurs in daily life, especially not 
for prolonged periods of time. Studies on sedentary phenotypes more relevant to 
daily life that employ the power of causality testing based on twin data are called for.
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6.4.2 Causal Hypothesis Testing Using Mendelian 
Randomisation 

The test of causality based on bivariate genetic twin models that was outlined before 
can also be performed with measured genetic variants instead of latent genetic 
variance components, using a technique called Mendelian randomisation (MR). 
MR is a method that uses genetic variants that are strongly associated with modifi-
able exposures to detect causal effects and provide an unbiased estimation of their 
magnitude [43]. An easy way to understand MR is by analogy with randomised 
controlled trials (RCTs). In an RCT, the participants are randomly allocated to one 
treatment or control group (without any intervention/treatment), avoiding potential 
confounding effects between treatment and outcome, and causal inference is unam-
biguous. In MR, study participants are similarly randomised to the possession of 
alleles that are known to increase the risk for exposure, in our case sedentary 
behaviour. No active dice throwing on the part of the experimenter is needed, 
however, because during meiosis participants get random combinations of their 
parental genotypes. If a particular allele is sufficiently strongly related to the 
exposure (here sedentary behaviour) and the exposure truly causes the outcome, 
then the alleles influencing the exposure should be significant predictors of the 
outcome also. As in any statistical method, a number of assumptions need to be 
met, and meta-analysis across multiple SNPs as well as triangulation across a large 
number of sensitivity analyses is now common practice in MR [44]. 

Vegte and colleagues applied MR to the 185 loci detected for self-reported leisure 
television watching, leisure computer use and car driving behaviour in the UK 
Biobank [31]. They found high correlations between the genetic variants influencing 
these sedentary behaviours and health outcomes [31]. A causal effect between 
television watching and coronary artery disease (CAD; OR = 1.44, 
P = 5.63 × 10-7 ) was estimated with MR analysis, as well as between driving and 
CAD (OR 2.65, P = 4.46 × 10-3 ). However, this was not true for leisure computer 
use (OR 0.81, P = 0.07). Whereas the relationship between driving and CAD was 
not consistent across sensitivity analyses, television watching remained significantly 
associated with CAD. 

The causal effect of sedentary behaviour on body mass index (BMI) shown by 
Vegte et al. [31] was recently replicated and extended by the study of the GWAPA 
consortium (personal communication, den Hoed). Using genetic variants for both 
sedentary time and BMI in bidirectional MR, they fully confirmed the causal effects 
of sedentary time on BMI but also showed a reverse effect of BMI on sedentary time. 
The effect size of sedentary time on BMI, however, was three times as large as the 
reverse causal effect of BMI on sedentary time. Also, this effect survived correction 
for potential confounding by educational attainment, which is known to be associ-
ated with high BMI and sedentary time. Taken together, these MR studies provide a 
strong rationale for interventions targeting sedentary time to reduce obesity and 
coronary artery disease risk.
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6.5 Summary 

Although genetic epidemiology has tackled many behavioural and health pheno-
types [16], sedentary behaviour, a relative ‘newcomer’, has not been widely studied. 
The available evidence from family and twin studies does suggest, based on both 
subjective and device-based data, that sedentary behaviour is partly heritable across 
the life span (~30%), and the first genetic markers have been associated with this 
phenotype through the GWAS approach. The environment that is shared between 
siblings plays an important role in childhood and adolescence, but its influence 
seems to wane in adulthood. In the present chapter, we have outlined genetically 
informative designs that could be applied to test the causal effects of sedentary 
behaviour on health outcomes. Bigger twin- and family-based datasets that use better 
measurement instruments for sedentary behaviour, as well as enrichment of existing 
cohorts that already have good sedentary behaviour measures with molecular genetic 
marker data will further help to advance this field of research. 
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Chapter 7 
Sedentary Behaviour, Diabetes 
and the Metabolic Syndrome 

Joseph Henson, Charlotte L. Edwardson, Paddy C. Dempsey, 
Melanie J. Davies, and Thomas Yates 

Abstract Given the increasing global prevalence of type 2 diabetes (T2DM) and the 
metabolic syndrome, prevention and management strategies are of the utmost 
importance. Lifestyle interventions that target increasing levels of physical activity 
and reductions in sedentary behaviour have the potential to yield a substantial public 
health impact and inform future policies on the optimal approaches to reducing 
prolonged sitting time. This is epitomised by the incorporation of new evidence-
based recommendations on sedentary behaviour within the 2020 World Health 
Organisation guidelines. Since the publication of the 1st edition of ‘Sedentary 
Behaviour Epidemiology’, several meta-analyses have highlighted the dose-
response relationship between sitting time and the incidence of T2DM. Moreover, 
epidemiological and experimental data continue to reinforce the message that the 
intensity of the activity replacing sedentary behaviour may be less important than the 
decision of whether to be active at all (i.e. ‘any movement counts’). Novel analytical 
approaches have seen a shift away from separate public health guidelines for 
individual movement behaviours, with an increasing recognition to consider move-
ment behaviours (sleep, sedentary behaviour, light activity and moderate-to-vigor-
ous physical activity) as co-dependent. The co-existence of two global pandemics
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(T2DM and COVID-19) has reinforced the notion that reducing sedentary behaviour 
and maintaining a physically active lifestyle is no longer a hobby of a few, but a 
necessity for all.
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What Is New?
• Nearly half a billion adults worldwide (aged 20–79 years) now have type 

2 diabetes mellitus (T2DM).
• Meta-analyses have demonstrated a dose-response relationship between 

higher levels of total sitting time and TV viewing time with the incidence 
of T2DM. Compared to other morbidity and mortality outcomes, the results 
are stronger and most consistent for T2DM.

• Epidemiological and experimental data reinforce the message that the 
intensity of the activity replacing sedentary behaviour may be less impor-
tant than the decision of whether to be active at all (i.e. ‘any movement 
counts’).

• There is an increasing recognition to consider movement behaviours (sleep, 
sedentary behaviour, light activity and moderate-to-vigorous physical 
activity) as co-dependent.

• Predictors of the postprandial response may inform future individualised 
tailored interventions in high-risk participants, for whom breaking 
prolonged sitting time could be a viable and effective prevention or treat-
ment strategy. 

This chapter will principally focus on the role of sedentary behaviour on type 
2 diabetes mellitus (T2DM) and metabolic syndrome and the common mechanism 
underpinning both conditions. In the first instance, an overview of the prevalence, 
economic burden and prevention strategies will be discussed. Although the meta-
bolic syndrome includes a clustering of metabolic risk factors (e.g. lipids, hyperten-
sion and obesity), the role of sedentary behaviour on these markers is discussed in 
detail in other chapters. Consideration will also be given to the epidemiological and 
experimental data and the potential impact of sedentary behaviour on other risk 
factors associated with T2DM (e.g. physical function). We also discuss the impact of 
COVID-19 in exacerbating sedentary behaviour in those with T2DM and what effect 
this potentially has on the risk of adverse COVID-19 outcomes.



7 Sedentary Behaviour, Diabetes and the Metabolic Syndrome 195

7.1 Type 2 Diabetes Mellitus: Prevalence, Economic 
Burden and Prevention Strategies 

In 2019, the global prevalence of T2DM was estimated to be nearly half a billion 
(463 million), representing 9.3% of the total adult population aged 20–79 years 
[1]. This figure has increased by 62% compared to 2009 and 9% since the publica-
tion of the first edition of ‘Sedentary Behaviour Epidemiology’ in 2018 [1]. The 
rising trend can be partly attributed to earlier diagnosis and better management 
(leading to greater life-expectancy), particularly in younger adults and a rapid 
increase in urbanisation and obesogenic environments (partly driven by physical 
inactivity and sedentary behaviour). If this trend continues unabated, the prevalence 
of T2DM is likely to rise to 700 million by 2045, representing 10.4% of the total 
adult population aged 20–79 years [1]. 

Therefore, there is an urgent need to develop and implement coordinated and 
multi-sectoral strategies to reduce the incidence of T2DM. In response, the World 
Health Organisation (WHO) and the United Nations have set global targets to 
encourage action to improve care and reinforce healthcare systems [2, 3]. These 
actions include reducing premature death from non-communicable diseases (NCDs), 
including diabetes (30% by 2030), whilst establishing national diabetes plans (see 
below) and achieving universal health coverage [2, 3]. Similarly, the Lancet com-
mission on diabetes recently provided a blueprint for reducing gaps in diabetes 
prevention, ongoing care and professional knowledge. In particular, the use of 
data-driven modelling could avert up to 800,000 premature deaths in the top 
10 low- to middle-income countries with the highest populations of people with 
T2DM [4]. 

Due to its adverse effect on people’s health, T2DM also imposes an extensive 
economic burden. The most comprehensive analysis to date concludes that the cost 
of diabetes to the National Health Service (NHS) in the United Kingdom is £9.8bn in 
direct costs in 2010/11, with £8.8bn for T2DM [5]. Around 80% is spent on 
complications, with treatment and intervention costs dominated by the costs of 
primary care and prescriptions. If the costs of treating a patient with T2DM stay 
the same, the overall costs are set to account for 17% of the entire NHS budget over 
the next 20 years. From a global perspective, assuming past trends continue, the 
economic burden of T2DM in 2030 will exceed 2015 levels by 88% [6]. Importantly, 
even if countries meet the sustainable development goals of decreasing mortality 
from T2DM by one-third [2], the economic burden in 2030 will still be 61% higher 
than in 2015 [6]. 

The evidence base for the prevention of T2DM has developed exponentially over 
the last two decades, from efficacy trials through to real-world translational studies. 
As reported in the first edition of ‘Sedentary Behaviour Epidemiology’, lifestyle 
interventions that target overall consumption of food and increasing levels of 
physical activity reduce the risk of T2DM by 30–60% in those with impaired glucose 
tolerance [7]. Importantly, such programmes have also been shown to still yield 
benefits well after the cessation of the intervention. For example, 30 year results



(24 years after the intervention ended) from the Da Qing Diabetes Prevention Study 
(DQDPS) demonstrated that the combined intervention group (diet plus exercise) 
had a median delay in diabetes onset of ~4 years, fewer cardiovascular disease 
events, fewer cardiovascular disease and all-cause deaths and an average increase in 
life expectancy of ~1.5 years, compared to the control group [8]. It is likely that the 
success of such prevention programmes is largely underpinned by reductions in 
body weight and increasing levels of physical activity. That said, in some instances, 
attention must also be given to recommendations for pharmacological therapy or 
surgery in order to yield long-term societal benefits. 
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7.1.1 Real-World Example from the United Kingdom 

Clinical trials have shown what is possible (efficacy), but not what is feasible or 
scalable (effectiveness) in a primary care or community setting. In response, 2016 
saw the establishment of The Healthier You: NHS Diabetes Prevention Programme 
(NHS DPP) in England [9]. Universal population coverage now means that 
>750,000 people have been referred into the programme. The main aim of the 
NHS DPP is to prevent or delay the onset of T2DM in adults with non-diabetic 
hyperglycaemia (defined as: HbA1c 42–47 mmol/mol [6.0–6.4%] or impaired 
fasting glycaemia 5.5–6.9 mmol/L), through a structured lifestyle intervention 
[10]. Programme content includes weight loss or the maintenance of a healthy 
weight, achievement of UK dietary recommendations [11] and achievement of the 
UK physical activity recommendations [12]. Importantly, the latter also includes 
recommendations to minimise the amount of time spent sedentary, and although 
there are no specific recommendations for light activity, it is recommended as an 
option to break up prolonged periods of inactivity/sedentary behaviour [12]. 

This national programme to provide behavioural support to people with 
non-diabetic hyperglycaemia in England was modelled on National Institute for 
Health and Care Excellence (NICE) Public Health Guidance on Type 2 Diabetes: 
Prevention in People at High Risk (NICE PH38) [13], with the design informed by a 
Public Health England–commissioned systematic review and meta-analysis 
assessing the effectiveness of pragmatic lifestyle interventions [14]. This found a 
reduction of 26% in the incidence of T2DM vs. usual care (over 12–18 months). A 
more recent global systematic review and network meta-analysis of pragmatic DPP 
studies also demonstrated a similar relative risk reduction (29%) [15]. 

Preliminary results from a service evaluation assessing UK DPP effectiveness 
(using data from the first 2.5 years) demonstrated a significant reduction in weight 
and HbA1c. There was a clear dose-response relationship, and people who attended 
more sessions experienced greater reductions. For example, those that completed the 
programme (attended >60% of the 13 intervention sessions) demonstrated a mean 
weight loss of 3.3 kg and a HbA1c reduction of 2.04 mmol/mol [16]. These results 
are comparable to the US DPP, where a mean percentage weight reduction of 4.2% 
was reported [17] (4% in the UK DPP). The absolute weight differences also broadly



mirror those reported in the Finnish DPP (1.3 kg in men and 1.1 kg in women) [18] 
and the Australian DPP (2.5 kg) [19]. In summary, these results provide optimism 
that this lifestyle programme may lead to a reduced incidence of T2DM among high-
risk participants. 

7 Sedentary Behaviour, Diabetes and the Metabolic Syndrome 197

7.2 Metabolic Syndrome: Definition and Prevalence 

The metabolic syndrome is considered to be one of the most important risk factors 
for the epidemic of T2DM [20] and is associated with an approximate fivefold 
increased risk [21]. Obesity has been recognised as one of the leading causes for 
the metabolic syndrome since it is strongly associated with all metabolic risk factors 
[22], but its development can also be accelerated by a sedentary/inactive lifestyle 
[23]. The reported prevalence varies, depending on the definition used, sex, age, 
socioeconomic status and the ethnic background of study cohorts. However, it is 
estimated that approximately one adult in every four or five, depending on the 
country, has metabolic syndrome [24]. The incidence also increases with age, with 
estimates suggesting ~30% of the European population over the age of 50 has 
metabolic syndrome [25]. 

Although it is unclear whether there is a unifying pathogenic mechanism that 
could decipher the pathophysiology of the metabolic syndrome, it is highly likely 
that abdominal obesity and insulin resistance play a central role in promoting the 
development of the metabolic syndrome [26]. Therefore, as with T2DM, lifestyle 
modification and weight loss should be considered as primary preventative mea-
sures. Although the traditional definitions of the metabolic syndrome and individual 
outcome measures are still frequently reported in the sedentary behaviour literature, 
the combination of such components has received added prominence in the form of 
clustered cardiometabolic risk or continuous cardiometabolic risk scores (discussed 
in more detail below). 

7.3 Epidemiological Evidence 

As previously reported in the first edition of ‘Sedentary Behaviour Epidemiology’, 
multiple meta-analyses have estimated the independent associations of sedentary 
behaviour on the incidence of chronic disease(s) and markers of health, including 
those associated with T2DM [27–30]. Despite the increasing prominence of seden-
tary behaviour in current physical activity recommendations, the message remains 
generic (‘sit less’)  [12, 31], with the exception of American Diabetes Association 
guidelines [32]. That said, the incorporation of new evidence-based recommenda-
tions on sedentary behaviour within the 2020 WHO guidelines [31] still marks an 
important step forward [33].
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In order to inform the evidence surrounding the frequency and/or duration of 
bouts or breaks in sedentary behaviour (and future guidelines) [33], there is a need to 
determine whether there is a marked increase in risk of T2DM at specific sedentary 
thresholds. In 2018, a meta-analysis including >1,000,000 participants and data 
from 11 prospective studies demonstrated a dose-response relationship between 
higher levels of total sitting time and TV viewing time with the incidence of 
T2DM [34]. The results were independent of physical activity and are consistent 
with previous meta-analyses, where the strongest and most consistent associations 
are seen for T2DM (when compared to the increased risk for all-cause and cardio-
vascular disease (CVD) mortality) [28]. For example, 29% of T2DM incidence was 
estimated to be related to TV viewing, compared to 5% for cancer and CVD 
mortality [34]. For all-cause and CVD mortality, a threshold of 6–8 hours per day 
of total sitting and 3–4 hours per day of TV viewing was identified, above which the 
risk is increased [34]. However, the larger increases in the risk of T2DM were seen 
below 4 hours per day. This corroborates previous experimental and epidemiological 
data suggesting that for T2DM, any reductions in sitting time are likely to be 
beneficial [35–40]. 

Similarly, a 2019 dose-response meta-analysis (n = 1,071,967; 13 cohort, 
10 cross-sectional) examining the association of total sedentary behaviour and TV 
viewing time with the risk of T2DM demonstrated a linear association. For each 
1-hour day increase in total sedentary time or TV viewing, the risk of T2DM 
increased by 5% and 8%, respectively [41]. Again, the associations with TV 
viewing were stronger than those for total sedentary behaviour for all outcomes, 
which may in part be partly driven by the association with a clustering of unhealthy 
behaviours (e.g. snacking) [42, 43]. When focusing specifically on sitting 
(as opposed to TV viewing), Bailey et al. found an increase in CVD (HR = 1.14, 
95% CI = 1.04, 1.23, p < 0.001)) and diabetes risk (HR = 1.11, 95% CI = 1.01, 
1.19, p < 0.001), which remained after adjustment for physical activity [44]. 

At present, there is limited evidence from device-based measures of sedentary 
behaviour or sitting per se [33]. In order to adequately quantify time spent in 
sedentary behaviours and their potential influence upon markers of cardiometabolic 
health, there is a need to develop and incorporate better field-based measurements. 

7.3.1 Are the Associations of Sedentary Behaviour Moderated 
by Fitness? 

When examining the relationships between sedentary behaviour and markers of 
cardio-metabolic health, it is important to consider the mediating role of cardiore-
spiratory fitness (CRF), that is, each outcome should not necessarily be considered in 
isolation. For example, previous studies have shown an inverse association between 
sedentary time and CRF [45, 46], and mediation analyses have shown that CRF 
explains 73% of the associations between MVPA and clustered metabolic risk [47].
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A cross-sectional analysis in 1933 adults [average age = 57.9 ± 8.1 years, body 
mass index (BMI) = 26.7 ± 4.3 kg/m2 , CRF = 30.1 ± 6.2 ml.min-1.kg-1 , ~40% 
with impaired glucose regulation and 36% with metabolic syndrome] [48] demon-
strated that the highest odds for the metabolic syndrome were seen in the low fitness 
and high sedentary time group (odds ratio [OR] and 95% confidence interval [CI]: 
OR 9.22 [CI = 5.74, 14.80]). Interestingly, those with high CRF and high sedentary 
time also had greater odds for the metabolic syndrome (OR 2.93 [1.72, 4.99]) 
compared to the reference group (high CRF, low sedentary time). The results for 
T2DM followed a similar pattern, where the highest ORs were seen in the low CRF 
and high sedentary time group (OR 8.38 [4.83, 14.55]). Further, people with high 
CRF and high sedentary time displayed greater ORs (OR 2.21 [1.17, 4.17]) 
[48]. This study highlights an important topic of debate. Given that high sedentary 
time was associated with the metabolic syndrome and T2DM, even in those with 
relatively high fitness levels, does fitness offer any degree of protection for 
cardiometabolic health in those with high levels of sedentary behaviour? 

The importance of CRF as one of the most important determinants of health was 
highlighted in a population-based study of 425 adults (baseline values: average 
age = 46.1 ± 9.5 years, CRF = 34.6 ± 8.3 ml.min-1.kg-1 , 35% female) who were 
followed prospectively for ~10 years [47]. Results demonstrated that a decrease in 
CRF was associated with a greater increase in clustered cardiometabolic risk (with 
the associations being almost twice as strong compared to sedentary behaviour and 
MVPA). Importantly, the associations for change in sedentary behaviour and MVPA 
with change in clustered cardiometabolic risk were mediated through changes 
in CRF. 

These findings are broadly similar to an acute, experimental study involving 
34 younger adults (average age = 40 ± 9 years, BMI = 24.5 ± 3.0 kg/m2 , 
CRF = 41.3 ± 18.9 ml.min-1.kg-1 ). This trial investigated whether fitness modified 
the postprandial response to prolonged sitting and determined the potential influence 
of fitness on the benefits of interrupting postprandial sitting time with light activity 
breaks [49]. Each participant undertook two 7.5-h experimental conditions in a 
cross-over design: (1) prolonged sitting and (2) sitting interspersed with 5 minutes 
light walking bouts every 30 minutes. Despite the results showing that interrupting 
prolonged sitting with regular light walking breaks reduced postprandial glucose and 
insulin (both -35%), CRF modified the response. Those individuals with lower 
fitness levels displayed incrementally greater reductions in postprandial glucose. For 
example, the average response for a male with a VO2 peak of 42.5 ml.min-1.kg-1 

(25th centile) would be a 48.6% reduction in postprandial levels when performing 
regular light walking breaks, compared to prolonged sitting. In contrast, the average 
response for a man at the 75th centile of fitness (VO2 peak of 60.5 ml.min-1.kg-1 ) 
only reduced this by a further 11% through using regular light walking breaks 
[49]. The concept that fitter individuals may gain less pronounced health benefits 
from lower levels of sitting time is supported by cross-sectional research that has 
stratified data by habitual MVPA levels, reporting that individuals with higher 
MVPA levels display significantly weaker associations between sedentary time, 
HbA1c [50] and MRI-derived measures of adiposity [51].



200 J. Henson et al.

Future research examining how much the cardiometabolic benefits from fitness 
across the continuum are offset by sedentary time is warranted. This is particularly 
pertinent when you factor in age, existence of comorbidities and potential interac-
tions with medications. 

7.4 Isotemporal Substitution and Compositional Data 
Analysis Studies 

As previously mentioned, there has been an increase in the number of epidemiolog-
ical studies assessing physical behaviours together. There has been a notable shift 
away from separate public health guidelines for individual movement behaviours 
and a growing body of evidence linking health to the movement behaviour compo-
sition, emphasising the importance of the whole, 24-h day. This has informed the 
development of the Canadian 24-Hour Movement Guidelines [52]. 

Two statistical approaches can be used in order to model the effects of replacing 
time in one physical behaviour with time in another: isotemporal substitution 
modelling (ISM) and compositional isotemporal modelling (CISM). Both 
approaches have shown beneficial associations with markers of cardiometabolic 
health when time is reallocated from sedentary behaviour to active, non-sedentary 
behaviours [53–66]. To discuss the strengths and weaknesses of each approach is 
beyond the scope of this chapter, particularly as this has been discussed in detail 
elsewhere [67, 68]. However, a recent study found that reallocating time from sitting 
to standing or from sitting to stepping showed beneficial associations with BMI, 
waist circumference, triglycerides, high-density lipoprotein (HDL) cholesterol and a 
clustered cardiometabolic risk score (with and without adiposity). Importantly, the 
direction and magnitude of associations with markers of cardiometabolic health were 
broadly similar when using both approaches [69]. 

Recent work has extended these cross-sectional findings by utilising prospective 
change data, where behavioural reallocation has actually occurred. In a group of 
individuals at high risk of T2DM, reallocating 30 minutes from sedentary into light 
activity was associated with a reduction in waist circumference, 2-h glucose, tri-
glycerides and a clustered cardiometabolic risk score [70]. Results also demonstrated 
a dose-response relationship, as each 30 minutes of reallocation from sedentary 
behaviour to MVPA was associated with a 1.23 cm reduction in waist circumfer-
ence, 0.23 mmol/l reduction in 2-h glucose and a 0.04 mmol/L reduction in tri-
glycerides [70]. Therefore, over 12 months, reallocating time away from sedentary 
behaviour into light activity was associated with improved cardiometabolic health, 
but the greatest benefits were observed when reallocating from sedentary behaviour 
to MVPA. 

These findings also extend to a younger, healthier population in a workplace 
setting. Compositional data analysis using 12-month data from the Stand Up Victo-
ria intervention demonstrated that improvements in several cardiometabolic health



risk biomarkers (cardiometabolic risk score, insulin, triglycerides, total/HDL cho-
lesterol ratio) were significantly associated with reductions in sitting time [71]. The 
greatest degree and/or widest range of cardiometabolic benefits appeared to occur 
when increasing ambulatory activities. However, replacing sitting time with stand-
ing was still associated with improvements in the clustered cardiometabolic risk 
score at 12 months. 
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7.5 Acute, Chronic and Free-Living Interventions 

Over recent years, epidemiological research has been complemented by acute 
experimental studies showing that breaking up bouts of prolonged sitting with 
standing or light-intensity activity (including resistance exercises) elicits significant 
benefits on markers of metabolic health [36, 38, 39, 72–74]. This also includes some 
alternative strategies that do not involve upright activity for breaking up prolonged 
sitting. For example, seated arm ergometry (5 minutes every 30 minutes) has been 
shown to acutely lower glucose and insulin levels by 57% and 20%, respectively, 
when compared to prolonged sitting [39]. This is pertinent for those with weight-
bearing difficulties especially those with chronic disease, are wheelchair bound or 
may present severe peripheral neuropathy. Similarly, pedal desks in a workplace 
setting have shown potential in reducing postprandial insulin concentrations, with-
out affecting work skills [75]. With such a low attainment of current physical activity 
guidelines, particularly in those with T2DM and metabolic syndrome [76], focusing 
on light-intensity physical activity as a feasible means of increasing daily energy 
expenditure in different contexts (e.g. workplace, home-based) seems practical. 

In order to quantify the acute and chronic effect of light-intensity physical activity 
on markers of cardiometabolic health, Chastin et al. performed a meta-analysis that 
included 27 experimental studies [40]. The findings demonstrated that when com-
pared to prolonged sitting, short, frequent bouts of light-intensity activity reduced 
postprandial glucose by 17.5% and insulin levels by 25.1% [40]. However, given the 
heterogeneity, there appears to be considerable inter-individual variability in the 
effectiveness of such interventions. Therefore, in order to ensure future prevention 
and management strategies are stratified and targeted at those who could derive the 
greatest benefit, it is necessary to determine the factors that may predict a favourable 
response to breaking up prolonged sitting with a low-intensity intervention. The 
importance of this was further highlighted in a recent systematic review and meta-
analysis (n of studies = 42), where the use of physical activity breaks during sitting 
moderately attenuated post-prandial glucose and insulin with greater glycaemic 
attenuation observed in people with a higher BMI [77]. Exploratory analysis of the 
Stand and Move at Work intervention, a multilevel intervention targeting reduction 
in sedentary time, along with sit-stand workstations, also showed differences in the 
effect size, depending on the underlying degree of cardiometabolic dysfunction 
[78]. For example, although the intervention was effective for large reductions in 
sitting time at 12months for the whole cohort (n = 487), when examining only those



with non-diabetic hyperglycaemia or T2DM (n = 95), the reductions in glucose, 
HbA1c, body weight and body fat were considerably larger and clinically 
meaningful [78]. 

202 J. Henson et al.

The inter-individual variability has also been shown in pooled analyses of cross-
over laboratory-based trials. For example, Dempsey et al. showed that the magnitude 
of differences in postprandial glucose and insulin responses between two conditions 
(prolonged sitting and prolonged sitting interrupted with regular activity breaks) was 
significantly exacerbated with poorer baseline levels of fasting glucose, insulin 
and/or surrogate markers of β-cell function and insulin resistance [79]. Similarly, 
our group recently conducted a pooled analysis of four acute, randomised, experi-
mental trials (n = 129, South Asian = 31.0%; high risk of T2DM = 27.1%) 
examining the postprandial glucose and insulin response to three treatment condi-
tions: prolonged sitting (6.5 h) or prolonged sitting broken-up with either standing or 
light-intensity physical activity (5 minutes every 30 minutes) [80]. The results 
demonstrated that reductions in postprandial insulin were more pronounced if 
individuals were South Asian compared with white European (-23.5% vs. -9.3%), 
female compared to male (-21.2% vs. -17.6%) or had a BMI ≥27.2 kg/m2 (-
22.9% vs. -18.2%) (Fig. 7.1). Being female (-6.8% vs. -1.7%)) or having a BMI 
≥27.2 kg/m2 (-6.7% vs. -3.4%) modified the postprandial glucose response. 

In terms of ethnicity, it has been well established that South Asians have a higher 
risk of cardiometabolic disease than white Europeans [81, 82] and develop T2DM at 
a lower BMI level, up to 12 years earlier than white Europeans. Nevertheless, despite 
South Asians having greater metabolic dysfunction, this analysis suggests that they 
are likely to receive the greater absolute benefit per dose of light activity. This 
finding was first highlighted in our experimental work (that was also included in the 
above pooled analysis) examining the postprandial response to breaking up 
prolonged sitting (7.5 h) with standing or light intensity walking (5 minutes every 
30 minutes) in South Asians and white European older adults (65–79 years). The 
results demonstrated that when compared to the prolonged sitting condition, walking 
breaks reduced postprandial insulin area under the curve to a greater extent in South 
Asians (22.4 mU/l∙h vs. 10.3 mU/l∙h) [38]. 

As such, these results may be used to guide future individualised tailored 
interventions in high-risk participants for whom breaking prolonged sitting time 
could be a viable and effective prevention or treatment strategy. A reasonable goal 
may be to first break up sitting time with informal/light-intensity physical activity, 
which may also be more culturally acceptable to high-risk groups (e.g. South Asian 
women) [83], before progressing onto higher-intensity activities. 

The promising results from acute, experimental studies have yet to be replicated 
in chronic, free-living interventions. Although the primary focus of chronic seden-
tary behaviour studies so far has been on the behavioural efficacy of the proposed 
interventions, some studies have also focused on the impact of reducing sedentary 
time for health-related outcomes. For example, a recent systematic review and 
meta-analysis reported that although interventions (≥7 days) targeting sedentary 
behaviour yielded significant reductions in markers of cardiometabolic health, the 
differences were minimal and arguably not clinically significant (weight (-0.6 kg),
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waist circumference (-0.7 cm), percentage body fat (-0.3%), systolic blood pres-
sure (-1.1 mm Hg), insulin (-1.4 pmol/L) [84]. This is likely to be a reflection of 
the relatively small number of studies available and the lack of diversity regarding 
ethnicity, age and underlying degree of insulin resistance. That said, a systematic 
review and meta-analysis including 18 studies, confined to a clinical population 
(overweight/obesity, type 2 diabetes, cardiovascular, neurological/cognitive and 
musculoskeletal diseases), demonstrated that behavioural lifestyle interventions 
reduce sedentary behaviour by ~90 minutes per day and improve markers of 
cardiometabolic health to a greater extent (HbA1c (-0.17%), percentage body fat 
(-0.66%) and waist circumference (-1.52 cm) [85]. The differences may be driven 
by the higher absolute baseline values.
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7.6 Broadening Targeted Activity Options and Looking 
Beyond Cardiometabolic Health 

Given the inter-individual variability in the postprandial response, it is necessary to 
continue exploring the modification effect of key demographic, social, 
cardiometabolic and anthropometric characteristics (e.g. sex, age, ethnicity, 
multimorbidity, level of deprivation, glucose, insulin HbA1c, adiposity and cardio-
respiratory fitness) to breaking up prolonged sitting. Moreover, in order to inform 
future sedentary behaviour guidelines and provide insight into the optimal method to 
replace sitting time, future interventions (ideally RCTs) should encompass the full 
24-hour range of behaviours (e.g. sleep, sedentary time, light-intensity physical 
activity and MVPA). 

It is also important to reiterate that T2DM has far reaching implications that 
extend beyond traditional markers of cardiometabolic health. For example, T2DM 
reflects a powerful physiological model of accelerated biological ageing that influ-
ences whole body health and function [86]. Our previous work has shown that ~30% 
of 635 adults (median age = 66 years, average BMI = 30.8 ± 5.0 kg/m2 , 34% 
female) with T2DM have impaired physical function, with their ability to carry out 
functional tasks of daily living similar to those without diabetes who are over a 
decade older [87]. Moreover, the group with impaired physical function spent more 
time in prolonged sedentary behaviour (600.7 vs 572.5 minutes per day) and showed 
stronger inverse associations with markers of physical function (sit-to-stand repeti-
tions (-15% vs. 2%) and Duke Activity Status Index (DASI) score (-16% vs. 1%)). 

As T2DM is a risk factor for the development of both frailty and sarcopenia [88], 
international expert consensus statements now recommend routine physical function 
assessments and reiterate the need for interventions to prevent diabetes-related 
disabling outcomes [89, 90]. It is therefore important to translate the concept of 
sedentary breaks from a focus on cardiometabolic health into the broader arena of 
ageing, frailty and functional decline. Whilst recent observational evidence supports 
the hypothesis that greater sedentary time exacerbates the symptoms of frailty in



older adults [91–93] and that replacing sedentary behaviour with movement is 
associated with better physical function [93–96], interventional research is largely 
lacking. 
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7.7 COVID-19 

As the global COVID-19 pandemic highlighted, the interplay between COVID-19 
and T2DM entails a complex pathophysiology. COVID-19 outcomes are known to 
be more severe in people with T2DM and metabolic dysfunction [97]. As well as 
being a pivotal therapeutic interventions and the prevention and management of 
T2DM [32], physical activity is also known to enhance immunity (immune activa-
tion, immunosenescence and vaccination efficacy) [98]. Indeed, adoption of physi-
cally active lifestyles can delay the aging of the immune system and minimise the 
risk of contracting communicable and non-communicable diseases [99]. 

COVID-19 has undoubtedly changed patterns of daily life for many (Chap. 27). 
This is particularly important in those with T2DM, who are known to engage in less 
physical activity and more sedentary pursuits than those without the condition 
[76]. Observational research from 165 participants with T2DM 
(median + interquartile range [IQR] for age = 66 [59,70] years, BMI = 30.8 
[27.3,35.9] kg/m2 , 45% female) has shown that during COVID-19 restrictions, 
overall physical activity was lower by ~800 steps/day and inactive/sedentary time 
was higher by over 20 minutes per day [100]. Further analysis also demonstrated that 
higher BMI and/or being female were consistent predictors of lower physical activity 
and/or higher inactive/sedentary time. Similarly, being older and/or from ethnic 
minority groups was associated with higher inactive/sedentary time [100]. 

The overarching importance of physical activity was further demonstrated by 
Rowlands et al., where accelerometer data from 82,253 UK Biobank participants 
showed that the odds of severe COVID-19 were approximately 25% lower per 
standard deviation (~30 minutes/day) of MVPA [101], with a greater proportion 
of vigorous activity also associated with lower odds of severe and non-severe 
infections. In terms of reducing sedentary behaviour (and thus increasing physical 
activity), a recent study including 48,440 participants demonstrated that the risk of 
adverse COVID-19 outcomes (hospitalisation, admission to intensive care, death) 
associated with being physically inactive was higher than that of smoking and most 
chronic conditions (obesity, diabetes mellitus, hypertension, CVD and cancer) 
[102]. Although meeting current physical guidelines was associated with substantial 
benefit (only met by 6.4%), even those doing some physical activity had lower risks 
for severe COVID-19 outcomes versus those who were consistently inactive. Thus, 
these results show the critical role of reducing sedentary behaviours and promoting 
habitual physical activity to lower COVID-19 illness severity. Importantly, it 
appears that the intensity of the activity is less important than the decision of whether 
to be active at all.
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7.8 Conclusion 

Exorbitant sitting now resides as the default setting for the large majority of 
individuals. Over recent years, epidemiological research has been complemented 
by acute experimental and chronic intervention studies showing that breaking up 
bouts of prolonged sitting elicits significant benefits on markers of metabolic health. 
As sedentary behaviour research continues to mature, future translational work is 
likely to have a substantial public health impact. It is also likely to inform future 
policies on the optimal approaches to reducing prolonged sitting time as part of 
integrated lifestyle promotion pathways. Indeed, sedentary behaviour is already 
present in international guidelines and national diabetes prevention programmes. 

Recently, the use of telehealth and home-based exercise programmes have 
become increasingly visible. Harnessing such technology may improve continuity 
of care, promote participation (through flexible scheduling) and help to guide 
individualised tailored interventions in high-risk participants for whom breaking 
prolonged sitting time could be a viable and effective prevention/management 
strategy. The co-existence of two global pandemics (T2DM and COVID-19) has 
reinforced the notion that reducing sedentary behaviour and maintaining a physically 
active lifestyle are no longer a hobby of a few, but a necessity for all. 

References 

1. International Diabetes Federation. Diabetes Atlas, 9th Edition. 2019. http://www.idf.org/ 
diabetesatlas. Accessed June 2020. 

2. United Nations. Transforming our world: the 2030 Agenda for Sustainable Development. 
2015. https://sdgs.un.org/2030agenda, 2021. 

3. World Health Organisation. Global action plan for the prevention and control of 
noncommunicable diseases 2013–2020; 2013. https://apps.who.int/iris/handle/10665/94384 

4. Chan JCN, Lim LL, Wareham NJ, Shaw JE, Orchard TJ, Zhang P, et al. The Lancet 
Commission on diabetes: using data to transform diabetes care and patient lives. Lancet. 
2021 Dec 19;396(10267):2019–82. 

5. Hex N, Bartlett C, Wright D, Taylor M, Varley D. Estimating the current and future costs of 
Type 1 and Type 2 diabetes in the UK, including direct health costs and indirect societal and 
productivity costs. Diabet Med. 2012 Jul;29(7):855–62. 

6. Bommer C, Sagalova V, Heesemann E, Manne-Goehler J, Atun R, Barnighausen T, et al. 
Global economic burden of diabetes in adults: projections from 2015 to 2030. Diabetes Care. 
2018 May;41(5):963–70. 

7. Gillies CL, Abrams KR, Lambert PC, Cooper NJ, Sutton AJ, Hsu RT, et al. Pharmacological 
and lifestyle interventions to prevent or delay type 2 diabetes in people with impaired glucose 
tolerance: systematic review and meta-analysis. BMJ. 2007 Feb 10;334(7588):299. 

8. Gong Q, Zhang P, Wang J, Ma J, An Y, Chen Y, et al. Morbidity and mortality after lifestyle 
intervention for people with impaired glucose tolerance: 30-year results of the Da Qing 
Diabetes Prevention Outcome Study. Lancet Diabetes Endocrinol. 2019 Jun;7(6):452–61. 

9. NHS England. NHS Diabetes Prevention Programme (NHS DPP). 2020. https://www. 
england.nhs.uk/diabetes/diabetes-prevention/, 2021.

http://www.idf.org/diabetesatlas
http://www.idf.org/diabetesatlas
https://sdgs.un.org/2030agenda
https://apps.who.int/iris/handle/10665/94384
https://www.england.nhs.uk/diabetes/diabetes-prevention/
https://www.england.nhs.uk/diabetes/diabetes-prevention/


7 Sedentary Behaviour, Diabetes and the Metabolic Syndrome 207

10. Barron E, Clark R, Hewings R, Smith J, Valabhji J. Progress of the healthier you: NHS 
Diabetes Prevention Programme: referrals, uptake and participant characteristics. Diabet Med. 
2018 Apr;35(4):513–8. 

11. Public Health England. The Eatwell guide. 2018. https://www.gov.uk/government/ 
publications/the-eatwell-guide, 2021. 

12. Department of Health & Social Care. UK Chief Medical Officers’ Physical Activity Guide-
lines. 2019. https://assets.publishing.service.gov.uk/government/uploads/system/uploads/ 
attachment_data/file/832868/uk-chief-medical-officers-physical-activity-guidelines.pdf. 
Accessed December 2020. 

13. National Institute for Health and Care Excellence. Preventing type 2 diabetes: risk identifica-
tion and interventions for individuals at high risk; 2012. https://www.nice.org.uk/guidance/ 
ph38. Accessed February 2015. 

14. Public Health England. A systematic review and meta-analysis assessing the effectiveness of 
pragmatic lifestyle interventions for the prevention of type 2 diabetes mellitus in routine 
practice; 2015. 

15. Galaviz KI, Weber MB, Straus A, Haw JS, Narayan KMV, Ali MK. Global diabetes preven-
tion interventions: a systematic review and network meta-analysis of the real-world impact on 
incidence, weight, and glucose. Diabetes Care. 2018 Jul;41(7):1526–34. 

16. Valabhji J, Barron E, Bradley D, Bakhai C, Fagg J, O’Neill S, et al. Early outcomes from the 
English National Health Service Diabetes Prevention Programme. Diabetes Care. 2020 Jan;43 
(1):152–60. 

17. Ely EK, Gruss SM, Luman ET, Gregg EW, Ali MK, Nhim K, et al. a national effort to prevent 
type 2 diabetes: participant-level evaluation of CDC’s National Diabetes Prevention Program. 
Diabetes Care. 2017 Oct;40(10):1331–41. 

18. Saaristo T, Moilanen L, Korpi-Hyovalti E, Vanhala M, Saltevo J, Niskanen L, et al. Lifestyle 
intervention for prevention of type 2 diabetes in primary health care: one-year follow-up of the 
Finnish National Diabetes Prevention Program (FIN-D2D). Diabetes Care. 2010 Oct;33(10): 
2146–51. 

19. Dunbar JA, Jayawardena A, Johnson G, Roger K, Timoshanko A, Versace VL, et al. Scaling 
up diabetes prevention in Victoria, Australia: policy development, implementation, and 
evaluation. Diabetes Care. 2014 Apr;37(4):934–42. 

20. Wilson PW, D’Agostino RB, Parise H, Sullivan L, Meigs JB. Metabolic syndrome as a 
precursor of cardiovascular disease and type 2 diabetes mellitus. Circulation. 2005 Nov 
15;112(20):3066–72. 

21. Shin JA, Lee JH, Lim SY, Ha HS, Kwon HS, Park YM, et al. Metabolic syndrome as a 
predictor of type 2 diabetes, and its clinical interpretations and usefulness. J Diabetes Investig. 
2013 Jul 8;4(4):334–43. 

22. Ritchie SA, Connell JM. The link between abdominal obesity, metabolic syndrome and 
cardiovascular disease. Nutr Metab Cardiovasc Dis. 2007 May;17(4):319–26. 

23. Pietilainen KH, Kaprio J, Borg P, Plasqui G, Yki-Jarvinen H, Kujala UM, et al. Physical 
inactivity and obesity: a vicious circle. Obesity (Silver Spring). 2008 Feb;16(2):409–14. 

24. Saklayen MG. The global epidemic of the metabolic syndrome. Curr Hypertens Rep. 2018 Feb 
26;20(2):12. 

25. Scuteri A, Laurent S, Cucca F, Cockcroft J, Cunha PG, Manas LR, et al. Metabolic syndrome 
across Europe: different clusters of risk factors. Eur J Prev Cardiol. 2015 Apr;22(4):486–91. 

26. Kahn R, Buse J, Ferrannini E, Stern M. The metabolic syndrome: time for a critical appraisal. 
Joint statement from the American Diabetes Association and the European Association for the 
Study of Diabetes. Diabetologia. 2005 Sep;48(9):1684–99. 

27. Edwardson CL, Gorely T, Davies MJ, Gray LJ, Khunti K, Wilmot EG, et al. Association of 
sedentary behaviour with metabolic syndrome: a meta-analysis. PLoS One. 2012;7(4):e34916. 

28. Wilmot EG, Edwardson CL, Achana FA, Davies MJ, Gorely T, Gray LJ, et al. Sedentary time 
in adults and the association with diabetes, cardiovascular disease and death: systematic 
review and meta-analysis. Diabetologia. 2012 Nov;55(11):2895–905.

https://www.gov.uk/government/publications/the-eatwell-guide
https://www.gov.uk/government/publications/the-eatwell-guide
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/832868/uk-chief-medical-officers-physical-activity-guidelines.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/832868/uk-chief-medical-officers-physical-activity-guidelines.pdf
https://www.nice.org.uk/guidance/ph38
https://www.nice.org.uk/guidance/ph38


208 J. Henson et al.

29. Biswas A, Oh PI, Faulkner GE, Bajaj RR, Silver MA, Mitchell MS, et al. Sedentary time and 
its association with risk for disease incidence, mortality, and hospitalization in adults: a 
systematic review and meta-analysis. Ann Intern Med. 2015 Jan 20;162(2):123–32. 

30. Grontved A, Hu FB. Television viewing and risk of type 2 diabetes, cardiovascular disease, 
and all-cause mortality: a meta-analysis. JAMA. 2011 Jun 15;305(23):2448–55. 

31. Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Cardon G, et al. World Health 
Organization 2020 guidelines on physical activity and sedentary behaviour. Br J Sports Med. 
2020 Dec;54(24):1451–62. 

32. Colberg SR, Sigal RJ, Yardley JE, Riddell MC, Dunstan DW, Dempsey PC, et al. Physical 
activity/exercise and diabetes: a position statement of the American Diabetes Association. 
Diabetes Care. 2016 Nov;39(11):2065–79. 

33. Dempsey PC, Biddle SJH, Buman MP, Chastin S, Ekelund U, Friedenreich CM, et al. New 
global guidelines on sedentary behaviour and health for adults: broadening the behavioural 
targets. Int J Behav Nutr Phys Act. 2020 Nov 26;17(1):151. 

34. Patterson R, McNamara E, Tainio M, de Sa TH, Smith AD, Sharp SJ, et al. Sedentary 
behaviour and risk of all-cause, cardiovascular and cancer mortality, and incident type 
2 diabetes: a systematic review and dose response meta-analysis. Eur J Epidemiol. 2018 
Sep;33(9):811–29. 

35. Henson J, Dunstan DW, Davies MJ, Yates T. Sedentary behaviour as a new behavioural target 
in the prevention and treatment of type 2 diabetes. Diabetes Metab Res Rev. 2016 Jan;32 
(Suppl 1):213–20. 

36. Henson J, Davies MJ, Bodicoat DH, Edwardson CL, Gill JM, Stensel DJ, et al. Breaking up 
prolonged sitting with standing or walking attenuates the postprandial metabolic response in 
postmenopausal women: a randomized acute study. Diabetes Care. 2016 Jan;39(1):130–8. 

37. Henson J, Yates T, Edwardson CL, Khunti K, Talbot D, Gray LJ, et al. Sedentary time and 
markers of chronic low-grade inflammation in a high risk population. PLoS One. 2013 Oct 
29;8(10):e78350. 

38. Yates T, Edwardson CL, Celis-Morales C, Biddle SJH, Bodicoat D, Davies MJ, et al. 
Metabolic effects of breaking prolonged sitting with standing or light walking in older 
South Asians and White Europeans: a randomized acute study. J Gerontol A Biol Sci Med 
Sci. 2018 Nov 7;75(1):139–46. 

39. McCarthy M, Edwardson CL, Davies MJ, Henson J, Rowlands A, King J, et al. Breaking up 
sedentary time with seated upper body activity can regulate metabolic health in obese high risk 
adults: a randomised crossover trial. Diabetes Obes Metab. 2017 May 23;19(12):1732–9. 

40. Chastin SFM, De Craemer M, De Cocker K, Powell L, Van Cauwenberg J, Dall P, et al. How 
does light-intensity physical activity associate with adult cardiometabolic health and mortal-
ity? Systematic review with meta-analysis of experimental and observational studies. Br J 
Sports Med. 2019 Mar;53(6):370–6. 

41. Guo C, Zhou Q, Zhang D, Qin P, Li Q, Tian G, et al. Association of total sedentary behaviour 
and television viewing with risk of overweight/obesity, type 2 diabetes and hypertension: A 
dose-response meta-analysis. Diabetes Obes Metab. 2020 Jan;22(1):79–90. 

42. Bowman SA. Television-viewing characteristics of adults: correlations to eating practices and 
overweight and health status. Prev Chronic Dis. 2006 Apr;3(2):A38. 

43. Hobbs M, Pearson N, Foster PJ, Biddle SJ. Sedentary behaviour and diet across the lifespan: 
an updated systematic review. Br J Sports Med. 2015 Sep;49(18):1179–88. 

44. Bailey DP, Hewson DJ, Champion RB, Sayegh SM. Sitting time and risk of cardiovascular 
disease and diabetes: a systematic review and meta-analysis. Am J Prev Med. 2019 Sep;57(3): 
408–16. 

45. Kulinski JP, Khera A, Ayers CR, Das SR, de Lemos JA, Blair SN, et al. Association between 
cardiorespiratory fitness and accelerometer-derived physical activity and sedentary time in the 
general population. Mayo Clin Proc. 2014 Aug;89(8):1063–71.



7 Sedentary Behaviour, Diabetes and the Metabolic Syndrome 209

46. van der Velde JHPM, Koster A, van der Berg JD, SJS S, van der Kallen CJH, Dagnelie PC, 
et al. Sedentary Behavior, Physical Activity, and Fitness-The Maastricht Study. Med Sci 
Sports Exerc. 2017 Aug;49(8):1583–91. 

47. Knaeps S, Bourgois JG, Charlier R, Mertens E, Lefevre J, Wijndaele K. Ten-year change in 
sedentary behaviour, moderate-to-vigorous physical activity, cardiorespiratory fitness and 
cardiometabolic risk: independent associations and mediation analysis. Br J Sports Med. 
2018 Aug;52(16):1063–8. 

48. van der Velde JHPM, Schaper NC, Stehouwer CDA, van der Kallen CJH, Sep SJS, Schram 
MT, et al. Which is more important for cardiometabolic health: sedentary time, higher intensity 
physical activity or cardiorespiratory fitness? The Maastricht Study. Diabetologia. 2018 
Dec;61(12):2561–9. 

49. McCarthy M, Edwardson CL, Davies MJ, Henson J, Bodicoat DH, Khunti K, et al. Fitness 
moderates glycemic responses to sitting and light activity breaks. Med Sci Sports Exerc. 2017 
Jun 8;49(11):2216–22. 

50. Bakrania K, Edwardson CL, Bodicoat DH, Esliger DW, Gill JM, Kazi A, et al. Associations of 
mutually exclusive categories of physical activity and sedentary time with markers of 
cardiometabolic health in English adults: a cross-sectional analysis of the Health Survey for 
England. BMC Public Health. 2016 Jan 12;16(1):25. 

51. Henson J, Edwardson CL, Morgan B, Horsfield MA, Khunti K, Davies MJ, et al. Sedentary 
time and MRI-derived measures of adiposity in active versus inactive individuals. Obesity 
(Silver Spring). 2018 Jan;26(1):29–36. 

52. Ross R, Chaput JP, Giangregorio LM, Janssen I, Saunders TJ, Kho ME, et al. Canadian 
24-hour movement guidelines for adults aged 18–64 years and adults aged 65 years or older: 
an integration of physical activity, sedentary behaviour, and sleep. Appl Physiol Nutr Metab. 
2020 Oct;45(10):S57–S102. 

53. Buman MP, Winkler EA, Kurka JM, Hekler EB, Baldwin CM, Owen N, et al. Reallocating 
time to sleep, sedentary behaviors, or active behaviors: associations with cardiovascular 
disease risk biomarkers, NHANES 2005–2006. Am J Epidemiol. 2014 Feb 1;179(3):323–34. 

54. Edwardson CL, Henson J, Bodicoat DH, Bakrania K, Khunti K, Davies MJ, et al. Associations 
of reallocating sitting time into standing or stepping with glucose, insulin and insulin sensi-
tivity: a cross-sectional analysis of adults at risk of type 2 diabetes. BMJ Open. 2017 Jan 13;7 
(1):e014267. 

55. Falconer CL, Page AS, Andrews RC, Cooper AR. the potential impact of displacing sedentary 
time in adults with type 2 diabetes. Med Sci Sports Exerc. 2015 Oct;47(10):2070–5. 

56. Hamer M, Stamatakis E, Steptoe A. Effects of substituting sedentary time with physical 
activity on metabolic risk. Med Sci Sports Exerc. 2014 Oct;46(10):1946–50. 

57. Henson J, Edwardson CL, Bodicoat DH, Bakrania K, Davies MJ, Khunti K, et al. Reallocating 
sitting time to standing or stepping through isotemporal analysis: associations with markers of 
chronic low-grade inflammation. J Sports Sci. 2018 Jul;36(14):1586–93. 

58. Yates T, Henson J, Edwardson C, Dunstan D, Bodicoat DH, Khunti K, et al. Objectively 
measured sedentary time and associations with insulin sensitivity: Importance of reallocating 
sedentary time to physical activity. Prev Med. 2015 Jul;76:79–83. 

59. Dumuid D, Stanford TE, Martin-Fernandez JA, Pedisic Z, Maher CA, Lewis LK, et al. 
Compositional data analysis for physical activity, sedentary time and sleep research. Stat 
Methods Med Res. 2017 Jan 01;27(12):3726–38. 

60. Dumuid D, Pedisic Z, Stanford TE, Martin-Fernandez JA, Hron K, Maher CA, et al. The 
compositional isotemporal substitution model: a method for estimating changes in a health 
outcome for reallocation of time between sleep, physical activity and sedentary behaviour. Stat 
Methods Med Res. 2019 Mar;28(3):846–57. 

61. Biddle GJH, Edwardson CL, Henson J, Davies MJ, Khunti K, Rowlands AV, et al. Associ-
ations of physical behaviours and behavioural reallocations with markers of metabolic health: 
a compositional data analysis. Int J Environ Res Public Health. 2018 Oct 17;15(10):2280. 
https://doi.org/10.3390/ijerph15102280.

https://doi.org/10.3390/ijerph15102280


210 J. Henson et al.

62. Chastin SF, Palarea-Albaladejo J, Dontje ML, Skelton DA. Combined effects of time spent in 
physical activity, sedentary behaviors and sleep on obesity and cardio-metabolic health 
markers: a novel compositional data analysis approach. PLoS One. 2015 Oct 15;10(10): 
e0139984. 

63. Grgic J, Dumuid D, Bengoechea EG, Shrestha N, Bauman A, Olds T, et al. Health outcomes 
associated with reallocations of time between sleep, sedentary behaviour, and physical activ-
ity: a systematic scoping review of isotemporal substitution studies. Int J Behav Nutr Phys Act. 
2018 Jul 13;15(1):69. 

64. Janssen I, Clarke AE, Carson V, Chaput JP, Giangregorio LM, Kho ME, et al. A systematic 
review of compositional data analysis studies examining associations between sleep, sedentary 
behaviour, and physical activity with health outcomes in adults. Appl Physiol Nutr Metab. 
2020 Oct;45(10):S248–57. 

65. Powell C, Browne LD, Carson BP, Dowd KP, Perry IJ, Kearney PM, et al. Use of composi-
tional data analysis to show estimated changes in cardiometabolic health by reallocating time 
to light-intensity physical activity in older adults. Sports Med. 2020 Jan;50(1):205–17. 

66. Healy GN, Winkler EA, Owen N, Anuradha S, Dunstan DW. Replacing sitting time with 
standing or stepping: associations with cardio-metabolic risk biomarkers. Eur Heart J. 2015 Jul 
30;36(39):2643–9. 

67. Biddle GJH, Edwardson CL, Henson J, Rowlands AV, Yates T. Reply to Mekary, R.A.; Ding, 
E.L. Isotemporal substitution as the gold standard model for physical activity epidemiology: 
why it is the most appropriate for activity time research. Int. J. Environ. Res. Public Health 
2019, 16, 797. Int J Environ Res Public Health. 2019 Aug 12;16(16):2885. https://doi.org/10. 
3390/ijerph16162885. 

68. Mekary RA, Ding EL. Isotemporal substitution as the gold standard model for physical 
activity epidemiology: why it is the most appropriate for activity time research. Int J Environ 
Res Public Health. 2019 Mar 5;16(5):797. https://doi.org/10.3390/ijerph16050797. 

69. Biddle GJH, Henson J, Biddle SJH, Davies MJ, Khunti K, Rowlands AV, et al. Modelling the 
reallocation of time spent sitting into physical activity: isotemporal 
substitution vs. compositional isotemporal substitution. Int J Environ Res Public Health. 
2021 Jun 8;18(12):6210. https://doi.org/10.3390/ijerph18126210. 

70. Yates T, Edwardson CL, Henson J, Zaccardi F, Khunti K, Davies MJ. Prospectively 
reallocating sedentary time: associations with cardiometabolic health. Med Sci Sports Exerc. 
2020 Apr;52(4):844–50. 

71. Winkler EAH, Chastin S, Eakin EG, Owen N, Lamontagne AD, Moodie M, et al. 
Cardiometabolic impact of changing sitting, standing, and stepping in the workplace. Med 
Sci Sports Exerc. 2018 Mar;50(3):516–24. 

72. Dempsey PC, Larsen RN, Sethi P, Sacre JW, Straznicky NE, Cohen ND, et al. Benefits for 
type 2 diabetes of interrupting prolonged sitting with brief bouts of light walking or simple 
resistance activities. Diabetes Care. 2016 Jun;39(6):964–72. 

73. Peddie MC, Bone JL, Rehrer NJ, Skeaff CM, Gray AR, Perry TL. Breaking prolonged sitting 
reduces postprandial glycemia in healthy, normal-weight adults: a randomized crossover trial. 
Am J Clin Nutr. 2013;98(2):358–66. 

74. Dunstan DW, Kingwell BA, Larsen R, Healy GN, Cerin E, Hamilton MT, et al. Breaking up 
prolonged sitting reduces postprandial glucose and insulin responses. Diabetes Care. 2012 Feb 
28;35(5):976–83. 

75. Han HO, Lim J, Viskochil R, Aguiar EJ, Tudor-Locke C, Chipkin SR. Pilot study of impact of 
a pedal desk on postprandial responses in sedentary workers. Med Sci Sports Exerc. 2018 
Oct;50(10):2156–63. 

76. Kennerly AM, Kirk A. Physical activity and sedentary behaviour of adults with type 2 diabetes: 
a systematic review. Pract Diabetes. 2018;35(3):86–9. 

77. Loh R, Stamatakis E, Folkerts D, Allgrove JE, Moir HJ. Effects of interrupting prolonged 
sitting with physical activity breaks on blood glucose, insulin and triacylglycerol measures: a 
systematic review and meta-analysis. Sports Med. 2020 Feb;50(2):295–330.

https://doi.org/10.3390/ijerph16162885
https://doi.org/10.3390/ijerph16162885
https://doi.org/10.3390/ijerph16050797
https://doi.org/10.3390/ijerph18126210


7 Sedentary Behaviour, Diabetes and the Metabolic Syndrome 211

78. Pereira MA, Mullane SL, Toledo MJL, Larouche ML, Rydell SA, Vuong B, et al. Efficacy of 
the ‘stand and move at work’ multicomponent workplace intervention to reduce sedentary time 
and improve cardiometabolic risk: a group randomized clinical trial. Int J Behav Nutr Phys 
Act. 2020 Oct 27;17(1):133. 

79. Dempsey PC, Larsen RN, Winkler EAH, Owen N, Kingwell BA, Dunstan DW. Prolonged 
uninterrupted sitting elevates postprandial hyperglycaemia proportional to degree of insulin 
resistance. Diabetes Obes Metab. 2018 Jun;20(6):1526–30. 

80. Henson J, Edwardson CL, Celis-Morales CA, Davies MJ, Dunstan DW, Esliger DW, et al. 
Predictors of the acute postprandial response to breaking up prolonged sitting. Med Sci Sports 
Exerc. 2020 Jun;52(6):1385–93. 

81. Gholap N, Davies M, Patel K, Sattar N, Khunti K. Type 2 diabetes and cardiovascular disease 
in South Asians. Prim Care Diabetes. 2011 Apr;5(1):45–56. 

82. Barnett AH, Dixon AN, Bellary S, Hanif MW, O’Hare JP, Raymond NT, et al. Type 2 diabetes 
and cardiovascular risk in the UK south Asian community. Diabetologia. 2006 Oct;49(10): 
2234–46. 

83. Lucas A, Murray E, Kinra S. Heath beliefs of UK South Asians related to lifestyle diseases: a 
review of qualitative literature. J Obes. 2013;2013:827674. 

84. Hadgraft NT, Winkler E, Climie RE, Grace MS, Romero L, Owen N, et al. Effects of sedentary 
behaviour interventions on biomarkers of cardiometabolic risk in adults: systematic review 
with meta-analyses. Br J Sports Med. 2021 Feb;55(3):144–54. 

85. Nieste I, Franssen WMA, Spaas J, Bruckers L, Savelberg HHCM, Eijnde BO. Lifestyle 
interventions to reduce sedentary behaviour in clinical populations: a systematic review and 
meta-analysis of different strategies and effects on cardiometabolic health. Prev Med. 2021 
Jul;148:106593. 

86. Bianchi L, Volpato S. Muscle dysfunction in type 2 diabetes: a major threat to patient’s 
mobility and independence. Acta Diabetol. 2016 Dec;53(6):879–89. 

87. Mickute M, Henson J, Rowlands AV, Sargeant JA, Webb D, Hall AP, et al. Device-measured 
physical activity and its association with physical function in adults with type 2 diabetes 
mellitus. Diabet Med. 2020 Aug;26:e14393. 

88. Sinclair A, Morley J. Frailty and diabetes. Lancet. 2013 Oct 26;382(9902):1386–7. 
89. Sinclair AJ, Abdelhafiz A, Dunning T, Izquierdo M, Rodriguez Manas L, Bourdel-March-

asson I, et al. An international position statement on the management of frailty in diabetes 
mellitus: summary of recommendations 2017. J Frailty Aging. 2018;7(1):10–20. 

90. Strain WD, Hope SV, Green A, Kar P, Valabhji J, Sinclair AJ. Type 2 diabetes mellitus in 
older people: a brief statement of key principles of modern day management including the 
assessment of frailty. A national collaborative stakeholder initiative. Diabet Med. 2018 Jul;35 
(7):838–45. 

91. da Silva CR, de Queiroz BM, Oliveira DS, das Merces MC, Oliveira Carneiro JA, Pereira R, 
et al. Cross-sectional relationships between sedentary behavior and frailty in older adults. J 
Sports Med Phys Fitness. 2017 Jun;57(6):825–30. 

92. Blodgett J, Theou O, Kirkland S, Andreou P, Rockwood K. The association between sedentary 
behaviour, moderate-vigorous physical activity and frailty in NHANES cohorts. Maturitas. 
2015 Feb;80(2):187–91. 

93. Kehler DS, Hay JL, Stammers AN, Hamm NC, Kimber DE, Schultz ASH, et al. A systematic 
review of the association between sedentary behaviors with frailty. Exp Gerontol. 2018 
Dec;114:1–12. 

94. Sardinha LB, Ekelund U, dos Santos L, Cyrino ES, Silva AM, Santos DA. Breaking-up 
sedentary time is associated with impairment in activities of daily living. Exp Gerontol. 2015 
Dec;72:278. 

95. Lerma NL, Cho CC, Swartz AM, Miller NE, Keenan KG, Strath SJ. Isotemporal substitution 
of sedentary behavior and physical activity on function. Med Sci Sports Exerc. 2018 Apr;50 
(4):792–800.



212 J. Henson et al.

96. Nagai K, Tamaki K, Kusunoki H, Wada Y, Tsuji S, Ito M, et al. Isotemporal substitution of 
sedentary time with physical activity and its associations with frailty status. Clin Interv Aging. 
2018 Sep;25(13):1831–6. 

97. Hartmann-Boyce J, Rees K, Perring JC, Kerneis SA, Morris EM, Goyder C, et al. Risks of and 
from SARS-CoV-2 infection and COVID-19 in people with diabetes: a systematic review of 
reviews. Diabetes Care. 2021 Oct 28;44(12):2790–811. 

98. Chastin SFM, Abaraogu U, Bourgois JG, Dall PM, Darnborough J, Duncan E, et al. Effects of 
regular physical activity on the immune system, vaccination and risk of community-acquired 
infectious disease in the general population: systematic review and meta-analysis. Sports Med. 
2021 Aug;51(8):1673–86. 

99. Campbell JP, Turner JE. Debunking the myth of exercise-induced immune suppression: 
redefining the impact of exercise on immunological health across the lifespan. Front Immunol. 
2018 Apr;16(9):648. 

100. Rowlands AV, Henson JJ, Coull NA, Edwardson CL, Brady E, Hall A, et al. The impact of 
COVID-19 restrictions on accelerometer-assessed physical activity and sleep in individuals 
with type 2 diabetes. Diabet Med. 2021 Mar;1:e14549. 

101. Rowlands AV, Dempsey PC, Gillies C, Kloecker DE, Razieh C, Chudasama Y, et al. 
Association Between Accelerometer-Assessed Physical Activity and Severity of COVID-19 
in UK Biobank. Mayo Clin Proc Innov Qual Outcomes. 2021 Dec;5(6):997–1007. 

102. Sallis R, Young DR, Tartof SY, Sallis JF, Sall J, Li Q, et al. Physical inactivity is associated 
with a higher risk for severe COVID-19 outcomes: a study in 48,440 adult patients. Br J Sports 
Med. 2021 Oct;55(19):1099–105.



Chapter 8 
Sedentary Behaviour and Cardiovascular 
Disease 

Emmanuel Stamatakis, Leandro F. M. Rezende, and Juan Pablo Rey-López 

Abstract Sedentary behaviour is ubiquitous in high-income countries and increas-
ingly so in low- to middle-income countries. Sedentary behaviour research has made 
substantial progress in the last 15 years, including a consensus on the definition of 
sedentary behaviour, the development and standardisation of methods that acknowl-
edge displacement effects and a plethora of mechanistic studies. Despite such 
progress, our understanding of the independent effects of sedentary behaviour on 
cardiovascular health and cardiovascular disease occurrence is still incomplete. 
Multiple methodological and interpretational issues hinder a confident translation 
of available research into interventions and guidelines aimed at the primary preven-
tion of cardiovascular disease. Such issues include a paucity of prospective longitu-
dinal studies measuring actual posture, the influence of pre-existing illness and 
reverse causation, the dependence of sedentary behaviour effects on physical activity 
levels, the exaggerated benefits of replacing siting with standing and the causal 
interpretations of poor sedentary behaviour markers such as television viewing. In 
young people, the overwhelming majority of the evidence examining the links 
between objectively assessed sedentary behaviour and surrogate markers of cardio-
vascular health is cross-sectional and the few prospective studies point towards no 
associations. The best available epidemiological evidence on self-reported sitting 
time in adults suggests that the risk for incident cardiovascular disease is elevated at 
around 10 h/day and over. Considering that self-reported measures underestimate
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actual sitting times considerably, it is likely that the ‘true’ threshold is higher. The 
causality of sitting time and cardiovascular disease is far from established. Besides, 
the biological mechanisms that would explain any ‘independent’ effect of sitting 
time are not proven in humans, despite a plethora of proposed hypotheses 
(e.g. endothelial damage, lipoprotein lipase activation). The association between 
high sedentary time and cardiovascular disease appears to be modified by physical 
activity; equivalents of approximately 45–60 minutes of moderate intensity activity 
per day appear to largely offset cardiovascular events risk. Since such an amount of 
daily physical activity may be beyond the reach of large parts of the population, 
advocates of the sedentary behaviour paradigm recommend to replace sitting with 
physical activity of any intensity for cardiovascular health benefits, particularly 
among the most physically inactive middle aged and older population groups and 
those who are likely to be resistant or unable to increase physical activity of 
moderate-to-vigorous intensity. Further research efforts are warranted for optimising 
the device-based measurement of sedentary behaviour in large-scale observational 
studies and consortia, for understanding better its independent cardiovascular effects 
and mechanisms of action – if any such mechanisms exist.
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What Is New?
• The cardiovascular health consequences on high sedentary behaviour times 

are a relatively new but established field of research.
• Based on best available self-reported evidence, approximately 10 h of 

sitting or more per day is associated with elevated cardiovascular 
disease risk.

• Based on best available self-reported evidence, 45–60 minutes of moderate-
to-vigorous physical activity per day attenuate (substantially) the associa-
tions of sitting time with cardiovascular disease.

• It is uncertain if the associations of sedentary behaviour and cardiovascular 
disease-related outcomes are causal.

• Emerging observational studies and consortia utilising robust designs and 
measurements of actual posture are likely to advance the field of sedentary 
behaviour and cardiovascular health in the years to come. 

8.1 Introduction 

Modern lifestyle has brought innumerable advantages in terms of increasing 
humans’ lifespan. However, it is undisputable that human biology is mismatched 
to a myriad of exposures common in modern societies. Although daily time spent in 
non-ambulatory postures by modern humans has not changed relative to 
hunter-gatherer times, our evolutionary ancestors practiced ‘active rest’ involving



muscle-engaging postures like squatting and sitting on the floor [1]. Excessive 
chair-sitting in modern times, on the other hand, leads to minimal muscle contrac-
tions and compromised muscle metabolic function. Another one of many mis-
matches has occurred in the occupational domain, where rapid advances in 
technology (computers, robotics, etc.) elicit lower physical activity-related energy 
expenditure (including more sitting time) at workplaces compared with prior 
decades [2, 3]. In a similar way, sitting time today may be more prevalent in most 
regions around the world due to the wide use of motorised ways of transport 
(e.g. cars) and the nature of the predominant leisure time activities (e.g. screen-
based activities) [4]. 
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In 2019, ischaemic heart disease and stroke were the leading causes of disease 
burden worldwide for adults aged 50 years and over [5]. Since 2013, cardiovascular 
disease has also become the main cause of death and disability-adjusted life years in 
developing countries too, overcoming deaths due to infection and neonatal disorders 
[6]. In the coming decades, the burden of cardiovascular disease is expected to rise 
sharply in both the developed and developing countries due to the population ageing 
and the upward trajectory increase in the prevalence of several cardiovascular 
disease risk factors, such as ultra-processed food consumption [7] and obesity 
[8]. In the United States, for example, cardiovascular disease prevalence has been 
projected to rise by 10% between 2010 and 2030 [9]. The importance of moderate-
to-vigorous physical activity for preventing and treating cardiovascular disease is 
well established, and this is reflected by the consistent and prominent inclusion of 
quantitative physical activity guidance in position statements or treatment/preven-
tion recommendations put forward by major cardiovascular health authorities around 
the world, such as the American Heart Association [10, 11], the Joint British 
Societies [12] and the Brazilian Society of Cardiology [13]. For more information 
on existing recommendations on sedentary behaviour please refer to Sect. 1.3. This 
is not surprising given that the question of whether sedentary behaviour is a 
promising target for preventing cardiovascular disease in its own right has been 
posed relatively recently and remains unanswered, as we shall see in the following 
sections. For many decades, both cardiovascular medicine and health promotion 
were concerned with structured aerobic exercise of a given dose and intensity, but 
this unilateral approach was abandoned in the years that followed the publication and 
dissemination of the US Surgeon General’s report on ‘Physical Activity and Health’, 
which had incidental moderate intensity physical activity at its very core [14]. The 
main attraction of targeting solely sedentary behaviour as a health intervention 
(as opposed to promoting moderate-to-vigorous physical activity) is the widespread 
perception that many of the barriers commonly encountered in starting and adhering 
to a physical activity programme (e.g. lack of time, affordability, need for supervi-
sion by a trained expert, poor access to exercise facilities, deconditioning and 
inadequate skills and fitness levels) are less relevant for interventions aiming to 
minimise sedentary behaviour. In other words, it is only a relatively small part of the 
adult population who can and are willing to engage in physical activity, but it is well 
within everyone’s capacity to sit less (see Fig. 8.1).



216 E. Stamatakis et al.

F
ig
. 
8.
1 

A
 s
im

pl
ifi
ed
 r
ep
re
se
nt
at
io
n 
of
 t
he
 2
4-
ho

ur
 p
hy
si
ca
l 
ac
tiv
ity
 a
nd

 s
le
ep
 c
on

tin
uu

m
 a
cc
or
di
ng

 t
o 
(f
ro
m
 b
ot
to
m
 t
o 
to
p)
: 
ph

ys
io
lo
gi
ca
l 
st
at
us
, 
po

st
ur
e,
 

co
nt
ex
t a
nd

 n
at
ur
e.
 T
he
 s
ed
en
ta
ry
 b
eh
av
io
ur
 p
ar
ad
ig
m
 is
 p
ri
m
ar
ily

 c
on

ce
rn
ed
 w
ith

 r
ep
la
ci
ng

 ti
m
e 
sp
en
t s
itt
in
g 
(<

1.
5 
M
E
T
) 
w
ith

 a
n 
up

ri
gh

t p
os
tu
re
 o
f 
lo
w
 li
gh

t 
an
d 
up

pe
r 
lig

ht
 a
ct
iv
iti
es
 o
f 
da
ily

 l
iv
in
g,
 a
n 
ap
pr
oa
ch
 t
ha
t 
is
 a
ss
um

ed
 to

 b
e 
m
or
e 
fe
as
ib
le
 t
ha
n 
th
e 
hi
st
or
ic
al
 f
oc
us
 o
f 
pu

bl
ic
 h
ea
lth

 a
nd

 c
ar
di
ov

as
cu
la
r 
cl
in
ic
al
 

pr
ac
tic
e 
on

 m
od

er
at
e 
an
d 
vi
go

ro
us
 i
nt
en
si
ty
 p
hy

si
ca
l 
ac
tiv

ity
 a
nd

 s
tr
uc
tu
re
d 
ex
er
ci
se



8 Sedentary Behaviour and Cardiovascular Disease 217

8.1.1 Defining Sedentary Behaviour 

Historically, the term ‘sedentary’ had been used interchangeably with the term 
‘physically inactive’ to denote low or no engagement in physical activities. One of 
the first attempts to delineate a unique definition was published in 2008 and involved 
only the physiological (energy expenditure-related) aspects of sedentary behaviour, 
that is, an energy expenditure rate of <1.5 metabolic equivalents (METs) [15]. The 
uptake of this definition was relatively modest, and no universal consensus had been 
reached during the first 10–15 years of sedentary behaviour research [16]. In 2017, 
the Sedentary Behaviour Research Network filled this gap with the Terminology 
Consensus Project [17], a systematically developed comprehensive definition frame-
work for relevant terms (including physical inactivity, stationary behaviour and 
sedentary behaviour). The 2017 definition for ‘sedentary behaviour’ (an energy 
expenditure rate < 1.5 METs in a sitting or reclining posture during waking times) 
was essentially identical to a 2013 Sedentary Behaviour Research Network defini-
tion proposed in a letter-to-the editor [18] (Sect. 1.1). Although the existence of a 
systematically developed terminology framework is invaluable, there are areas for 
further improvement in the 2017 definition of ‘sedentary behaviour’. For example, 
the inclusion of reclining in the latter definition may have questionable public health 
relevance as daytime reclining is a rather unusual behaviour in most contexts 
(e.g. work, transportation, socialising). As previously noted [19], the tabled MET 
values for common types of sitting range from 1 to 2 METs [20] and therefore do not 
strictly conform with this definition. Additionally, this definition does not readily 
define the societal, and operational context of sedentary behaviour (see Fig. 8.1). For 
epidemiologic studies with cardiovascular disease endpoints (or any other major 
health outcome), the context where sedentary behaviour takes place is important 
because, for example, every domain has its own (measured, unmeasured or 
unmeasurable) confounders that may obscure our understanding of its links with 
health outcomes and because understanding of the context is necessary for designing 
targeted interventions. 

8.1.2 Historical Context of Sedentary Behaviour 
as a Cardiovascular Risk Factor 

The first study that provided indirect and unintentional evidence on sedentary 
behaviour and cardiovascular health was Jerry Morris’ (1953) seminal epidemiolog-
ical study among 31,000 employees of London Transport aged 35–64 years 
[21]. Although the study was not specifically designed to disentangle the cardiovas-
cular benefits of physical activity from the risks of sitting, the main finding was that 
the largely sedentary bus drivers had almost double the age-adjusted rate of fatal 
coronary heart disease when compared with conductors who spent much of their 
workday climbing stairs, walking and standing. Morris’ work is also the very first



example of a study where the context of bus drivers’ sitting was not fully accounted 
for, that is, the fact that, contrary to bus conductors, bus drivers had limited or no 
opportunity for potentially cardiovascular health promoting social interactions [22] 
during the work day. Nevertheless, in the following decades, other studies that 
compared cardiovascular disease risk between sedentary and routinely active occu-
pations confirmed Morris’ findings. But for almost 50 years following Morris’ 
publication, sedentary behaviour received hardly any explicit attention as a distinct 
behavioural cardiovascular health risk factor. The precursors of the field of sedentary 
behaviour as distinct from physical activity can be traced back to two high-profile 
publications at the turn of the century [16, 23, 24] that coined the term ‘non-exercise 
activity thermogenesis’ (NEAT), a term describing incidental movement and 
non-structured low-intensity physical activity such as fidgeting, standing, ambulat-
ing and incidental walking. The core NEAT proposition was that as structured 
exercise makes up a very small proportion of daily physical activity energy expen-
diture, obesity can be tackled by energy expenditure increases through incidental 
movement, fidgeting and less sitting. It was not until the turn of the millennium when 
the first epidemiologic studies of TV viewing and obesity [25–27] or broader 
cardiometabolic risk [27, 28] contextualised sedentary behaviour as a distinct 
behavioural cardiovascular disease risk factor that may not simply be the inverse 
of moderate-to-vigorous physical activity. The eloquent review of Hamilton et al. 
[29] gave further momentum to the field by proposing a widely cited physiological 
and mechanistic framework for the cardiometabolic effects of sedentary behaviour 
that was distinct from the pathways through which physical activity exerted its 
beneficial effects on the cardiovascular system. Hamilton’s proposition, which was 
enthusiastically promoted by mass media, defined the initially epidemiological 
framework for examining the links between sedentary behaviour and physical 
activity and cardiovascular health (Fig. 8.2). There were calls to introduce public 
health guidelines on sitting as early as 2008 [30]. The response to a relatively small 
volume of accumulated research in this area has been the inclusion of sedentary 
behaviour related messages in several national physical activity guidelines aimed at 
adults and children, including the United Kingdom in 2011 [31], Australia [32], 
New Zealand [33], Canada [34], Germany [35], Norway [36] (see Table 8.1) and in 
statements of eminent scientific authorities [37]. A set of quantitative workplace-
specific sedentary behaviour guidelines [38] recommended reducing worktime sit-
ting by up to 4 h/day. Calls for developing population-wide quantitative sitting 
guidance continued apace, and they were eventually actioned by the 2020 Canadian 
24-hour movement guidelines, which included a specific threshold for limiting daily 
sitting to under <8 h, as well as recommendations for increasing number of 
‘sedentary breaks’ and standing more [39]. The sedentary behaviour-centric Cana-
dian 2020 guidelines, which to some extend were derived using cross-sectional 
evidence [40], are an exception rather than the rule. Both the World Health Orga-
nization Guidelines Development Group (WHOGDG) in 2020 and the Physical 
Activity Guidelines for Americans Committee (PAGAC) in 2018, which reviewed 
roughly the same evidence base reviewed by the Canadian guidelines, were consid-
erably more conservative in their handling of sedentary behaviour recommendations.
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For example, WHOGDG included one generic recommendation on limiting seden-
tary time [41], and PAGAC [42] did acknowledge sedentary behaviour but provided 
no specific recommendation. Please refer to Sect. 1.3 for more information on 
existing recommendations on sedentary behaviour. 
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Fig. 8.2 A nearly conceptualisation of the relationships between sedentary behaviour, physical 
activity and cardiovascular outcomes 

8.1.3 Prevalence of Sitting 

Among other reasons, understanding the prevalence of sedentary behaviour in the 
population is important because of the likely ‘threshold effect’ characterising the 
association between sitting and cardiovascular disease, as elaborated in the sections 
below. That is, a threshold of daily amounts of sitting below which we do not 
observe elevated cardiovascular disease risks at the population level, such as the 
threshold that has been described for sitting and all-cause mortality [43]. There is a 
plethora of studies describing the distribution of sedentary behaviour in a variety of 
settings and populations. A comparative study of over 49,000 adults in 20 countries 
[44] reported a median of 5 h of self-reported sitting a day but also considerable 
between-country variation, with daily medians ranging from 3 h or less (Portugal, 
Brazil and Colombia) to 6 h or more (Taiwan, Norway, Hong Kong, Saudi Arabia 
and Japan). This median of about 5 h/day is concordant with a study of over 27,000 
adults from 32 European countries where the median across all countries was 5 h/day
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[45] and self-reported US data [19]. A more recent comprehensive scoping review of 
country-level questionnaire data representing 47% of the global adult population 
found that the median of mean daily sitting times was 4.7 (interquartile range (IQR): 
3.5–5.1) hours across all countries. Sitting time was higher in high-income countries 
compared to lower-income countries (4.9 vs 2.7 h) [46]. 
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On the other hand, it is not clear whether total sitting has changed in the recent 
decades. A review estimated that mean occupational energy expenditure in US men 
has decreased by some 140 calories/day over the period from 1960 to 2006 [3]. In 
contrast, a study on trends of total sitting from 27 European countries found that the 
prevalence of self-reported high sitting (>7.5 h/day) decreased steadily from 23.1% 
in 2002 to 21.8% in 2005 and 17.8% in 2013 [47]. 

National surveillance studies that used waist-worn accelerometers to estimate the 
prevalence of sedentary behaviour reported much higher daily averages than the self-
reported studies cited above, for example, 7.5–8 h/day for working age adults in the 
United States [48] and 9.5 h/day for working age adults in England in 2008 
[49]. Waist-worn devices used in the above national US and UK accelerometry



studies have numerous limitations as a sedentary behaviour prevalence monitoring 
tool, including their innate inability to differentiate between sitting and standing, the 
incomplete recording times as they are typically worn for approximately 80–85% of 
waking time around or an average of about 13–14 h/day [48, 49], with the remaining 
15–20% (3–4 h/day) being unclassified. Interestingly, in a large population study of 
over 200,000 Australians aged 45 years and over [50], the sum of self-reported 
sitting and standing was 9.1 h/day (5 h/day sitting plus 4.1 h/day standing). These 
averages of self-reported sedentary time are roughly comparable with the waist 
accelerometry estimates of the English study above [49] but are well below the 
sitting times reported in studies that used thigh-worn accelerometers (which are the 
only devices that can specifically differentiate time spent sitting/reclining, standing 
and stepping) [51–54]. Although such studies were not sampled to be nationally 
representative and vary considerably in scope/geographical context/age range, they 
have reported remarkably consistent average postural allocation times. For example, 
the Australian Diabetes, Obesity, and Lifestyle Study (AusDiab) of 700 participants 
aged 35 years and over recorded an average of 8.9 h/day of sitting [51], the 
Maastricht Study of approximately 2500 Dutch participants aged 40–75 recorded 
9.4 h of sitting/day [52] and the 1970 British Cohort study that recorded an average 
of 9.3 h/day in a sample of adults aged 43–46 years [53, 54]. While the diverse 
populations studied make it difficult to make direct comparisons, the possibility that 
questionnaires largely underestimate sitting time by almost 50% is very high. Such a 
likely overestimation may have consequences when interpreting studies on the dose 
response of sitting and cardiovascular outcomes, as discussed in Sect. 8.2.2 below. 
For further information on the prevalence of sedentary behaviour, please refer to 
Chap. 2. 
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8.1.4 Television Viewing and Other Recreational 
Screen Time 

Much of the sedentary behaviour literature, in particular in the early days [25–27], 
was consumed with the study of the associations of screen time, in particular 
television (TV) viewing, and cardiovascular disease [55, 56]. While this literature 
was very valuable in that it brought scientific, policy and public attention to an 
important issue and unarguably propelled the sedentary behaviour field of research, 
it offers poor information on the links between excessive sitting, which is the core 
behavioural problem, and cardiovascular health. At face value, such a focus is 
justified because screen media is a major discretionary component of total sedentary 
behaviour, with national surveys showing that adults spend some 2.5–4 h/day 
watching TV. Although TV time has historically been the largest component of 
screen time, this is rapidly changing due to the advent and popularisation of multiple 
screen devices that are owned by large parts of the population. But, overall, TV is a 
poor indicator of overall sedentary behaviour [57, 58] that is largely confounded by



factors that are not fully accounted for in epidemiologic studies, such as socioeco-
nomic status [59, 60], dietary intake [61] and mental health [62]. Recent UK 
Biobank analyses involving accidental causes of death as negative controls con-
cluded that the association of TV time and ischaemic heart disease mortality are 
likely due to confounding [63]. Aspects of TV and screen media other than the 
sitting posture such as programme content, excessive exposure to advertising (and 
development of potentially unfulfilled needs to consume) or the exposure to exces-
sive amounts of negative messages that may act as chronic psychological cardio-
vascular stressors [64] have hardly been acknowledged by the sedentary behaviour 
field and therefore represent universal residual confounders in the literature. 

222 E. Stamatakis et al.

With all these considerations in mind, this chapter will place prominence on the 
prospective epidemiologic literature of self-reported sitting and on device-assessed 
sedentary behaviour and to a lesser extent on TV and other screen media. 

8.2 Sedentary Behaviour and Cardiovascular Disease 
Across the Life Course 

Age is unarguably the most important cause of cardiovascular disease [65]. For 
instance, in 2019, the Global Burden of Disease study estimated that cardiovascular 
disease incidence rates (per 100,000 inhabitants) at 15–49, 50–69 and 70 or more 
years were 215, 1750 and 5566, respectively [66]. In high-income countries, the 
median age of cardiovascular disease events and deaths are much higher than in low-
to middle-income countries [7]. Much of cardiovascular disease occurrence could be 
prevented or postponed by addressing the major behavioural risk factors, socioeco-
nomic, political and environmental factors predisposing to the disease. None of these 
risk factors emerge suddenly in adulthood, and there is an imperative to consider the 
development of cardiovascular disease and the different exposures that influence it, 
including unhealthy behaviours, in the context of the life course (gestation, infancy, 
childhood, adolescence, young adulthood, midlife and older age) (see Fig. 8.3) 
[67]. The majority of the evidence about these early life and adulthood cardiovas-
cular disease risk factors is mostly concerned with high blood pressure, 
dyslipidaemias, impaired glucose tolerance, height, obesity and certain unhealthy 
behaviours, such as tobacco smoking, physical inactivity and unhealthy diet [67– 
70]. Nonetheless, unhealthy behaviours during middle age and later in life have 
shown to increase the risk of cardiovascular disease, regardless of the behaviours 
you had early in life. For instance, the seminal study published by Paffenbarger and 
colleagues examined the association of changes in unhealthy behaviours and car-
diovascular disease mortality in middle-aged and older men [71]. After more than a 
decade, men who increased their physical activity level had 41% lower risk of deaths 
from coronary heart disease than those who remained physically inactive [71]. These 
results support the idea that changes in unhealthy behaviours later in life have a



profound impact on cardiovascular disease outcomes. For more details on cardio-
vascular disease mortality, please refer to Chap. 14. 
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Fig. 8.3 A life course approach to the development of non-communicable disease (NCD) including 
cardiovascular disease. Multiple risk factors (including physical activity and perhaps sedentary 
behaviour) act cumulatively or synergistically from early life, and risk is rising steeply from early 
mid-life. Copyright free material, reproduced: from Aboderin, I., Kalache, A., Ben-Shlomo, Y., 
Lynch, J.W., Yajnik, C.S., Kuh, D., Yach, D. (2002) Life Course Perspectives on Coronary Heart 
Disease, Stroke and Diabetes: Key Issues and Implications for Policy and Research. Geneva, World 
Health Organization 

The life course epidemiology of sedentary behaviour is a new research area, and 
as we shall see in the next section, there are many uncertainties around its cumulative 
and acute role in cardiovascular disease development. The majority of the evidence 
is based on middle-aged and older populations, which limits understanding of 
lifetime risk of sedentary behaviour on cardiovascular health. Therefore, many 
questions need further clarification regarding the role of sedentary behaviour across 
the life course for cardiovascular disease development, such as the following:

• Is there a critical period of life in which sedentary behaviour impacts physical or 
structural functions resulting in cardiovascular disease later on?

• Do later life behaviours modify the effect of early exposures to sedentary 
behaviour (including during critical periods) on cardiovascular disease?

• Is there a synergistic effect of sedentary behaviour with other risk factors at each 
stage of life that raise cardiovascular disease risk?

• Can adequate moderate-to-vigorous activity offset the acute or cumulative car-
diovascular risks associated with sedentary behaviour across the life course?

• How socioeconomic and broader life circumstances across the life course influ-
ence the cardiovascular effects of sedentary behaviour?
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Many of these questions could not be answered with confidence even if they 
referred to moderate-and-vigorous physical activity and other unhealthy behaviours 
that are much more mature as areas of research than sedentary behaviour. Never-
theless, the plethora of large birth cohorts around the world that may conclude in our 
lifetime and are increasingly using sophisticated technologies to measure posture 
and other lifestyle factors offer much promise for understanding better the cardio-
vascular properties of sedentary behaviour. 

8.2.1 Sedentary Behaviour in Youth in Relation 
to Cardiovascular Health 

Compared to adults, youth in Western countries spend lower amounts of time being 
sedentary; for example, the average (waist) accelerometry-estimated sedentary time 
of 5–15 years old in England is 7–8 h/day [72]. Since no studies with mortality or 
cardiovascular ‘hard endpoints’ can be carried out in children, the literature is only 
concerned with surrogate cardiovascular markers. A sizeable body of mostly cross-
sectional studies suggests that children and adolescents participating in moderate-to-
vigorous physical activity have better cardiometabolic risk factor profiles than their 
inactive peers [73, 74]. The sedentary behaviour literature on the same topic is also 
emerging, but there is an apparent paucity of prospective studies. Cross-sectional 
studies have consistently shown that TV (but not all other kinds of screen time) is 
associated with adverse levels of a range of cardiovascular risk factors in youth [75– 
77]. However, TV viewing is a complex exposure, and one cannot confidently 
attribute any observed effects on the sitting that TV viewing entails, as discussed 
earlier in this chapter. 

The largest objective study of total sedentary behaviour and cardiovascular risk 
markers was a pooled analysis of the International Children’s Accelerometry Data-
base comprising 14 studies carried out between 1998 and 2009 that included a total 
of 20,871 children and adolescents (aged 4–18 years) that wore waist-worn accel-
erometers [78]. Sedentary time was not associated with any cross-sectional out-
comes, but moderate-to-vigorous physical activity was inversely associated with 
triglycerides, high-density lipoprotein (HDL) cholesterol and blood pressure inde-
pendently of sedentary time. Baseline sedentary time did not predict waist circum-
ference in a sub-sample of almost 6500 participants, but baseline waist 
circumference predicted sedentary time over an average follow up of 2.1 years 
[78]. This finding is in line with a cross-sectional accelerometry study of about 
5400 twelve years old that found no associations between sedentary time and dual 
energy X-ray absorptiometry (DXA) assessed body fat mass or body mass index 
(BMI) [79]. 

The prospective study in the field with the longest follow-up to date is an analysis 
of the Avon Longitudinal Study of Parents and Children (ALSPAC) cohort that 
examined the associations between objectively assessed sedentary behaviour (waist-



worn accelerometers) with broad cardiovascular risk profiles (systolic and diastolic 
blood pressure, fasting triglycerides, total, low density lipoprotein (LDL) and HDL 
cholesterol, glucose, insulin, c-reactive protein, a clustered standardised 
cardiometabolic risk score, and three adiposity markers including percentage body 
fat) over a follow-up of approximately 3.5 years [80]. Device-assessed daily seden-
tary time was not prospectively associated with any outcomes, but moderate-to-
vigorous physical activity was beneficially associated with percent body fat, insulin, 
HDL cholesterol and clustered cardiometabolic score. 
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The 1993 Pelotas (Brazil) Birth Cohort Study leveraged a cohort of 3613 partic-
ipants to examine the association of physical activity and screen time with indicators 
of cardiometabolic risk during adolescence. Physical activity and screen time were 
measured at ages 11, 15 and 18 years. Indicators of cardio-metabolic risk (fat mass 
index, waist circumference, triglycerides, blood glucose, non-HDL cholesterol and 
resting diastolic blood pressure) were measured at 18 years. There were no statisti-
cally significant association between physical activity and sedentary behaviour at 
11 and 15 years with cardiometabolic outcomes at 18 years [81]. 

Another small (n = 723), very short-term (<7 months of follow-up) prospective 
study [82] of children aged 8–11 years looking at objectively measured sedentary 
time in relation to a range of cardiometabolic outcomes (blood pressure, homeostatic 
model assessment of insulin resistance (HOMA-IR), triglycerides and HDL choles-
terol) also reported null associations. 

A population Dutch birth cohort including 1447 adolescents followed over 1 year 
found that screen time at 11 years of age was positively associated with adiposity and 
cardiometabolic markers (total-to-high-density lipoprotein cholesterol (TC/HDLC) 
ratio, blood pressure, glycated haemoglobin) at 12 years. Of note, the association 
between screen time and cardiometabolic risk was almost completely mediated by 
adiposity, suggesting no direct association of screen time with TC/HDLC [83]. 

Collectively, the literature summarised above casts doubt on the idea that sitting 
merits attention as a stand-alone (separate to moderate-to-vigorous physical activity) 
target for cardiovascular health-related interventions in young people, and this is 
consistent with the totality of the evidence on sedentary behaviour in youth in 
relation to broader developmental and health outcomes [84]. But, as alluded to 
above, it is worth considering that the lack of association between sedentary 
behaviour in youth and surrogate cardiovascular endpoints could be due to the 
long latency to develop a non-communicable disease (Fig. 8.3). In middle-aged 
adults, for example, the cardiometabolic harms associated with any chronic poor 
lifestyle habit, including excessive sedentary behaviour, will be accumulated over 
several decades and will follow a sequence of natural disease progression stages – 
that is, subclinical (raised biological risk factors with no symptoms) – clinical 
(diagnosed disease through an event) and fatal event trajectory. In children and 
adolescents, the pathogenesis associated with lifestyle-related exposure such as 
sitting may not have been acting long enough to progress to subclinical and clinical 
expressions of the disease. If this lifetime risk accumulation assumption is proved to 
be correct, interventions targeting sedentary time alongside physical activity in 
childhood/adolescence would still be important despite the null findings in the few



available longitudinal studies. Nevertheless, this assumption can only be tested using 
long-term life course studies with repeated measures of device-assessed sedentary 
time and cardiovascular health markers. Since physically active children and ado-
lescents have been shown to be more likely to be active as adults [85], limiting 
sedentary behaviour in youth could also be approached from the habit formation 
point of view and to a lesser extent in expectation of immediate measurable 
cardiovascular health benefits. Although other lifestyle exposures such as diet and 
low moderate-to-vigorous physical activity are associated with cardiovascular risk 
endpoints [86], such endpoints may be less responsive to a subtle exposure like 
sedentary behaviour. Of course, we cannot preclude the possibility that the lack of 
association in prospective epidemiological studies simply indicates that higher 
sedentary behaviour in its own right (i.e. independently of physical activity) does 
not cause deterioration of cardiovascular risk profiles in young age. 
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8.2.2 Sedentary Behaviour and Cardiovascular Disease 
in Adults and Older Adults 

Meta-Analyses of Prospective Studies of Sedentary Behaviour 
and Cardiovascular Disease 
There have been at least seven major meta-analyses of (mostly prospective) epide-
miological studies synthesising the associations between sedentary behaviour and 
incident cardiovascular disease [87–93]. Grontved and Hu reviewed studies of TV 
and screen time and reported a pooled relative risk (RR) of 1.15 (95% confidence 
interval (95% CI): 1.06–1.23) for fatal or nonfatal cardiovascular disease per 2 h of 
TV per day [87]. Biswas and colleagues considered a non-specific mixture of TV 
studies and sitting studies and reported pooled RRs comparing low versus high 
levels of sedentary behaviour exposure of 1.18 (95% CI: 1.11–1.26) for cardiovas-
cular death and 1.14 (95% CI: 1.00–1.73) for cardiovascular events [88]. Wilmot and 
colleagues also considered a non-specific mixture of TV studies and sitting studies 
and reported RRs of 1.90 (95% Credible Interval (95% CrI): 1.36–2.66) for cardio-
vascular death and 2.47 (95% CrI: 1.44–4.24) for cardiovascular events [90]. Ahmad 
and colleagues found that greater sedentary time was associated with increased risk 
of cardiometabolic diseases among the South Asian adults. Compared to those 
reporting <70 min/day of sedentary time, adults reporting ≥250 min/day of seden-
tary time had a 58% higher risk of myocardial infarction (RR 1.58; 95% CI: 
1.05–2.36) [93]. In a systematic review of five cohort studies, covering adults 
aged 44–64 years and mean follow-up ranging from 2.7 to 13 years, Bailey et al. 
found that higher total daily sitting time was associated with significantly higher risk 
of cardiovascular diseases ((hazard ratio) HR 1.29; 95% CI: 1.27–1.30). After 
adjusting for physical activity, the association was attenuated (HR 1.14; 95% CI: 
1.04–1.23) but remained statistically significant [91]. The meta-analysis by Patterson 
and colleagues found a non-linear dose response of total sedentary behaviour for



cardiovascular disease mortality among 667,524 participants from six non-physical 
activity adjusted and five physical activity-adjusted studies, with weaker evidence 
for an association for ≤6 h of sitting per day (RR per additional sedentary behaviour 
hour 1.01; 95% CI: 0.99–1.02) than >6 h/day (RR 1.04; 95% CI: 1.03–1.04) [92]. 
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One of the few dose-response meta-analyses on sitting (i.e. excluding TV studies) 
and incident cardiovascular disease or cardiovascular disease mortality to date, 
Pandey et al. [89] identified nine prospective studies and reported a pooled RR of 
1.14 (95% CI: 1.09–1.19) for highest (median: 12.5 h/day) versus lowest (median: 
2.5 h/day) sitting categories. There was no evidence for differences in risk between 
the lowest and intermediate sitting category (median: 7.5 h/day) (pooled HR: 1.02; 
95% CI: 0.96–1.08) [89]. The key studies included in this systematic review are 
briefly summarised here. 

One of the first epidemiologic studies in the field was that of Katzmarzyk et al. 
[94], and it found an increased risk of cardiovascular disease in those who reported 
sitting almost all the time versus almost none of the time (HR: 1.54; 95% CI: 
1.09–2.17). In Finland, sitting more than 10 h/day showed weak evidence of an 
association with higher cardiovascular disease risk versus sitting ≤10 h/day (HR: 
1.45; 95% CI: 0.91–2.29) [95]. In the United States, Kim et al. found an increased 
risk of cardiovascular disease in women (total self-reported sitting >10 h/day) 1.19 
(95%CI: 1.06–1.34) but not in men (HR: 1.06; 95%CI: 0.96–1.18) [96]. Conversely, 
in a sample of 6154 Australian women, no association was found in those who self-
reported more than 8.4 h/day sitting versus less than 2.7 h/day (HR 0.90; 95% CI: 
0.62–1.32) [97]. A similar finding was reported in Denmark [98], where no associ-
ations between sitting time and coronary heart disease (HR: 1.06; 95% CI: 
0.88–1.28) or myocardial infarction (HR: 1.13; 95% CI: 0.78–1.64) were found 
during a 5-year follow-up. Finally, in a recent US study [99], self-reported sitting of 
more than 12 h/day versus less than 5.8 h/day was associated with an increased risk 
of cardiovascular disease in a white population but not in the black population. Patel 
et al. [100] evaluated the effect of non-occupational sedentary time on cardiovascu-
lar disease mortality during a follow-up of 14 years in a large sample of 123,216 men 
and women (57% women). Self-reported sitting >6 h/day (versus <3 h/day) was 
significantly associated with increased cardiovascular mortality risk (RR in women: 
1.33; 95% CI: 1.17–1.52; RR in men: 1.18; 95% CI: 1.08–1.30). Similarly, in 
240,819 US participants (44% women), Matthews et al. [58] found that total 
sedentary time > 9 daily hours (versus >3 h/day) increased the risk of cardiovas-
cular disease mortality (HR 1.16; 95% CI: 1.02–1.30). In 71,018 US women [101], 
sitting ≥10 h/day was associated with increased cardiovascular disease risk 
(HR:1.15; 95% CI: 1.05–1.25) versus ≤5 h/day. 

Dose-Response Relationship Between Sitting Time and Cardiovascular Disease 
The meta-analysis by Pandey et al. [89] was the only review to specifically examine 
the dose-response element of the examined associations with regard to cardiovascu-
lar disease risk. Similarly to meta-analytical work on sitting and all-cause mortality 
risk [43], Pandey et al. found a non-linear association between sitting time and risk 
for cardiovascular disease with an increased risk only for sitting more than 10 h/day



(see Fig. 8.4). Specifically, there was no association with cardiovascular events at 
sedentary times >6.8 h/day (pooled HR, 1.01; 95% CI: 0.95–1.08), but there was an 
association at times higher than 10.04 h/day (pooled HR:1.08; 95% CI: 1.00–1.14). 
Considering that all included studies used questionnaires to quantify sitting, such a 
threshold is very high as it corresponds to almost twice the average of self-reported 
sitting reported by international prevalence studies [44, 45] or studies that examined 
cardiovascular effects of siting [97]. Studies that measured sitting using inclinome-
ters, on the other hand, consistently report daily sitting times in the region of 9–9.5 h 
[51, 52]. If this large discrepancy between objective and self-report daily sitting 
estimates is due to systematic under-reporting of sitting in questionnaire-based 
studies, there is a possibility that the 10 h/day threshold identified by Pandey et al. 
[89] may be even higher. These measurement-related considerations and other 
limitations of the literature, such as the large heterogeneity of the methods used 
among studies, impede a definitive determination of the theoretical curve and exact 
effect threshold between sitting time and cardiovascular risk. 

228 E. Stamatakis et al.

Fig. 8.4 Dose-response association between total sedentary duration and risk for incident cardio-
vascular disease. The graph here shows spline (smoothed fit) and 95% confidence interval of pooled 
hazard ratio of cardiovascular disease by hour. Reproduced with permission from: Pandey A, 
Salahuddin U, Garg S, Ayers C, Kulinski J, Anand V, Mayo H, Kumbhani DJ, de Lemos J, Berry 
JD. Continuous Dose-Response Association Between Sedentary Time and Risk for Cardiovascular 
Disease: A Meta-analysis. JAMA Cardiol. 2016 Aug 1;1(5):575–83 

Sedentary Breaks 
A widely discussed concept is that of ‘sedentary breaks’, that is, the introduction of 
frequent and regular interruptions of continuous bouts of sitting that has been 
proposed to confer cardiovascular and metabolic benefits even when total sitting



time is held constant [102]. Different variations of such interruptions are included in 
the guidance of several countries [31–33, 35, 36, 39], and in the case of the 
New Zealand guidelines [33], ‘Sit less, breaking sedentary time’ appears before 
the physical activity recommendation. 
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To date, no prospective study has shown associations between sedentary breaks 
and cardiovascular outcomes. Baseline sedentary breaks did not predict any of five 
surrogate cardiometabolic outcomes at 6-month follow-up in a study of 582 patients 
with type 2 diabetes mellitus [103] and were not associated with all-cause mortality 
over 5 years of follow-up in a recent study of 1655 older British men [104]. Even the 
cross-sectional evidence base presents an unclear picture that often also point 
towards no associations. In the study of about 170 Australian participants aged 
30–87 years that first introduced the concept of sedentary breaks, the number of 
breaks measured by a waist-worn accelerometer was inversely associated with 
triglycerides and to a lesser extent with adiposity surrogate markers and 2-hour 
plasma glucose [102]. A larger investigation by the same group using accelerometry 
data among 4757 US adults aged 20 years and over [105] reported inverse associ-
ations of breaks only with C-reactive protein (CRP) and waist circumference but no 
associations with the remaining six examined cardiometabolic risk factors (that 
included blood pressure, HDL-cholesterol and fasting triglycerides). Thus far, the 
largest cross-sectional study that used inclinometers to examine the associations 
between sedentary breaks and metabolic outcomes (glucose metabolism) among 
2497 Dutch middle-aged adults found no association between the two. Overall, there 
is little evidence to suggest that sedentary breaks have an effect on lipidaemia and 
that sedentary breaks consisting of lower light intensity activity such as standing can 
produce favourable responses of cardiovascular markers [106, 107]. To maximise 
the public health relevance research investment in this area, future efforts will benefit 
from tighter definition to clarify whether sedentary breaks refer to interruptions of 
sitting with any upright activity, in particular standing, or a ‘re-branded’ version of 
interrupting sitting time with frequent ambulatory light- or moderate-intensity phys-
ical activity. Currently, the evidence points towards the latter possibility. Also, the 
cardioprotective effects of light-intensity physical activity (that is often considered 
the opposite of sedentary time) is largely under-researched [37]. 

Beyond the limited support of observational studies, several laboratory-based 
trials have consistently shown beneficial acute effects of interrupting continuous 
sitting with physical activity on postprandial cardiometabolic markers [108]. Such 
studies have demonstrated effects of frequent interruptions of continued sitting 
(e.g. 2–3 minutes of light-intensity activity every 20–30 minutes over several 
hours) on postprandial glucose and insulin and to a lesser extent on classical 
cardiovascular biomarkers such as triglycerides and cholesterol [106]. While such 
studies provide important mechanistic insights, there are several issues that compli-
cate their translation into sitting-specific population guidance. First, it is unclear if 
the cardiometabolic benefits of sedentary breaks are due to (a) higher energy 
expended during the light-intensity activity bouts, (b) the muscular contraction 
occurring during the transition from sitting to standing (and vice versa), or (c) by 
the change in posture (which is what the sedentary breaks hypothesis mostly



a

postulates). The finding that standing breaks appear to have an effect among 
metabolically compromised (e.g. dysglycemia or type 2 diabetes mellitus patients 
[109] but not healthy adults support interpretation a or b: even subtle muscular 
contraction during the sitting to standing transition generates measurable improve-
ments among those with impaired levels of metabolic markers. Second, there is 
currently no indication that such acute and relatively subtle beneficial responses to 
interrupting sitting translate into improved long-term outcomes. This is an important 
aspect of the interpretation of these small laboratory-based studies given that the link 
between surrogate type 2 diabetes mellitus outcomes and long-term cardiovascular 
implications is not always clear [110, 111]. For example, evidence from pharmaco-
logical trials suggests that even intensive glycaemic control often does not translate 
into better cardiovascular disease mortality and morbidity outcomes [110, 112]. In 
the absence of any degree of congruence between mechanistic and prospective 
evidence, the use of such laboratory-based evidence to develop conclusive public 
health guidance may be less appropriate. Despite the paucity of evidence outlined 
above, sedentary breaks were included in the public health guidelines of at least four 
countries [32, 33, 35, 39] in the last 10 years. The more comprehensive evidence 
evaluation by the 2018 Physical Activity Guidelines for Americans Advisory Com-
mittee Scientific Report concluded that there was insufficient evidence for sedentary 
breaks across all examined health outcomes [113]. 
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Occupational Sitting and Cardiovascular Disease 
Sedentary time occurs in the domestic, transport, occupational and leisure time 
domains (see Fig. 8.1). Despite the limited number of studies examining the impact 
of each domain of sitting time on health outcomes, to examine the effect of 
prolonged sitting at work is particularly important for public health because most 
current work environments impose prolonged sitting. An early systematic review 
[114] found no consistent associations between occupational sitting and cardiovas-
cular disease. Such inconsistency in results is perhaps a sign of the complexities of 
disentangling the independent health effects of occupational sitting. A possible 
explanation is that higher social status linked with sedentary occupations [59] 
might offset any adverse effects linked with the sedentary nature of these occupa-
tions. This is a likely interpretation for the absence of association of occupational 
sitting and cardiovascular mortality in men, found in England and Scotland 
[115]. Also, the presence or absence of other cardio-metabolic risk factors can 
influence the risk of cardiovascular mortality. A Norwegian study [116]  with  
median follow-up of 12 years examining the physical labour demands of different 
occupations found no associations with cardiovascular mortality among those with-
out metabolic syndrome. In people with metabolic syndrome, both physically 
demanding and sedentary jobs were associated with higher cardiovascular mortality 
risk. In a study of 7320 Canadian workers aged 35–74 years who were followed up 
for 12 years, occupations involving predominately standing were associated with an 
approximately twofold risk of incident cardiovascular disease, compare to occupa-
tions involving predominately sitting (HR for standing compared to referent sitting 
1.97; 95% CI: 0.99–3.90) [117].
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8.3 Perspectives on the Evidence Linking Sedentary 
Behaviour and Cardiovascular Disease Risk 

8.3.1 Biological Mechanisms 

Despite the plethora of candidate mechanisms [118], no established and broadly 
replicated biological pathway linking sedentary behaviour and cardiovascular dis-
ease currently exists. A rodent model-based hypothesis suggested that prolonged 
sitting causes dramatic reductions of lipase lipoprotein enzyme activity compared to 
standing up or ambulating regimes [119]. Although this hypothesis was put forward 
over 15 years ago, it has yet to be replicated in humans. Human studies that 
manipulated sitting experimentally indirectly refute this hypothesis as there appears 
to be no effect from replacing sitting with standing on blood lipids [106, 120– 
122]. More recently, prolonged sitting has been implicated in endothelial cell 
dysfunction caused by reduction in leg blood flow-induced shear stress [123]. This 
is a coherent mechanistic framework, but it does not support independent effects of 
sitting as it acknowledges that endothelial dysfunction is prevented if sitting is 
preceded by an exercise bout [123]. Please refer to Sect. 5.6 for more details on 
the effects of sedentary behaviour on cardiovascular function and to Sect. 7.4 for 
more details on the experimental evidence linking sedentary behaviour with 
cardiometabolic markers and outcomes. Other proposed biological mechanisms 
include the lower expression of endothelial nitric oxide synthase (i.e. related to 
increased vascular oxidative stress) and reduction of glucose transporter type 2 and 
glucose uptake [30, 124]. 

In summary, some published cross-sectional and prospective studies suggest that 
sitting has detrimental associations with cardiovascular surrogate markers and car-
diovascular disease incidence and mortality. The epidemiologic evidence on the 
effects of sedentary breaks on classic cardiovascular risk is very weak. An emerging 
body of mechanistic studies shows that frequent interruptions of sitting with light-
intensity activity induces favourable glycaemic responses and endothelial function, 
although it is unknown if such acute responses translate into any longer-term 
cardiovascular benefits. The literature on the associations of occupational sitting 
with cardiovascular disease outcomes is largely inconclusive. 

8.3.2 Appraisal of the Evidence: Are Associations between 
Sitting Time and Cardiovascular Disease Causal? 

Whether associations found in epidemiological studies reflect causality is, to some 
extent, a philosophical endeavour based on the available information from a com-
bination of theory, different methodological designs and triangulation of research 
evidence [125]. To this aim, in 1965, Sir Bradford Hill provided the widely 
publicised ‘nine viewpoints’ [126] to offer a guidance framework for studying



associations before declaring causation. It is important to highlight that, as Hill 
himself stated, none of these points should be required as sine qua non for judging 
causality. The relevance of these causality criteria to contemporary science has been 
questioned [127]. 
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Here, we provide a brief summary of the literature on sitting time and cardiovas-
cular disease based on some of the core ‘Bradford Hill’ viewpoints. We based our 
appraisal mostly on the studies included in the recent Pandey et al. meta-analysis 
[89]. Evidence of ‘temporality’, that is, ‘cause precedes the disease occurrence’, has 
been observed in prospective studies, albeit some cohorts still present short average 
lengths of follow-up; thus, reverse causality cannot be ruled out [128]. The ‘strength’ 
(of the association) is relatively small, suggesting an 8% increased risk of cardio-
vascular diseases comparing ≥10 h/day versus <2.5 h/day, leaving open the possi-
bility of residual confounding (e.g. dietary intake). There is evidence of a non-linear 
‘biological gradient’ (dose-response relationship) between sitting time and cardio-
vascular disease, suggesting a high threshold (10 h/day) above which there is an 
increment in risk of cardiovascular diseases. Lack of clear (biological) ‘plausibility’ 
has been highlighted in the previous section. ‘Consistency’ of positive association 
between sitting time and cardiovascular diseases has been observed in five out of 
nice prospective cohort studies. 

More recently, theory of causal inference has grown substantially and offered 
additional insights and assumptions for distinguishing association and causation 
[129]. Here, we present some basic reflections and definitions on whether sitting is 
causally linked with cardiovascular disease based on some of these concepts of 
causal inference. For pedagogic reasons, we ignored random error attributable to 
sampling variability, assuming that we have retrieved data from a very large 
(hypothetically infinite) population. For simplicity, we considered a dichotomous 
exposure variable A (1: ≥10 h/day of sitting time; 0: <10 h/day of sitting time) and a 
dichotomous outcome variable Y (1: cardiovascular disease; 0: no cardiovascular 
disease). Let Pr[Ya = 1 ] be the risk (probability) of the cardiovascular disease that 
would have been observed in the population under the exposure a = 1, and Pr[Ya = 0 ] 
be the risk of the cardiovascular disease that would have been observed in the same 
population, but now under the exposure a = 0. We now can formally define that 
sitting time has an average causal effect on cardiovascular disease if Pr[Ya = 1 ] ≠ Pr 
[Ya = 0 ]. That is, the risk of cardiovascular disease if everybody had been exposed to 
≥10 h/day of sitting time would be different (likely higher) than the risk of cardio-
vascular disease if everybody had been exposed to <10 h/day of sitting time. For 
instance, the causal risk ratio (or causal relative risk) could be calculated as Pr 
[Ya = 1 ] / Pr[Ya = 0 ]. Because these outcomes would have been observed in a 
situation that did not actually happen (i.e. individuals are either exposed (A = 1) or 
not exposed (A = 0); one situation is factual, and the other is in counter to the fact 
situation), we say that average causal effect could be computed by comparing 
counterfactual outcomes – the effect measures. 

In real-life epidemiological studies, however, we are not able to compute the risk 
of outcome Y in the same population under different values/versions of exposure A 
(A = 1; A = 0), the counterfactual outcomes. Alternatively, we compare the risk of



outcome Y in individuals with higher sitting time Pr[Y = 1 |  A  = 1] versus the risk of 
Y in individuals with lower sitting time Pr[Y = 1 | A  = 0]. Thus, we compared 
different groups to compute associations, that is, differences in the risk of disease 
between groups – the association measures. For instance, the associational risk ratio 
(or associational RR) could be calculated as Pr[Y = 1 | A  = 1] / Pr[Y = 1 |  A  = 0]. 
When association measures (associational risk ratio) differ from effect measures 
(causal risk ratio), we say that there is bias or confounding. 
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Causal inference has formally defined the sources of bias, as well as developed 
methods to identify causal effects from epidemiological studies – the identifiability 
conditions. The theory of causal diagrams or directed acyclic graphs (DAGs) is a 
useful tool for presenting and analysing these sources of bias and uncertainty in the 
results of epidemiological studies. DAGs are graphical, hypothetical and qualitative 
representations of the causal processes that ultimately give rise to the data and 
associations observed in the studies. These diagrams are built from prior knowledge 
of the relationships between the variables and, therefore, are important for the 
formalisation of hypotheses and assumptions in which associations observed in the 
data refer to causality or biases. Several methodological articles and book chapters 
have addressed the theory of DAGs in detail [129–131]. Herein, we briefly described 
and used DAGs to illustrate potential sources of bias/confounding that may explain, 
at least partially, the associations between sedentary behaviour and cardiovascular 
disease in epidemiologic studies. 

Confounding The presence of a common cause of exposure A and outcome Y, we 
expect to find an association between A and Y even under the situation of null 
average causal effect. In randomised experiments (randomised controlled trials), if a 
sufficiently large number of participants is enroller, we expect to have the observed 
and unobserved common causes of A and Y equally distributed between A = 0 and 
A = 1, thus eliminating/mitigating confounding. In causal language, we say 
randomisation produces exchangeability between that A = 0 and A = 1 groups, 
that is, they are comparable. In observational studies, on the other hand, the common 
causes of A and Y are not evenly distributed between A = 0 and A = 1, and thus, 
association between and A and Y may be due, at least partially, due to residual 
confounding (Fig. 8.5a). 

Regarding residual confounding, despite all studies included in Pandey et al. 
meta-analysis [89] adjusted for the main sociodemographic covariates (age, sex, 
education/income) and other important risk factors (e.g. smoking), only four out of 
nine studies considered dietary intake/total caloric intake in the model, and none 
considered the nutritional quality of the diet (e.g. ultra-processed food indexes). 
Therefore, the probability of residual confounding may explain at least part of the 
weak magnitude of associations between sitting time and cardiovascular diseases. 
For instance, a recent study including 104,851 participants have used negative 
control outcome to examine whether the association between physical activity and 
cardiovascular disease is explained by confounding. They found that association 
between physical activity and accidental deaths (a negative control outcome that had 
no plausible link with physical activity but displayed a similar confounding



structure) was in the same direction than physical activity and cardiovascular 
disease. These findings provide evidence that, at least part of the association between 
physical activity and cardiovascular disease, might be due to confounding [132]. 
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Fig. 8.5 Directed acyclic graphs relevant to observational sedentary behaviour research 

Reverse Causality If the outcome Y causes the exposure A, we expect to find a 
statistical association between exposure A and outcome Y [133]. Reverse causality 
has also been referred in the literature as ‘confounding due to pre-existing diseases’ 
[128] (Fig. 8.5b). 

Some cohorts still present short average lengths of follow-up, which increases the 
probability of reverse causality. For instance, studies examining the association 
between sitting time and cardiovascular disease mortality should consider that it is 
possible that cardiovascular diseases (and other non-communicable diseases) kill 
suddenly, but the vast majority of cases afflict people for several decades. During the 
course of disease, people change their daily life activities and may increase sitting 
time. Therefore, diagnosed, undiagnosed or prodromal pre-existing diseases may 
lead to overestimations of the association between sitting time and cardiovascular 
diseases. This is explained by the tendency for higher sitting times due to, for 
example, fatigue and other disease symptoms among people affected by 
pre-existing/undiagnosed diseases, and the higher likelihood to die early. In a 
recently published meta-epidemiological study on sitting and mortality, prospective 
studies with higher risk of confounding due to pre-existing diseases tended to show 
stronger, and a likely more biased, association between sedentary behaviour and 
mortality [128]. Studies with short follow-up length did not exclude participants 
with prevalence diseases (or did not adjust for them in the model), or did not exclude 
the first years of follow-up (i.e. assuming that deaths in the first years of follow-up 
are more likely due to pre-existing diseases than sitting time) showed stronger 
associations. Yet, studies with lower risk of confounding due to pre-existing diseases 
still found a positive association between sedentary behaviour and mortality,



supporting the possibility that high sitting time may increase the risk of mortality 
(i.e. ignoring other sources of bias). 
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On the other hand, a recent compositional data analysis of the UK Biobank found 
an inverse association with incident cardiovascular disease for reallocating time from 
(wrist accelerometry assessed) sedentary behaviour light-intensity physical activity 
and moderate-to-vigorous physical activity [134]. However, sensitivity analysis 
investigating the potential influence of reverse causation showed a dramatic impact 
on main findings. For example, once participants with evidence for poor health of 
pre-existing cardiovascular disease were excluded, reallocating proportionally 
1 hour/day from all other behaviours to sedentary behaviour (1.09, 95% CI: 
0.89–1.45) or light-intensity physical activity (1.04, 95% CI: 0.88–1.21) was not 
associated with increased risk of incident cardiovascular disease [134]. These 
non-significant sedentary behaviour replacement estimates were almost identical to 
the negative control analyses of sedentary behaviour with accidents (1.08, 95% CI: 
0.86–1.34), suggesting that unmeasured or residual confounding explains them. 
E-value (i.e. a metric that quantify the minimum strength of association, on the 
risk ratio scale, between unmeasured confounder and an exposure/outcome need to 
explain away the association) suggested that any unmeasured confounder with 
relatively modest associations of 1.09 (light-intensity physical activity) or 1.28 
(sedentary behaviour) would nullify the observed associations [134]. 

Measurement Error Measurement error and misclassification bias are ubiquitous 
in epidemiological studies. This bias occurs when there is measurement error in the 
variables of the study, which produces a measure of associations different from the 
effect measure. There are at least four distinct forms of representing misclassification 
of exposure and outcome: (1) non-differential and independent, (2) non-differential 
and dependent, (3) differential and independent and (4) differential and dependent. 
Others have detailed described measurement error and misclassification bias using 
DAGs [135, 136]. 

In cohort studies, in which sitting time is measured by questionnaire years/ 
decades before the occurrence of cardiovascular diseases, it is plausible to assume 
that the non-differential classification error of the exposure in respect to the outcome 
(Fig. 8.5c). 

This bias is particularly relevant because, unlike the other types described above, 
the direction of bias in the statistical association tends to nullify. Furthermore, this 
type of bias does not produce a spurious statistical association when average causal 
effect under investigation is null [135, 136]. All nine studies included in Pandey 
et al. meta-analysis [89] measured sedentary time using questionnaires, which 
increases the probability of misclassification bias. 

In conclusion, whether the association between sitting time and cardiovascular 
disease reflects a causal relationship or is due to alternative explanations can neither 
be confirmed nor refuted at this stage. Our very basic appraisal of causality against 
six of the Hill criteria suggests that a causal relationship between sedentary time and 
cardiovascular disease risk based on temporal relationship, (non-linear) dose-
response relationship and consistency are insufficient to establish a probable causal



effect. On the other hand, there is little evidence based on biological plausibility and 
strength of association, and current evidence does not preclude alternative explana-
tions. We used DAGs to exemplify the influence of confounding, reverse causation 
and measurement error in prospective cohort studies on sitting time and cardiovas-
cular diseases. Future studies using different study designs, analysis (i.e. life-course 
exposure to sedentary time), device-based measurement of sedentary time and 
careful adjustment for confounders, particularly pre-existing diseases/conditions, 
would enhance our knowledge and support better judgments of causal relationship 
between sedentary behaviour and cardiovascular disease. 
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Fig. 8.6 Multivariable-adjusted hazard ratios (HR) for total cardiovascular disease (CVD) for a 
joint association between sedentary time and physical activity. For women with over 20 MET-h/ 
week of physical activity there was no association between sitting and CVD events. 20 MET-hours 
per week is roughly equivalent to one hour of brisk walking per day. Reproduced with 
permission from: Chomistek AK, Manson JE, Stefanick ML, Lu B, Sands-Lincoln M, Going SB, 
et al. Relationship of sedentary behavior and physical activity to incident cardiovascular disease: 
results from the Women’s Health Initiative. Journal of the American College of Cardiology. 
2013;61(23):2346–54 

Does Sufficient Physical Activity Offset or Eliminate the Cardiovascular Dis-
ease Risk of Sitting? 
Although in Pandey et al.’s meta-analysis [89], all studies adjusted for physical 
activity to determine the independent effect of sedentary time, there were several 
studies showing that physical activity modified the effects of sitting time, and 
associations with hard cardiovascular outcomes were observed in physically inactive 
but not in the physically active participants, such as the Danish adults’ study [137] 
and the American women’s  [101] studies above. For example, Fig. 8.6 shows that 
the association between sitting time and incident cardiovascular disease was evident 
only among women who reported less than 20 MET-hours of physical activity per 
week (corresponding to approximately 52 minutes of walking per day at 3.3 MET,



70% of the sample), in the remaining 30% of the sample who reported more physical 
activity no association was evident. A major study examining specifically the role of 
physical activity as a modifier of the association between sedentary behaviour and 
mortality was published as part of the 2016 Lancet Series on Physical Activity 
[138]. This was a pooled individual participant meta-analysis that involved 849,108 
adults corresponding to 24,481 fatal cardiovascular events where sitting time was 
categorised as <4, 4 < 6, 6–8, >80 h/day, and the quartiles of physical activity had 
medians corresponding to roughly ≤5, 25–35, 50–65 and 60–75 minutes of moder-
ate intensity per day. Compared to those in the lowest sitting and highest physical 
activity group (referent), a dose-response association between sitting time and 
cardiovascular death was noted in least physically active group with HR increasing 
from 1.34 (95% CI: 1.24–1.43) in the bottom to 1.74 (95% CI: 1.60–1.90) in the top 
sitting groups. Associations persisted in the second and third physical activity 
quartiles but were not dose-dependent for <8 h of sitting/day, less stable (e.g. the 
HR for 6–8 h of sitting/day in the third physical activity group was 1.04, 95% CI: 
0.95–1.14) and lower in magnitude (highest HR was 1.37, 95% CI: 1.25–1.50 for 
those in the second lowest physical activity quartile that reported >8 h of sitting/ 
day). There was no association between sitting time and cardiovascular mortality 
risk in the top physical activity quartile. Analogous findings were reported by a study 
based on the 45 and Up cohort from Australia [139]. Using a very similar analytic 
design to the 2016 Lancet Series study, Stamatakis and colleagues examined the 
joint associations of self-reported sitting and moderate-to-vigorous-intensity physi-
cal activity with cardiovascular disease mortality in 149,077 participants over an 8.9-
year median follow-up. Sitting time was associated with cardiovascular disease in a 
nearly dose-response manner in the least active groups reporting <150, min/week. 
There were inconsistent associations with cardiovascular disease risks with more 
sitting among those meeting the upper (≥300 min/week) limits of the current, 
recommendation [41] Replacing sitting with walking showed no associations, 
while replacing sitting and showed stronger associations among high sitters, for 
example, the per-hour cardiovascular disease mortality HR for sitting replaced with 
moderate intensity activity was 0.80 (95% CI: 0.70–0.93) in those with >6 hour of 
sitting versus 0.95 (95% CI: 0.89–1.01) in those with <6 h of sitting per day. 
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Subject to the limitations of the literature noted above, these data provide 
compelling support to the idea that high levels of physical activity decrease the 
cardiovascular disease death risk, regardless of sitting too much. Translation of such 
evidence needs to also take into account the current population context of physical 
inactivity. The majority of the adult populations are very inactive [140, 141], and the 
average daily amount of physical activity needed to offset cardiovascular risk 
(approximately 45–60 minutes per day) is unattainable for large parts of the popu-
lation, in particular for mid-aged and older adults who are very inactive and at 
imminent risk for developing cardiovascular disease. It is therefore important to 
acknowledge that although the above reports [16, 138] reminded us that physical 
activity should be the utmost public health priority, replacements of sedentary 
behaviour with physical activity of any intensity are also highly relevant for health 
promotion. Indeed, the 2020 WHO Guidelines on Physical Activity and Sedentary



Behaviour [41] included a ‘hybrid’ recommendation on aiming to exceed the 
recommended levels of moderate-to-vigorous physical activity (≥300 moderate-to-
vigorous-intensity physical activity min/week) to counteract the adverse health 
effects of high levels of sedentary behaviour. 
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8.3.3 Public Health Importance and Clinical Practice 

Despite the ongoing uncertainties on issues such as the biological plausibility, the 
independence of the associations from physical activity and the robustness of the 
relationship between sedentary behaviour and cardiovascular disease, reducing 
sedentary time has been incorporated in general public health guidance 
[142, 143]. The 2020 Canadian Movement Guidelines have already incorporated 
quantitative sedentary behaviour thresholds in their public health guidance. 

Despite the relatively small magnitude of the observed associations, sedentary 
behaviour has likely increased since the industrial revolution. For instance, in the 
United States and Australia, people spend around 8 and 9 h in sedentary activities, 
respectively, which represents around 60% of the waking time [48, 51]. For addi-
tional information about the prevalence of sedentary behaviour, please refer to 
Chap. 2. As the 1985 Geoffrey Rose’s paper on prevention strategies noted ‘A 
large number of people at small risk may give rise to more cases of disease than a 
small number of people at high risk’ [144]. Statistical modelling studies that assessed 
the effects of replacing sedentary behaviour studies with light physical activities are 
suggestive for a measurable impact of such replacements at the population level. For 
instance, a cross-sectional study found that replacing sitting with equivalent amounts 
of light-intensity physical activity [145] is associated with lower cardiovascular 
surrogate markers (e.g. triglycerides). A recent compositional data analysis of the 
UK Biobank wrist accelerometry sub-study (n = 87,498) found beneficial associa-
tions with incident cardiovascular disease for reallocating 1 hour per day from 
sedentary behaviour to light physical activity (HR 0.96; 95% CI: 0.95–0.98) and 
20 minutes per day to moderate-to-vigorous-intensity physical activity (0.92; 
95% CI: 0.91–0.94). However, excluding events occurring in the first two years of 
follow-up and participants with poor health or cardiovascular disease medication 
subscription effectively eliminated these associations in the remaining 63,267 par-
ticipants, a finding that highlights the likely role of reverse causation in sedentary 
behaviour research, as we discussed above. 

As we alluded to at the start of this chapter, one of the main reasons of rapid 
growth of this research area is that increasing standing and light physical activities 
may be more successful than incidental moderate-intensity physical activity or 
vigorous exercise in westernised societies where opportunities to be sedentary are 
many and environments are not conducive for physical activities [142]. Theoreti-
cally, these low-intensity activities may help more people start engaging in other 
activities along the physical activity intensity continuum, including those with 
moderate-to-vigorous intensity [142]. Therefore, a central question relating to the



potential of targeting sedentary behaviour to reduce cardiovascular disease burden is 
how feasible it is to achieve the likely large sedentary reductions needed for 
cardiovascular benefits. Current interventions aimed at reducing sedentary behav-
iour have found relatively modest effects (-42 minutes/day; 95% CI: -79 to -
5 minutes for generic interventions and- 77minutes; 95% CI:-120 to-35min for 
interventions involving activity permissive workstations) [146, 147]. Whether such 
effects have clinical cardiovascular importance has yet to be determined. Finally, 
despite the popularity of some recent interventions to decrease sedentary time 
(sit-stand desks), a recent meta-analysis concluded that at present, there is very 
low to low-quality evidence that sit-stand desks may decrease workplace sitting 
between 30 min to 2 h/day [148]. 
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In light of the best available evidence and considering how pervasive sedentary 
behaviour is in the modern world, it seems wise to aim at reducing long periods of 
sedentary time and incorporating ambulatory physical activity of any intensity to 
reduce cardiovascular disease risks in adults and elderly. When possible, the pro-
motion of moderate-to-vigorous physical activity should still be the cornerstone of 
public health as higher physical intensity confers additional benefits [149] and high 
levels of physical activity seem to offset or eliminate the negative cardiovascular 
effects of sitting time [101, 137, 138]. 

8.4 Direction of Future Research 

Cross-sectional studies that compared accelerometry-based and self-reported mea-
sures of sedentary time against cardiovascular risk factors [49, 150] often report 
differential associations between the two measurement types. Such studies further 
highlight the importance of improving and, when possible, standardising measure-
ment of sedentary behaviour. While waist-worn accelerometers were undoubtedly a 
major step forward and are useful for understanding the health risks associated with 
the lack of ambulatory movement, they tell us little about the health risks of actual 
sitting. Questionnaires are useful and feasible for large-scale observational research 
and surveillance, but they may be prone to systematic reporting bias. Quantitative 
data from these instruments should be interpreted cautiously, and it seems premature 
to develop quantitative sitting guidelines based on self-reported data only, consid-
ering the major advances in the application of objective measures of sitting in 
ongoing epidemiological studies. Technology that uses thigh-worn sensors or com-
binations of placements (e.g. thigh and hip or back) is better capable for quantifying 
posture, including sitting time. As of October 2023, no published prospective 
sedentary behaviour study using such methods. Although the use of such tools in 
large population studies has been relatively limited in the past, it is feasible. 
Examples include the 1970 British Birth Cohort [151] that used thigh-worn sensors 
in a sample of 5412 middle aged adults and the Trøndelag Health Study (HUNT) 
cohort in Norway [152], which used two sensors (thigh-worn and lower back) in an 
sample of almost 35–40,000. The recently established Prospective Physical Activity,



Sitting and Sleep consortium (ProPASS) [153] includes a number of thigh 
accelerometry studies that can be linked to mortality and incident morbidity records. 
It is likely that ProPASS and analogous initiatives, in the near future (perhaps within 
4–5 years), will produce evidence on the prospective associations of actual sitting 
time, sedentary breaks and accumulation patterns with incident cardiovascular out-
comes. Despite these uncertainties (that will hopefully be resolved as the field 
evolves), the collective capacity of all developments we highlighted in this chapter, 
including recent advances in activity type recognition [154], may change what we 
know about the health effects of sedentary behaviour within the next half decade. 
Developing credible prospective epidemiological evidence on the independent long-
term health effects of sitting with long-term cardiovascular outcomes is one of the 
most important links in the public health evidence guidance chain. 
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Therefore, there is a need for well-designed prospective studies with device-based 
measurements of posture and physical activity. Very few existing prospective 
studies had narrowed cardiovascular disease outcomes such as myocardial infarction 
[137] that may provide better mechanistic clues. The concept of sedentary breaks 
needs to be more tightly defined to differentiate between interrupting sitting time 
with ambulatory activity versus standing, as such a differentiation will have impor-
tant implications for interventions. Prospective studies to date were conducted 
almost exclusively in the United States/United Kingdom/Australia/Canada – we 
cannot know if these results are generalizable to non-Anglo-Saxon countries. In 
addition to being a threat to the biological ecological validity of the existing 
evidence, the different cultural, societal and economic contexts of sedentary behav-
iour make the existing literature less useful for public health and clinical cardiovas-
cular disease guidance in other countries, in particular in the developing world. 

8.5 Conclusions 

Sedentary behaviour is ubiquitous across the life course in the developed as well as 
much of the developing world where cardiovascular disease is the main cause of 
premature death and chronic disease. Despite the reasonable research progress 
achieved in the past decade, our understanding of the influence of sedentary behav-
iour on cardiovascular health and cardiovascular risk occurrence is still incomplete. 
Multiple methodological issues have hindered a confident translation of available 
research into quantitative sedentary behaviour public health and clinical guidelines 
for primary prevention of cardiovascular disease. Such issues include unstandardised 
or measurement errors, unmeasured confounding, reverse causation, a paucity of 
prospective designs, limited understanding of what exactly the dominant health 
influences of screen time and TV time are, large heterogeneity in how epidemiologic 
studies are designed and analysed and the absence of a broadly replicated in humans 
convincing biological mechanism. 

In young people, the overwhelming majority of the evidence examining the links 
between objectively assessed sedentary behaviour and surrogate markers of



cardiovascular health is cross-sectional and the few prospective studies point 
towards no associations. The best available prospective epidemiologic evidence in 
adults and older adults suggests that there is a threshold effect with amounts of daily 
sitting over 10 h linked with increased risk for cardiovascular disease and death. 
However, the causal relation of sitting time to cardiovascular disease is far from 
established, for the reasons outlined above. In terms of sedentary behaviour as an 
intervention target for preventing cardiovascular disease and cardiovascular death, 
current evidence offers limited direction. It seems logical to promote ambulatory 
physical activity of any intensity that will naturally lead to sedentary time reductions 
in weak, sick populations. The risk for cardiovascular death in long duration sitters 
seems to be offset by approximately 45–60 moderate-intensity physical activity per 
day, which is well above the average physical activity levels in most high-income 
countries. The modest effect sizes of existing sedentary behaviour interventions 
suggest that reducing sedentary behaviour is not necessarily easier than promoting 
physical activity. Increasing ‘sedentary breaks’ has been researched less, but overall, 
there is very weak prospective epidemiologic or mechanistic evidence to support it 
as a stand-alone intervention. 

8 Sedentary Behaviour and Cardiovascular Disease 241

The study of sedentary behaviour and cardiovascular health is a vibrant and 
exciting area of research that is set to grow rapidly in the years to come. The 
availability and recent popularity of wearable devices that quantify postural alloca-
tion as well as giving information on physical activity intensity offers great promise 
for future prospective studies examining the dose-response of sedentary behaviour 
and physical activity and cardiovascular health. As a research community, sedentary 
behaviour will benefit greatly from tighter communication and collaboration among 
research groups around the world to standardise the definition, measurement, 
research design and analytical protocols and from a more unified multidisciplinary 
approach involving scientists from diverse areas (such as media content experts, 
transportation experts and psychologists) that will help us better understand and 
contextualise the constituent components of sitting and its relevance for cardiovas-
cular health and develop feasible and effective interventions for long term behaviour 
change. 
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Chapter 9 
Sedentary Behaviour and Cancer 

Christopher T. V. Swain, Terry Boyle, Shahid Mahmood, 
and Brigid M. Lynch 

Abstract This chapter summarises the growing body of evidence relating to sed-
entary behaviour and cancer. We conducted meta-analyses for sites with at least 
three studies comparing the highest to lowest category of sedentary behaviour. 
Based on the findings of 121 different studies that have examined 21 different cancer 
sites, we conclude that there is limited evidence that sedentary behaviour is associ-
ated with an increased risk of cancer. Meta-analyses demonstrated a small risk 
increase for colon (RR = 1.12, 95% CI: 0.98, 1.27), endometrial (RR = 1.16, 
95% CI: 0.84, 1.48), ovarian (RR = 1.16, 95% CI: 0.96, 1.36) and pancreatic 
cancers (RR = 1.10, 95% CI: 0.79, 1.41). We showed a very small risk increase 
for breast cancer (RR = 1.06, 95% CI: 1.01, 1.11). Studies examining all cancer 
incidence showed no strong relationship for self-reported sedentary behaviour, 
whereas accelerometer-measured sedentary time showed a greater risk increase. 
Sedentary behaviour appears to increase the risk for all-cancer mortality 
(RR = 1.11, 95% CI: 1.04, 1.18) and colorectal cancer-specific mortality 
(RR = 1.38, 95% CI: 1.08, 1.75 for pre-diagnosis sitting time; RR = 1.61, 
95% CI: 1.23, 2.11 for post-diagnosis sitting time). The effect of sedentary behav-
iour on cancer risk and mortality is biologically plausible. Postulated mechanisms 
include body composition (most evidence relates to adiposity), sex hormones, 
metabolic function, inflammation and immune function. Better mechanistic under-
standing will help strengthen causal inference from epidemiological data. The 
adoption of contemporary epidemiological methods and analytic techniques will 
also facilitate improved causal inference. 
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What Is New?
• The field has grown considerably since the first edition of this chapter. 

There have now been 121 studies (versus 25) to examine sedentary behav-
iour and cancer.

• Previously, we concluded that sedentary behaviour increased the risk of 
endometrial and ovarian cancers and that there was suggestive evidence for 
breast, colorectal and lung cancers. Based on the current literature, we now 
conclude there is limited evidence that sedentary behaviour increases 
cancer risk. The risk increases for endometrial and ovarian cancer are 
about half of what was previously estimated.

• As previously reported, sedentary behaviour does appear to increase 
all-cause mortality risk and mortality following a colorectal cancer 
diagnosis.

• All research is still based on a single exposure assessment. The research to 
date is also subject to a number of biases, including selection bias, mea-
surement error and unmeasured (or residual confounding). 

9.1 Introduction 

Over the past decade, a number of reviews, meta-analyses and expert panel assess-
ments have suggested that sedentary behaviour contributes to an increased risk of 
cancer across a number of sites [1–5]. Sedentary behaviour is highly prevalent, 
modifiable and amenable to intervention; therefore, there are promising cancer 
control implications. The aim of this chapter is to provide an up-to-date overview 
of the evidence pertaining to sedentary behaviour and cancer, both in terms of risk 
and mortality. We will also summarise the emerging literature examining the 
biological mechanisms whereby sedentary behaviour influences cancer risk and 
provide an overview of the main findings. Finally, we will reflect upon the strength 
of the evidence accrued to date, particularly in respect to causal inference. 

9.1.1 Prevalence and Trends of Cancer 

Cancer is a generic term representing a group of diseases that are characterised by the 
rapid creation of abnormal cells that are self-sufficient, are able to divide without 
stopping, can invade nearby tissues and can spread (or metastasize) to distant places 
in the body. Cancer is caused by complex interactions between genetic, environ-
mental and lifestyle factors. This interplay introduces gradual changes to genes, 
which, accrued over time, can result in uncontrolled cell division, altered growth and 
resistance to cell death. Over 100 different types of cancer exist. Among males, 
cancers of the lung (14% of all worldwide incident cancers in males in 2020),



prostate (14%), colorectum (11%), stomach (7%) and liver (6%) are the five most 
common malignancies [6]. Among females, the five most common cancers are breast 
(24% of all worldwide incident cancers in females in 2020), colorectal (9%), lung 
(8%), cervical (6%) and thyroid (5%) [6]. 
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Globally, it has been estimated that in 2020 there were 19.3 million new cases of 
cancer diagnosed, 10 million deaths due to cancer and 50.5 million people living 
with cancer (within five years of diagnosis) [7]. Cancer (all types combined) was the 
second leading cause of death worldwide in 2019, behind only cardiovascular 
disease [8]. With a combination of an ageing population, continued population 
growth and an increased adoption of ‘Western’ behavioural and lifestyle habits in 
developing countries, it is estimated that by 2040 the number of worldwide incident 
cancer cases and cancer deaths will rise to approximately 30.2 million and 16.3 
million, respectively [9]. The increasing number of incident cancer cases, along with 
continued improvements in early diagnosis and cancer treatments, means the number 
of prevalent cancer cases is also expected to rise steadily. 

More than half (59%) of all incident cancer cases, approximately two-thirds 
(71%) of all cancer deaths, and nearly half (49%) of all prevalent cases in 2020 
occurred in low- to middle-income countries [7]. Cancer incidence rates vary greatly 
across different regions and countries, with fivefold variations in rates seen among 
males and fourfold variations seen in females [6]. For most cancer types, trends over 
time also differ across regions [10], providing clues about the aetiology of the 
disease. 

9.1.2 Cancer Risk Factors 

Age is by far the major determinant of cancer risk. Worldwide, cancer incidence 
rates increase sharply with age, increasing from 54 per 100,000 people in those aged 
15–44 years, to 435 per 100,000 people in those aged 45–64 years and to 1310 per 
100,000 years on those aged 65 years and older, in 2020 [7]. Other known cancer 
risk factors can be broadly grouped into five categories: lifestyle, occupational and 
environmental, reproductive and hormonal, infections and genetic. 

Lifestyle-related cancer risk factors include tobacco smoking, alcohol consump-
tion, obesity, diet and physical inactivity. Tobacco smoking is by far the strongest 
modifiable risk factor for cancer. It increases the risk of at least 20 different types of 
cancer, with the greatest risk increase observed for lung and laryngeal cancers 
[11]. Approximately 31% of all cancer deaths in males, and 6% in females, can be 
attributed to tobacco smoking [12]. Epidemiological research indicates that alcohol 
consumption increases the risk of at least seven cancers, notably colorectal, female 
breast and liver [13], and around 4% of all cancer deaths worldwide in 2016 can be 
attributed to alcohol consumption [14]. There is strong evidence that being over-
weight or obese during adulthood is a risk factor for at least 12 types of cancer, 
including advanced prostate, colorectal, postmenopausal breast, stomach and liver 
cancers [13]. Dietary factors such as high intake of processed meat and low intake of



dietary fibre intake have been shown to increase the risk of specific cancers 
[13]. There is strong evidence that being physically active is associated with 
decreased risks of seven cancers (breast, bladder, colon, endometrial, oesophageal 
adenocarcinoma, renal and gastric cancers) [15]. 
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More than 50 occupational agents have been classified by the International 
Agency for Research on Cancer as carcinogenic or probably carcinogenic to humans 
[16], and it is estimated that between 2% and 8% of cancers in developed countries 
are attributable to occupational carcinogens [17]. Many of these carcinogens, such as 
asbestos, diesel engine exhaust, ionising radiation and solar radiation, are also found 
in non-occupational settings. Other environmental causes of cancer that have been 
identified include arsenic, outdoor air pollution, radon and second-hand tobacco 
smoke [18]. 

Reproductive and hormonal factors, such as number of pregnancies, 
breastfeeding duration, age at menarche, oral contraceptive use and menopausal 
hormone therapy, have been associated with cancer risk, primarily cancers of the 
breast and ovary. A number of viruses (e.g. hepatitis B and C viruses, human 
papilloma viruses) and bacteria (e.g. Helicobacter pylori) are risk factors for specific 
cancers (liver, cervical and gastric cancers in particular), with around 13% of all 
incident cancers in 2018 attributable to infections [19]. Finally, around 5–10% of all 
cancers are thought to be caused by highly penetrant genetic mutations [20]. 

9.2 Methods 

This chapter updates the summary of the evidence published in the first edition of 
this book [21]. Here, we have incorporated relevant studies published to August 
2021. Studies that examined the relationship between sedentary behaviour and 
cancer incidence or cancer-specific mortality were eligible for inclusion. Where 
multiple publications from the same study were found, the most recent publication 
was included. We prioritised total sitting time as the exposure for inclusion in this 
meta-analysis. If total sitting time was not available, we included risk estimates for 
leisure-time sitting (including television viewing time) or occupational sitting. The 
risk ratios extracted from studies represent the highest versus lowest category of 
sedentary behaviour. Where possible, we included multivariable-adjusted risk esti-
mates that were not adjusted for body mass index or another measure of adiposity, as 
adiposity may be an important mediating variable in the sedentary behaviour – 
cancer association [3]. For studies that asked participants to report their occupational 
activity on an ordinal scale, we used ‘standing’ or ‘mostly standing’ as the referent 
category against which to compare the ‘sitting’ category, as has been previously 
recommended [1]. We excluded studies where the occupational activity scale 
progressed straight from ‘sitting’ to ‘walking’ or another type of physical activity, 
as the risk estimates generated would not solely reflect the effect of sedentary 
behaviour on cancer risk (i.e. part of the risk could be attributed to the (inverse) of 
the risk reduction associated with walking) [1].
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Random-effect meta-analysis was used to estimate the summary relative risks 
(RRs) for the highest compared to the lowest (reference) category of sedentary 
behaviour for cancer incidence (by site) and mortality, if at least three studies had 
been published. Forest plots were generated to depict study-specific and pooled 
estimates. Statistical heterogeneity among studies was examined using the I2 statistic 
[22]. Publication bias was assessed by examining funnel plot asymmetry for the 
cancer sites included in the meta-analyses. 

We conducted sensitivity analyses, firstly excluding studies assessing occupa-
tional sedentary behaviour, as these are likely to be heavily confounded by socio-
economic position, which is difficult to adequately adjust for. We also performed the 
meta-analyses after excluding case-control studies, as this design may be subject to 
recall bias and reverse causality [4]. All statistical analyses were performed using 
Stata version 16 (Stata Corporation, College Station, Texas, USA). 

9.3 Sedentary Behaviour and Cancer Risk 

Table 9.1 summarises studies investigating the associations of sedentary behaviour 
and risk of all incident cancer (two studies based on self-reported sitting time; two 
based on accelerometer-measured sedentary time), bladder cancer (three), brain 
cancer (one), breast cancer [20], colorectal/colon/rectal cancer [16], endometrial 
cancer (seven), oesophageal cancer (three), gallbladder cancer (one), head and 
neck cancer (two), haematological cancer (one), kidney cancer (four), liver cancer 
(three), lung cancer (eight), melanoma (two), multiple myeloma (one), myeloid 
malignancies (one), non-Hodgkin lymphoma (two), ovarian cancer (seven), pancre-
atic cancer (three), prostate cancer (seven) and stomach cancer (four). 

9.3.1 Sedentary Behaviour and All Cancer Incidence 

Four prospective cohort studies examined the relationship between sedentary behav-
iour and the risk of developing any time of cancer: one study looked at self-reported 
occupational sitting time [24]; another study had assessed self-reported total sitting 
time [25], and two studies used ActiGraph accelerometers to measure sedentary time 
[26, 27]. Because self-report questionnaires and accelerometers actually measure 
different aspects of sedentary behaviour [28], we did not meta-analyse these four 
studies. We observed minimal to no increase in risk of incident cancer in the self-
report studies [24, 25] but an increase in risk of 67% (95% CI: 1.24–2.24) [26] and 
37% (95% CI: 0.91–2.08) [27] for the accelerometer studies.



256 C. T. V. Swain et al.

T
ab

le
 9
.1
 
S
tu
di
es
 in

ve
st
ig
at
in
g 
th
e 
as
so
ci
at
io
ns
 o
f 
se
de
nt
ar
y 
be
ha
vi
ou

r 
an
d 
ca
nc
er
 r
is
k 

A
ut
ho

rs
, 

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e 

M
ea
su
re
 o
f 
se
de
nt
ar
y 

be
ha
vi
ou

r 

R
es
ul
ts
 (
hi
gh

es
t 
vs
 

lo
w
es
t 
ex
po

su
re
 

ca
te
go

ri
es
) 

M
ul
tiv

ar
ia
bl
e 

ad
ju
st
m
en
t 

A
ll 
ca
nc
er
 in

ci
de
nc
e 

Ih
ir
a 

et
 a
l.,
 2
02

0.
 

Ja
pa
n 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
13

,2
77

 w
om

en
 a
nd

 
20

,0
30

 m
en
 in

 J
ap
an
 

P
ub

lic
 H

ea
lth

 C
en
te
r-

ba
se
d 
P
ro
sp
ec
tiv

e 
S
tu
dy

, a
ge
d 
50

–7
9 
at
 

en
ro
lm

en
t. 
M
ea
n 

fo
llo

w
-u
p 
10

.2
 y
ea
rs
 

96
5 
w
om

en
 a
nd

 2
84

2 
m
en
 d
ia
gn

os
ed
 w

ith
 

ca
nc
er
; 
id
en
tifi

ed
 v
ia
 

po
pu

la
tio

n-
ba
se
d 
ca
n-

ce
r 
re
gi
st
ri
es
 o
r 
lo
ca
l 

m
aj
or
 h
os
pi
ta
l 
re
co
rd
s 

O
cc
up

at
io
na
l s
itt
in
g 

tim
e,
 c
at
eg
or
is
ed
 a
s 

<
1,
 1
–<

3 
(r
ef
.)
, 3

–<
5,
 

5–
<
7,
 ≥
7 
h/
da
y 

W
om

en
 

R
R
 =

 1
.0
8 
(0
.9
8,
 

1.
18

) 
M
en
 

R
R
 =

 1
.1
2 
(0
.9
9,
 

1.
26

) 

A
ge
, a
re
a,
 h
is
to
ry
 o
f 

di
ab
et
es
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke
, 

bo
dy

 m
as
s 
in
de
x,
 c
of
-

fe
e,
 w
al
ki
ng

 t
im

e 
at
 

w
or
k,
 s
tr
en
uo

us
 t
im

e 
at
 w

or
k)
, m

od
er
at
e-
to
-

vi
go

ro
us
 p
hy

si
ca
l 

ac
tiv

ity
 t
im

e 
in
 le
is
ur
e 

tim
e,
 t
yp

e 
of
 jo

b 
an
d 

to
ta
l 
w
or
ki
ng

 h
ou

rs
 

R
an
gu

l 
et
 a
l.,
 2
01

8.
 

N
or
w
ay
 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
19

,0
39

 w
om

en
 a
nd

 
18

,7
77

1 
m
en
 in

 th
e 

N
or
d-
T
rø
nd

el
ag
 H
ea
lth

 
S
tu
dy

, a
ge
d 
≥
20

 y
ea
rs
 

at
 e
nr
ol
m
en
t. 
M
ed
ia
n 

fo
llo

w
-u
p 
16

 y
ea
rs
 

17
61

 w
om

en
 a
nd

 2
43

5 
m
en
 d
ia
gn

os
ed
 w

ith
 

ca
nc
er
, i
de
nt
ifi
ed
 v
ia
 

lin
ka
ge
 t
o 
th
e 
C
an
ce
r 

R
eg
is
tr
y 
of
 N

or
w
ay
 

T
ot
al
 s
itt
in
g 
tim

e 
(s
in
-

gl
e 
qu

es
tio

n,
 p
ar
tic
i-

pa
nt
s 
pr
om

pt
ed
 t
o 

in
cl
ud

e 
si
tti
ng

 a
t w

or
k,
 

m
ea
lti
m
es
, w

at
ch
in
g 

T
V
, s
itt
in
g 
in
 a
 c
ar
, 

et
c)
, c
at
eg
or
is
ed
 a
s 
<
8 

(r
ef
.)
 o
r 
≥
8 
h/
da
y 

W
om

en
 

R
R
 =

 1
.0
2 
(0
.9
1,
 

1.
14

) 
M
en
 

R
R
 =

 1
.0
8 
(0
.9
8,
 

1.
18

) 

A
ge
, e
du

ca
tio

n,
 

sm
ok

in
g,
 a
lc
oh

ol
, 

B
M
I 

A
ll 
ca
nc
er
 in

ci
de
nc
e 
(a
cc
el
er
om

et
er
) 

D
em

ps
ey
 

et
 a
l.,
 2
02

0.
 

U
ni
te
d 

K
in
gd

om
 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
78

20
 p
ar
tic
ip
an
ts
 o
f 
th
e 

E
P
IC
-N

or
fo
lk
 s
tu
dy

, 
ag
ed
 4
0–
79

 a
t 
ba
se
lin

e 

51
6 
in
ci
de
nt
 c
an
ce
rs
 

w
er
e 
id
en
tifi

ed
 v
ia
 

ho
sp
ita
l 
re
co
rd
s 

A
ct
ig
ra
ph

 G
T
1M

 a
nd

 
G
T
3X

+
 (
ha
rm

on
is
ed
; 

ri
gh

t h
ip
) 
w
or
n 
du

ri
ng

 
w
ak
in
g 
ho

ur
s.
 S
ed
en
-

ta
ry
 ti
m
e 
(<

10
0 
co
un

ts

H
R
 f
or
 9
0t
h 
vs
. 1

0t
h 

pe
rc
en
til
e 
(e
qu

iv
a-

le
nt
 t
o 
11

 h
/ 

da
y 
vs
. 8

 h
/ 

da
y)
 =

 1
.6
7 
(1
.2
4,
 

2.
24

) 

S
ex
, a
cc
el
er
om

et
er
 

w
ea
r 
tim

e,
 m

od
er
at
e-

to
-v
ig
or
ou

s 
ph

ys
ic
al
 

ac
tiv

ity
, e
du

ca
tio

n,
 

so
ci
al
 c
la
ss
, s
m
ok

in
g 

st
at
us
, a
lc
oh

ol
 i
nt
ak
e,



D
oh

rn
et
al
.,
20

19
.

S
w
ed
en

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
12

20
ad
ul
ts
fr
om

th
e

S
w
ed
en

A
tti
tu
de

B
eh
av
io
ur

an
d
C
ha
ng

e
st
ud

y,
ag
ed

18
–7
5
ye
ar
s
at

en
ro
lm

en
t

16
1
ca
nc
er
s
id
en
tifi

ed
th
ro
ug

h
lin

ka
ge

w
ith

th
e
S
w
ed
is
h
C
au
se

of
D
ea
th

R
eg
is
te
r

A
ct
ig
ra
ph

71
64

w
or
n

on
lo
w
er

ba
ck

du
ri
ng

w
ak
in
g
ho

ur
s.
S
ed
en
-

ta
ry

tim
e
(<

10
0
co
un

ts
pe
r
m
in
ut
e)

ca
te
go

ri
se
d

as
te
rt
ile
s

H
R
=

1.
37

(0
.9
1,

2.
08

)
A
ge
,s
ex
,s
m
ok

in
g,

ed
uc
at
io
n,

hy
pe
rt
en
-

si
on

,d
ia
be
te
s,
ar
th
ri
-

tis
,w

ea
r
tim

e

B
la
dd

er
ca
nc
er

H
un

te
r

et
al
.,
20

20
.

U
ni
te
d

K
in
gd

om

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
47

0,
57

8
ad
ul
ts
ag
ed

be
tw
ee
n
40

–6
9
ye
ar
s

fr
om

th
e
U
K
B
io
ba
nk

st
ud

y

67
7
bl
ad
de
r
ca
nc
er

ca
se
s
id
en
tifi

ed
vi
a

ca
nc
er

re
gi
st
ry

lin
ka
ge

T
V
tim

e
ca
te
go

ri
se
d
as

≤
1,

1–
≤
3
(r
ef
.)
,3

–≤
5,

>
5
h/
da
y

H
R
=

1.
29

(0
.9
7,

1.
73

)
A
ge
,s
ex
,e
th
ni
ci
ty
,

de
pr
iv
at
io
n
in
de
x,

ed
uc
at
io
n,

fr
ui
t
an
d

ve
ge
ta
bl
e,
B
M
I,

he
ig
ht
,s
m
ok

in
g
st
a-

tu
s,
al
co
ho

li
nt
ak
e

Ih
ir
a

et
al
.,
20

20
.

Ja
pa
n

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
13

,2
77

w
om

en
an
d

20
,0
30

m
en

in
Ja
pa
n

P
ub

lic
H
ea
lth

C
en
te
r-

ba
se
d
P
ro
sp
ec
tiv

e
S
tu
dy

,a
ge
d
50

–7
9
at

en
ro
lm

en
t.
M
ea
n

fo
llo

w
-u
p
10

.2
ye
ar
s

15
w
om

en
an
d
93

m
en

di
ag
no

se
d
w
ith

bl
ad
de
r

ca
nc
er
;
id
en
tifi

ed
vi
a

po
pu

la
tio

n-
ba
se
d
ca
n-

ce
r
re
gi
st
ri
es

or
lo
ca
l

m
aj
or

ho
sp
ita
l
re
co
rd
s

O
cc
up

at
io
na
ls
itt
in
g

tim
e,
ca
te
go

ri
se
d
as

<
1,

1–
<
3
(r
ef
.)
,3

–<
5,

5–
<
7,

≥
7
h/
da
y

W
om

en
R
R
=

0.
79

(0
.1
4,

4.
27

)
M
en

R
R
=

0.
56

(0
.2
7,

1.
17

)

A
ge
,a
re
a,
hi
st
or
y
of

di
ab
et
es
,s
m
ok

in
g
st
a-

tu
s,
al
co
ho

li
nt
ak
e,

bo
dy

m
as
s
in
de
x,

co
f-

fe
e,
w
al
ki
ng

tim
e
at

w
or
k,

st
re
nu

ou
s
tim

e
at
w
or
k)
,m

od
er
at
e-
to
-

(c
on

tin
ue
d)

pe
r 
m
in
ut
e)
 a
s 
co
nt
in
u-

ou
s 
va
ri
ab
le
 (
h/
da
y)

ba
se
lin

e 
hi
st
or
y 
of
 

di
ab
et
es
 o
r 
ta
ki
ng

 d
ia
-

be
te
s 
m
ed
ic
at
io
n,
 

m
ed
ic
at
io
n 
us
e 
fo
r 

hy
pe
rt
en
si
on

, 
dy

sl
ip
id
ae
m
ia
 o
r 

de
pr
es
si
on

, f
am

ily
 

hi
st
or
y 
of
 C
V
D
, d

ia
-

be
te
s 
or
 c
an
ce
r 
(a
ge
 

un
de
rl
yi
ng

 t
im

e 
m
et
ri
c)

9 Sedentary Behaviour and Cancer 257



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

vi
go

ro
us

ph
ys
ic
al

ac
tiv

ity
in
le
is
ur
e
tim

e,
ty
pe

of
jo
b
an
d
to
ta
l

w
or
ki
ng

ho
ur
s

P
at
el

et
al
.,
20

15
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
14

6,
72

2
pa
rt
ic
ip
an
ts
of

th
e
A
C
S
C
P
S
II
N
ut
ri
-

tio
n
C
oh

or
t,
ag
ed

50
–7
4
at
en
ro
lm

en
t.

M
ea
n
fo
llo

w
-u
p

15
.8

ye
ar
s

27
1
w
om

en
an
d
11

87
m
en

di
ag
no

se
d
w
ith

bl
ad
de
r
ca
nc
er
;i
de
nt
i-

fi
ed

vi
a
se
lf
-r
ep
or
tw

ith
su
bs
eq
ue
nt

ve
ri
fi
ca
tio

n
by

m
ed
ic
al
re
co
rd

or
lin

ka
ge

w
ith

st
at
e
ca
n-

ce
r
re
gi
st
ri
es

L
ei
su
re
-t
im

e
si
tti
ng

(T
V
,r
ea
di
ng

,e
tc
)

ca
te
go

ri
se
d
as

0–
<
3

(r
ef
.)
,3

–5
,o

r
≥
6
h/
da
y

W
om

en
R
R
=

1.
17

(0
.8
0,

1.
70

)
M
en

R
R
=

1.
01

(0
.8
6,

1.
19

)

A
ge
,p

hy
si
ca
l
ac
tiv

ity
(e
xe
rc
is
e,
da
ily

-l
if
e,

ho
us
ek
ee
pi
ng

),
ra
ce
,

sm
ok

in
g
st
at
us
,d

ur
a-

tio
n
an
d
fr
eq
ue
nc
y
of

sm
ok

in
g
am

on
g
cu
r-

re
nt

sm
ok

er
s,
ye
ar
s

si
nc
e
qu

itt
in
g
am

on
g

fo
rm

er
sm

ok
er
s,
ed
u-

ca
tio

n,
al
co
ho

l
in
ta
ke
,

to
ta
l
en
er
gy

in
ta
ke
,

re
d/
pr
oc
es
se
d
m
ea
t

in
ta
ke
,f
am

ily
hi
st
or
y

of
ca
nc
er
,p

re
va
le
nt

ch
ro
ni
c
di
se
as
e,
di
a-

be
te
s,
m
en
op

au
sa
l
st
a-

tu
s
(w

om
en
),

po
st
m
en
op

au
sa
l
ho

r-
m
on

e
us
e
(w

om
en
),

en
do

sc
op

y
sc
re
en
in
g,

B
M
I

258 C. T. V. Swain et al.



(c
on

tin
ue
d)

B
ra
in
 c
an

ce
r 

H
un

te
r 

et
 a
l.,
 2
02

0.
 

U
ni
te
d 

K
in
gd

om
 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
47

0,
57

8 
ad
ul
ts
 a
ge
d 

be
tw
ee
n 
40

–6
9 
ye
ar
s 

fr
om

 t
he
 U

K
 B
io
ba
nk

 
st
ud

y 

46
3 
br
ai
n 
tu
m
ou

rs
 

id
en
tifi

ed
 v
ia
 c
an
ce
r 

re
gi
st
ry
 l
in
ka
ge
 

T
V
 ti
m
e 
ca
te
go

ri
se
d 
as
 

≤
1,
 1
–≤

3 
(r
ef
.)
, 3

–≤
5,
 

>
5 
h/
da
y 

H
R
 =

 0
.9
6 
(0
.6
3,
 

2.
06

) 
A
ge
, s
ex
, e
th
ni
ci
ty
, 

de
pr
iv
at
io
n 
in
de
x,
 

ed
uc
at
io
n,
 f
ru
it 
an
d 

ve
ge
ta
bl
e,
 B
M
I,
 

he
ig
ht
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke
 

B
re
as
t c
an

ce
r 

S
an
ch
ez
-

B
ay
on

a 
et
 a
l.,
 2
02

1.
 

S
pa
in
 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
10

,8
12

 f
em

al
e 
gr
ad
u-

at
es
 f
ro
m
 t
he
 U
ni
ve
r-

si
ty
 o
f 
N
av
ar
ra
. M

ea
n 

ag
e 
at
 r
ec
ru
itm

en
t 

35
.7
 y
ea
rs
 

10
1 
co
nfi

rm
ed
 v
ia
 

m
ed
ic
al
 r
ec
or
ds
 o
r 

lin
ka
ge
 t
o 
N
at
io
na
l 

D
ea
th
 I
nd

ex
 

T
V
 ti
m
e 
ca
te
go

ri
se
d 
as
 

<
1 
(r
ef
.)
, 1

–2
, >

2
h/

 
da
y 

A
ll 
w
om

en
 

H
R
 =

 1
.6
7 
(1
.0
3,
 

2.
72

),
 p
 tr
en
d
=
 0
.0
2.
 

P
re
m
en
op

au
sa
l 

w
om

en
 

H
R
 =

 2
.2
2 
(1
.1
5,
 

4.
28

),
 p
 tr
en
d 
=
 0
.0
1 

P
os
tm

en
op

au
sa
l 

w
om

en
 

H
R
 =

 1
.0
7 
(0
.4
5,
 

2.
60

),
 p
 tr
en
d 
=
 0
.8
7 

H
ei
gh

t, 
f a
m
ily

 h
is
to
ry
 

of
 b
re
as
t c
an
ce
r,
 

sm
ok

in
g 
st
at
us
, l
if
e-

tim
e 
to
ba
cc
o 
ex
po

-
su
re
, a
ge
 a
t 
m
en
ar
ch
e,
 

ob
st
et
ri
c 
hi
st
or
y,
 l
if
e-

tim
e 
br
ea
st
 f
ee
di
ng

, 
ye
ar
s 
of
 u
ni
ve
rs
ity

 
st
ud

y,
 M

ed
ite
rr
an
ea
n 

di
et
 a
dh

er
en
ce
 s
co
re
, 

ph
ys
ic
al
 a
ct
iv
ity

, a
lc
o-

ho
l 
co
ns
um

pt
io
n,
 

da
ily

 e
ne
rg
y 
in
ta
ke
, 

B
M
I,
 s
ug

ar
-s
w
ee
te
ne
d 

be
ve
ra
ge
 c
on

su
m
p-

tio
n,
 ti
m
e 
sp
en
t s
itt
in
g 

in
 c
ar
 o
r 
us
in
g 
co
m
-

pu
te
r.
 F
or
 p
os
tm

en
o-

pa
us
al
 w

om
en
 o
nl
y:
 

H
R
T
, d

ur
at
io
n 
of
 

H
R
T
, a
ge
 a
t m

en
o-

pa
us
e 
(a
ge
 u
nd

er
ly
in
g 

tim
e 
m
et
ri
c)

9 Sedentary Behaviour and Cancer 259



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

H
un

te
r 

et
 a
l.,
 2
02

0.
 

U
ni
te
d 

K
in
gd

om
 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
25

3,
18

8 
w
om

en
 a
ge
d 

be
tw
ee
n 
40

–6
9 
ye
ar
s 

fr
om

 t
he
 U

K
 B
io
ba
nk

 
st
ud

y 

50
72

 b
re
as
t 
ca
nc
er
 

ca
se
s 
id
en
tifi

ed
 v
ia
 

ca
nc
er
 r
eg
is
tr
y 
lin

ka
ge
 

T
V
 ti
m
e 
ca
te
go

ri
se
d 
as
 

≤
1,
 1
–≤

3 
(r
ef
.)
, 3

–≤
5,
 

>
5 
h/
da
y 

H
R
 =

 0
.9
9 
(0
.8
7,
 

1.
12

) 
A
ge
, s
ex
, e
th
ni
ci
ty
, 

de
pr
iv
at
io
n 
in
de
x,
 

ed
uc
at
io
n,
 f
ru
it 
an
d 

ve
ge
ta
bl
e,
 B
M
I,
 

he
ig
ht
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke
 

Ih
ir
a 

et
 a
l.,
 2
02

0.
 

Ja
pa
n 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
13

,2
77

 w
om

en
 in
 J
ap
an
 

P
ub

lic
 H

ea
lth

 C
en
te
r-

ba
se
d 
P
ro
sp
ec
tiv

e 
S
tu
dy

, a
ge
d 
50

–7
9 
at
 

en
ro
lm

en
t. 
M
ea
n 

fo
llo

w
-u
p 
10

.2
 y
ea
rs
 

17
4 
w
om

en
 d
ia
gn

os
ed
 

w
ith

 b
re
as
t 
ca
nc
er
; 

id
en
tifi

ed
 v
ia
 

po
pu

la
tio

n-
ba
se
d 
ca
n-

ce
r 
re
gi
st
ri
es
 o
r 
lo
ca
l 

m
aj
or
 h
os
pi
ta
l 
re
co
rd
s 

O
cc
up

at
io
na
l s
itt
in
g 

tim
e,
 c
at
eg
or
is
ed
 a
s 

<
1 
h/
da
y;
 1
 to

 <
3
h/

 
da
y 
(r
ef
.)
; 
3 
to
 

<
5 
h/
da
y;
 5
 to

 <
7
h/

 
da
y;
 o
r 
lo
ng

er
, ≥

7
h/

 
da
y 

R
R
 =

 1
.1
1 
(0
.6
9,
 

1.
81

).
 

A
ge
, a
re
a,
 h
is
to
ry
 o
f 

di
ab
et
es
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke
, 

B
M
I,
 c
of
fe
e,
 w

al
ki
ng

 
tim

e 
at
 w

or
k,
 s
tr
en
u-

ou
s 
tim

e 
at
 w

or
k)
, 

m
od

er
at
e-
to
-v
ig
or
ou

s 
ph

ys
ic
al
 a
ct
iv
ity

 t
im

e 
in
 le
is
ur
e 
tim

e,
 ty

pe
 o
f 

jo
b 
an
d 
to
ta
l 
w
or
ki
ng

 
ho

ur
s 

C
ao
 

et
 a
l.,
 2
01

9.
 

Ja
pa
n 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
32

,2
76

 w
om

en
 i
n 
th
e 

Ja
pa
n 
C
ol
la
bo

ra
tiv

e 
C
oh

or
t S

tu
dy

 f
or
 E
va
l-

ua
tio

n 
of
 C
an
ce
r 
R
is
k,
 

ag
ed
 4
0 
to
 7
9 
ye
ar
s 
at
 

en
ro
lm

en
t. 
M
ed
ia
n 

fo
llo

w
-u
p 
16

.8
 y
ea
rs
 

24
7 
w
om

en
 d
ia
gn

os
ed
 

w
ith

 b
re
as
t 
ca
nc
er
, 

id
en
tifi

ed
 v
ia
 

po
pu

la
tio

n-
ba
se
d 
ca
n-

ce
r 
re
gi
st
ri
es
 o
r 
lo
ca
l 

m
aj
or
 h
os
pi
ta
l 
re
co
rd
s 

T
im

e 
sp
en
t w

at
ch
in
g 

T
V
, c
at
eg
or
is
ed
 a
s 

<
1.
5 
(r
ef
.)
, 1

.5
–2

.9
, 

3–
4.
4 
or
 ≥
4.
5 
h/
da
y 

A
ll 
W
om

en
 

R
R
 =

 1
.4
5 
(0
.9
1,
 

2.
32

) 
P
re
m
en
op

au
sa
l 

w
om

en
 

O
R
 =

 1
.3
4 
(0
.7
6,
 

2.
36

) 
P
os
tm

en
op

au
sa
l 

w
om

en
 

O
R
 =

 2
.3
7 
(0
.9
2,
 

6.
10

) 

A
ge
, a
ge
 o
f 
m
en
ar
ch
e,
 

B
M
I,
 p
ar
ity

, f
am

ily
 

hi
st
or
y 
of
 b
re
as
t 
ca
n-

ce
r,
 e
du

ca
tio

n 
le
ve
l, 

m
ar
ri
ed
 s
ta
tu
s,
 d
ay
-

tim
e 
na
pp

in
g,
 s
le
ep
 

du
ra
tio

n,
 m

en
ta
l 

st
re
ss
, a
lc
oh

ol
 i
nt
ak
e,
 

ho
rm

on
e 
us
e,
 s
m
ok

in
g 

st
at
us
, s
po

rt
 t
im

e,
 

w
al
ki
ng

 t
im

e,
 a
nd

260 C. T. V. Swain et al.



R
an
gu

l
et
al
.,
20

18
.

N
or
w
ay

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
19

,0
39

w
om

en
in

th
e

N
or
d-
T
rø
nd

el
ag

H
ea
lth

S
tu
dy

,a
ge
d
≥
20

ye
ar
s

at
en
ro
lm

en
t.
M
ed
ia
n

fo
llo

w
-u
p
16

ye
ar
s

51
3
w
om

en
di
ag
no

se
d

w
ith

br
ea
st
ca
nc
er
,

id
en
tifi

ed
vi
a
lin

ka
ge

to
th
e
C
an
ce
r
R
eg
is
tr
y
of

N
or
w
ay

T
ot
al
si
tti
ng

tim
e
(s
in
-

gl
e
qu

es
tio

n,
pa
rt
ic
i-

pa
nt
s
pr
om

pt
ed

to
in
cl
ud

e
si
tti
ng

at
w
or
k,

m
ea
lti
m
es
,w

at
ch
in
g

T
V
,s
itt
in
g
in

a
ca
r,

et
c)
,c
at
eg
or
is
ed

as
<
8

(r
ef
.)
or

≥
8
h/
da
y

R
R
=

1.
04

(0
.8
5,

1.
27

)
A
ge
,e
du

ca
tio

n,
sm

ok
in
g,

al
co
ho

l,
B
M
I

H
ue
rt
a

et
al
.,
20

19
.

S
pa
in

C
as
e-
co
n-

tr
ol

st
ud

y
13

89
ca
se
s
fr
om

ho
sp
i-

ta
ls
in

10
re
gi
on

s
of

S
pa
in
.1

71
2
co
nt
ro
ls

(f
re
qu

en
cy
-m

at
ch
ed

by
se
x,

ag
e
an
d
re
gi
on

)
ra
nd

om
ly

re
cr
ui
te
d

fr
om

ge
ne
ra
l
pr
ac
ti-

tio
ne
r
lis
ts

In
ci
de
nt

br
ea
st
ca
nc
er

ca
se
s

L
ei
su
re
-t
im

e
si
tti
ng

in
th
e
la
st
ye
ar
,

ca
te
go

ri
se
d
as

<
3

(r
ef
.)
,3

–5
.9
,6

–8
.9
,o

r
≥
9
h/
da
y

A
ll
w
om

en
O
R
=

1.
08

(0
.8
2,

1.
42

)
P
re
m
en
op

au
sa
l

w
om

en
O
R
=

1.
14

(0
.8
1,

1.
61

)
P
os
tm

en
op

au
sa
l

w
om

en
O
R
=

1.
10

(0
.7
0,

1.
71

)

A
ge
,s
ex
,s
oc
io
ec
o-

no
m
ic
st
at
us
,s
tu
dy

ar
ea
,f
am

ily
hi
st
or
y
of

br
ea
st
ca
nc
er
,a
ge

at
m
en
ar
ch
e,
ag
e
at
fi
rs
t

pr
eg
na
nc
y,

m
en
o-

pa
us
al
st
at
us
,u

se
of

or
al
co
nt
ra
ce
pt
iv
es
,

us
e
of

ho
rm

on
e

re
pl
ac
em

en
t
th
er
ap
y,

sm
ok

in
g,

B
M
I,
in
ta
ke

of
to
ta
l
en
er
gy

,r
ed

m
ea
t,
ve
ge
ta
bl
es

an
d

al
co
ho

l,
ph

ys
ic
al

ac
tiv

ity
do

m
ai
ns

(c
on

tin
ue
d)

hi
st
or
y 
of
 d
ia
be
te
s 
(f
or
 

po
st
m
en
op

au
sa
l 

w
om

en
 a
dj
us
te
d 
fu
r-

th
er
 f
or
 a
ge
 o
f 
m
en
o-

pa
us
e,
 t
yp

e 
of
 

m
en
op

au
se
)

9 Sedentary Behaviour and Cancer 261



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

N
om

ur
a 

et
 a
l.,
 2
01

7.
 

U
ni
te
d 
S
ta
te
s 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
70

,2
33

 p
os
tm

en
o-

pa
us
al
 w
om

en
 f
ro
m
 th

e 
W
om

en
’s
 H

ea
lth

 I
ni
-

tia
tiv

e 
O
bs
er
va
tio

n 
S
tu
dy

, a
ge
d 
be
tw
ee
n 

50
 a
nd

 7
9 
at
 b
as
el
in
e 

41
15

 i
nc
id
en
t 
ca
se
s 
of
 

br
ea
st
 d
et
er
m
in
ed
 v
ia
 

m
ed
ic
al
 r
ec
or
ds
 a
nd

 
ph

ys
ic
ia
n 
re
vi
ew

 

S
itt
in
g 
tim

e 
ca
te
go

ri
se
d 

as
 <

5 
(r
ef
.)
, 6

–1
0,
 

>
10

 h
/d
ay
 

H
R
 =

 1
.0
0 
(0
.9
2,
 

1.
09

) 
A
ge
, r
eg
io
n,
 r
ac
e/
et
h-

ni
ci
ty
, e
du

ca
tio

n,
 

N
S
A
ID

 u
sa
ge
, B

M
I,
 

pa
ri
ty
, r
ec
re
at
io
na
l 

ph
ys
ic
al
 a
ct
iv
ity

, 
m
am

m
og

ra
m
 f
re
-

qu
en
cy
 

ov
er
 p
as
t 5

 y
ea
rs
, p
ac
k 

ye
ar
s 
sm

ok
in
g,
 a
lc
o-

ho
l 
in
ta
ke
, u

no
pp

os
ed
 

oe
st
ro
ge
n,
 o
es
tr
og

en
, 

pr
og

es
tin

, H
E
I 
20

05
 

sc
or
e 

B
oy

le
 

et
 a
l.,
 2
01

6.
 

A
us
tr
al
ia
 a
nd

 
C
an
ad
a 

C
as
e-
co
n-

tr
ol
 s
tu
dy

 
(p
oo

le
d 
da
ta
 

fr
om

 t
w
o 

st
ud

ie
s)
 

17
62

 c
as
es
 r
ec
ru
ite
d 

vi
a 
ca
nc
er
 r
eg
is
tr
ie
s 

an
d 
25

32
 c
on

tr
ol
s 

In
ci
de
nt
 in

va
si
ve
 b
re
as
t 

ca
nc
er
 c
as
es
 

O
cc
up

at
io
na
l d

ia
ry
 

re
po

rt
ed
 e
ac
h 
jo
b 
he
ld
 

fo
r 
m
or
e 
th
an
 s
ix
 

m
on

th
s.
 P
ar
tic
ip
an
ts
 

se
lf
-r
ep
or
te
d 
if
 j
ob

 
se
de
nt
ar
y 
(c
um

ul
at
iv
e 

tim
e 
ca
lc
ul
at
ed
 a
s 
se
lf
-

re
po

rt
ed
 y
ea
rs
, 

ca
te
go

ri
se
d 
as
 0
 [
re
f.
],
 

0.
1–
6.
99

, 7
–1

8.
49

, 
≥
18

.5
 y
ea
rs
).
 A

 
jo
b-
ex
po

su
re
 m

at
ri
x 

us
ed
 to

 a
ss
es
s 
se
de
n-

ta
ry
 b
eh
av
io
ur
 i
n 
ea
ch
 

jo
b 
(c
um

ul
at
iv
e 
tim

e

P
re
m
en
op

au
sa
l 

w
om

en
 O

R
se
lf
-r
ep
o
rt
ed
 

y
ea
rs
 =

 1
.5
1 
(0
.9
1,
 

2.
51

) 
O
R
jo
b
-e
x
p
o
su
re
 m

at
ri
x
 

y
ea
rs
 =

 1
.1
2 
(0
.6
1,
 

2.
06

) 
P
os
tm

en
op

au
sa
l 

w
om

en
 O

R
se
lf
-r
ep
o
rt
ed
 

y
ea
rs
 =

 0
.8
6 
(0
.5
9,
 

1.
26

) 
O
R
jo
b
-e
x
p
o
su
re
 m

at
ri
x
 

y
ea
rs
 =

 0
.9
4 
(0
.6
0,
 

1.
47

) 

A
ge
, s
tu
dy

 l
oc
at
io
n,
 

ed
uc
at
io
n,
 e
th
ni
ci
ty
, 

re
cr
ea
tio

na
l 
ph

ys
ic
al
 

ac
tiv

ity
 i
n 
ea
rl
y 
ad
ul
t-

ho
od

, B
M
I 
in
 e
ar
ly
 

ad
ul
th
oo

d,
 n
um

be
r 
of
 

bi
rt
hs
, b

re
as
tf
ee
di
ng

 
st
at
us
, s
hi
ft
 w

or
k 
st
a-

tu
s,
 y
ea
rs
 w
or
ke
d 
in
 a
n 

ac
tiv

e 
oc
cu
pa
tio

n

262 C. T. V. Swain et al.



(c
on

tin
ue
d)

ca
lc
ul
at
ed
 a
s 

jo
b-
ex
po

su
re
 m

at
ri
x 

ye
ar
s,
 c
at
eg
or
is
ed
 a
s 

0 
[r
ef
.]
, 0

.1
–6
.9
9,
 

7–
18

.4
9,
 ≥
18

.5
 y
ea
rs
)

N
om

ur
a 

et
 a
l.,
 2
01

6.
 

U
ni
te
d 
S
ta
te
s 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
46

,7
34

 p
ar
tic
ip
an
ts
 

fr
om

 t
he
 B
la
ck
 

W
om

en
’s
 H

ea
lth

 
S
tu
dy

, a
ge
d 
21

–6
9 
at
 

en
ro
lm

en
t 

20
41

 i
nc
id
en
t 
br
ea
st
 

ca
nc
er
s 
no

tifi
ed
 v
ia
 

se
lf
-r
ep
or
t 
an
d 
fo
llo

w
-

up
 t
hr
ou

gh
 c
an
ce
r 
re
g-

is
tr
ie
s 
an
d 
ho

sp
ita
ls
 

B
as
el
in
e 
to
ta
l 
si
tti
ng

 
de
ri
ve
d 
by

 a
dd

in
g 
tim

e 
sp
en
t s
itt
in
g 
at
 w

or
k 

w
ith

 T
V
 v
ie
w
in
g 
tim

e.
 

C
at
eg
or
is
ed
 a
s 
<
5 

(r
ef
.)
, 5

–<
7,
 7
–<

10
, 

≥
10

 h
/d
ay
 

A
ll 
w
om

en
 

H
R
 =

 1
.2
7 
(1
.0
6,
 

1.
53

) 
P
re
m
en
op

au
sa
l 

w
om

en
 

H
R
 =

 1
.0
3 
(0
.8
0,
 

1.
46

) 
P
os
tm

en
op

au
sa
l 

w
om

en
 

H
R
 =

 1
.3
6 
(1
.0
6,
 

1.
76

) 

A
ge
, g

eo
gr
ap
hi
c 

re
gi
on

, B
M
I,
 e
du

ca
-

tio
n,
 r
ec
re
at
io
na
l 

ph
ys
ic
al
 a
ct
iv
ity

, c
al
o-

ri
c 
in
ta
ke
, p

ar
ity

, a
ge
 

at
 m

en
ar
ch
e,
 m

en
o-

pa
us
al
 h
or
m
on

e 
us
e,
 

or
al
 c
on

tr
ac
ep
tiv

e 
us
e,
 

fa
m
ily

 h
is
to
ry
 o
f 

br
ea
st
 c
an
ce
r,
 m

am
-

m
og

ra
m
, s
m
ok

in
g 

P
at
el
 

et
 a
l.,
 2
01

5.
 

U
S
A
. 

A
ft
er
 

H
ild

eb
ra
nd

 
et
 a
l.,
 2
01

3 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
77

,4
62

 w
om

en
 i
n 
th
e 

A
C
S
 C
P
S
-I
I 
nu

tr
iti
on

 
co
ho

rt
, a
ge
d 
50

–7
4 
at
 

en
ro
lm

en
t. 
M
ea
n 

fo
llo

w
-u
p 
15

.8
 y
ea
rs
 

41
65

 i
nv

as
iv
e 
br
ea
st
 

ca
nc
er
s 
se
lf
-r
ep
or
te
d,
 

w
ith

 s
ub

se
qu

en
t 
ve
ri
fi
-

ca
tio

n 
vi
a 
m
ed
ic
al
 

re
co
rd
, s
ta
te
 c
an
ce
r 

re
gi
st
ry
 o
r 
N
at
io
na
l 

D
ea
th
 I
nd

ex
 

L
ei
su
re
-t
im

e 
si
tti
ng

 
(T
V
, r
ea
di
ng

, e
tc
) 

ca
te
go

ri
se
d 
as
 <

3 
(r
ef
.)
, 3

–5
, o

r 
≥
6 
h/
da
y 

R
R
 =

 1
.1
0 
(1
.0
0,
 

1.
21

) 
A
ge
, p

hy
si
ca
l 
ac
tiv

ity
 

(e
xe
rc
is
e,
 d
ai
ly
-l
if
e,
 

ho
us
ek
ee
pi
ng

),
 r
ac
e,
 

sm
ok

in
g 
st
at
us
, d

ur
a-

tio
n 
an
d 
fr
eq
ue
nc
y 
of
 

sm
ok

in
g 
am

on
g 
cu
r-

re
nt
 s
m
ok

er
s,
 y
ea
rs
 

si
nc
e 
qu

itt
in
g 
am

on
g 

fo
rm

er
 s
m
ok

er
s,
 e
du

-
ca
tio

n,
 a
lc
oh

ol
 i
nt
ak
e,
 

to
ta
l 
en
er
gy

 i
nt
ak
e,
 

re
d/
pr
oc
es
se
d 
m
ea
t 

in
ta
ke
, f
am

ily
 h
is
to
ry
 

of
 c
an
ce
r,
 p
re
va
le
nt
 

ch
ro
ni
c 
di
se
as
e,
 d
ia
-

be
te
s,
 m

en
op

au
sa
l

9 Sedentary Behaviour and Cancer 263



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

E
ke
ng

a
et
al
.,
20

15
.

U
ni
te
d
S
ta
te
s

an
d
P
ue
rt
o

R
ic
o

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
47

,6
49

w
om

en
,a
ge
d

30
–7
4
at
en
ro
lm

en
t

in
to

th
e
S
is
te
r
S
tu
dy

.
M
ea
n
fo
llo

w
-u
p

4.
7
ye
ar
s

17
89

br
ea
st
ca
nc
er

ca
se
s
id
en
tifi

ed
by

se
lf
-

re
po

rt
.E

xc
el
le
nt

ag
re
e-

m
en
t
w
ith

m
ed
ic
al

re
co
rd
s/
pa
th
ol
og

y
re
po

rt
s
(9
9.
5%

)

P
re
de
fi
ne
d
ca
te
go

ri
es

of
oc
cu
pa
tio

na
la
ct
iv
ity

co
lla
ps
ed

in
to

fo
ur

ca
t-

eg
or
ie
s:
m
os
tly

si
tti
ng

,
si
tti
ng

an
d
st
an
di
ng

eq
ua
lly

,m
os
tly

st
an
d-

in
g,

ac
tiv

e.
H
R
s

pr
es
en
te
d
he
re

as
m
os
tly

st
an
di
ng

(r
ef
.)

vs
m
os
tly

si
tti
ng

L
on

ge
st
he
ld

jo
b:

H
R
=

1.
04

(0
.8
7,

1.
25

)
C
ur
re
nt

jo
b

(a
t
ba
se
lin

e)
:

H
R
=

1.
08

(0
.9
0,

1.
28

)

R
ac
e/
et
hn

ic
ity

,e
du

ca
-

tio
n,

in
co
m
e,
pa
ri
ty
,

m
en
op

au
sa
l
st
at
us
,

ag
e
at
m
en
op

au
se
,

B
M
I,
re
cr
ea
tio

na
l

ph
ys
ic
al
ac
tiv

ity
,t
ot
al

nu
m
be
r
of

w
or
k
ye
ar
s,

w
or
k
at
ni
gh

t.
(a
ge

un
de
rl
yi
ng

tim
e

m
et
ri
c)

R
os
en
be
rg

et
al
.,
20

14
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
44

,7
08

A
fr
ic
an

A
m
er
i-

ca
n
w
om

en
,a
ge
d
30

or
ol
de
r
at
en
ro
lm

en
t
in

th
e
bl
ac
k
W
om

en
’s

H
ea
lth

S
tu
dy

.M
ea
n

fo
llo

w
-u
p
16

ye
ar
s

13
64

in
va
si
ve

br
ea
st

ca
nc
er
s
id
en
tifi

ed
by

se
lf
-r
ep
or
t
fo
llo

w
ed

by
co
nfi

rm
at
io
n
vi
a
ho

sp
i-

ta
l
or

ca
nc
er

re
gi
st
ry

P
re
de
fi
ne
d
ca
te
go

ri
es

fo
r
tim

e
sp
en
t
si
tti
ng

w
at
ch
in
g
T
V
(<

1
[r
ef
.]
,1

–2
,3

–4
,≥

5
h/

da
y)

or
si
tti
ng

at
w
or
k

(<
1
[r
ef
.]
,1

–2
,3

–4
,

≥
5
h/
da
y)

A
ll
w
om

en
T
V
:
R
R
=

1.
13

(0
.9
1,

1.
40

).
O
cc
up

at
io
na
l
si
tti
ng

:
R
R
=

1.
05

(0
.9
0,

1.
22

)
E
R
+

T
V
:
R
R
=

0.
94

(0
.6
9,

1.
28

).
O
cc
up

at
io
n:

R
R
=

0.
92

(0
.7
4,

1.
13

)
E
R
-

st
at
us
 (
w
om

en
),
 p
os
t-

m
en
op

au
sa
l 
ho

rm
on

e 
us
e 
(w

om
en
),
 m

am
-

m
og

ra
m
 s
cr
ee
ni
ng

, 
B
M
I 

A
ge
, q

ue
st
io
nn

ai
re
 

cy
cl
e,
 B
M
I,
 e
du

ca
tio

n,
 

pa
ri
ty
, f
ru
it/
ve
ge
ta
bl
e 

in
ta
ke
, m

ea
t/f
ri
ed
 

fo
od

s 
in
ta
ke
, v

ig
or
ou

s 
P
A
, m

ut
ua
l 
ad
ju
st
-

m
en
t f
or
 

T
V
/o
cc
up

at
io
na
l 

si
tti
ng

264 C. T. V. Swain et al.



T
V
:
R
R
=
=

1.
39

=
(0
.9
4,

2.
07

).
O
cc
up

at
io
n:

R
R
=

1.
19

(0
.9
0,

1.
57

)

(c
on

tin
ue
d)

C
at
sb
ur
g 

et
 a
l.,
 2
01

4.
 

C
an
ad
a 

C
as
e-
co
ho

rt
 

10
97

 c
as
es
, 3

32
0 
co
n-

tr
ol
s 
fr
om

 C
an
ad
ia
n 

C
oh

or
t S

tu
dy

 o
f 
D
ie
t, 

L
if
es
ty
le
, a
nd

 H
ea
lth

 

In
ci
de
nt
 c
as
es
 o
f 
br
ea
st
 

ca
nc
er
 a
sc
er
ta
in
ed
 v
ia
 

re
co
rd
 l
in
ka
ge
 to

 th
e 

C
an
ad
ia
n 
C
an
ce
r 
R
eg
-

is
tr
y 
an
d 
th
e 
O
nt
ar
io
 

C
an
ce
r 
R
eg
is
tr
y 

T
ot
al
 s
itt
in
g 
tim

e 
(t
im

e 
sp
en
t d

ri
vi
ng

/s
itt
in
g 

aw
ay
 f
ro
m
 h
om

e,
 s
it-

tin
g 
w
at
ch
in
g 
T
V
, 

ot
he
r 
si
tti
ng

 a
t h

om
e)
 

ca
te
go

ri
se
d 
as
 <

12
.5
 

(r
ef
.)
, 1

2.
5–

24
, 2

4–
39

, 
39
–5

4,
 >

54
 h
/w
ee
k.
 

T
V
 ti
m
e 
ca
te
go

ri
se
d 
as
 

≤
1 
(r
ef
.)
, 2

–5
, 6

–1
0,
 

11
–2

0,
 ≥
21

 h
/w
ee
k 

A
ll 
w
om

en
 

T
ot
al
 s
itt
in
g:
 

H
R
 =

 0
.9
8 
(0
.7
6,
 

1.
25

) 
T
V
: 
H
R
 =

 1
.1
7 

(0
.8
6,
 1
.5
9)
 

P
re
m
en
op

au
sa
l 

w
om

en
 

T
ot
al
 s
itt
in
g:
 

H
R
 =

 0
.9
9 
(0
.6
8,
 

1.
43

) 
T
V
: 
H
R
 =

 1
.0
8 

(0
.6
5,
 1
.7
9)
 

P
os
tm

en
op

au
sa
l 

w
om

en
 

T
ot
al
 s
itt
in
g:
 

H
R
 =

 0
.9
8 
(0
.6
9,
 

1.
39

) 
T
V
: 
H
R
 =

 1
.2
0 

(0
.8
1,
 1
.8
0)
 

A
ge
 a
t 
m
en
ar
ch
e,
 u
se
 

of
 o
ra
l c
on

tr
ac
ep
tiv

es
, 

us
e 
of
 h
or
m
on

e 
th
er
-

ap
y,
 n
um

be
r 
of
 li
ve
 

bi
rt
hs
, a
ge
 a
t fi

rs
t 
liv

e 
bi
rt
h,
 f
am

ily
 h
is
to
ry
 o
f 

br
ea
st
 c
an
ce
r,
 m

en
o-

pa
us
al
 s
ta
tu
s 
at
 b
as
e-

lin
e,
 a
lc
oh

ol
 i
nt
ak
e,
 

B
M
I 

C
oh

en
 

et
 a
l.,
 2
01

3.
 

U
ni
te
d 
S
ta
te
s 

N
es
te
d 

ca
se
-c
on

tr
ol
 

st
ud

y 

54
6 
ca
se
s 
an
d 
21

84
 

m
at
ch
ed
 c
on

tr
ol
s 
fr
om

 
th
e 
S
ou

th
er
n 
C
om

m
u-

ni
ty
 C
oh

or
t 
S
tu
dy

, 
ag
ed
 4
0–
79

 a
t 

en
ro
lm

en
t 

A
ll 
ca
se
s 
of
 in

va
si
ve
 

br
ea
st
 c
an
ce
r 
di
ag
-

no
se
d 
af
te
r 
da
te
 o
f 

st
ud

y 
en
ro
lm

en
t 
vi
a 

lin
ka
ge
 t
o 
st
at
e 
ca
nc
er
 

re
gi
st
ri
es
 

T
ot
al
 s
itt
in
g 
tim

e 
(s
it-

tin
g 
in
 a
 c
ar
 o
r 
bu

s,
 a
t 

w
or
k,
 w
at
ch
in
g 

T
V
/m

ov
ie
s,
 u
si
ng

 a
 

co
m
pu

te
r,
 o
th
er
 r
ea
-

so
ns
).
 Q

ua
rt
ile
s 

ac
co
rd
in
g 
to
 c
on

tr
ol

A
ll 
w
om

en
 

T
op

 v
s 
bo

tto
m
 q
ua
r-

til
e 
of
 s
itt
in
g 

O
R
 =

 1
.4
1 
(1
.0
1,
 

1.
95

) 
B
la
ck
 w
om

en
 

O
R
 =

 1
.2
3 
(0
.8
2,

A
ge
, r
ac
e,
 m

en
op

au
sa
l 

st
at
us
, e
nr
ol
m
en
t 

so
ur
ce
, e
du

ca
tio

n,
 

ho
us
eh
ol
d 
in
co
m
e,
 

B
M
I 
at
 a
ge
 

21
, s
m
ok

in
g,
 e
ve
r 
us
e 

H
R
T
, p

ar
ity

, a
ge
 a
t

9 Sedentary Behaviour and Cancer 265



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

L
yn

ch
et
al
.,
20

13
.

C
an
ad
a

C
as
e-
co
n-

tr
ol

st
ud

y
12

22
ca
se
s
id
en
tifi

ed
th
ro
ug

h
th
e
A
lb
er
ta

C
an
ce
r
R
eg
is
tr
y,

an
d

12
30

m
at
ch
ed

co
nt
ro
ls

fr
om

ra
nd

om
di
gi
t

di
al
lin

g.
A
ge

ra
ng

e
25

–8
5
ye
ar
s

H
is
to
lo
gi
ca
lly

co
n-

fi
rm

ed
in
ci
de
nt

pr
im

ar
y

br
ea
st
ca
nc
er

L
if
et
im

e
oc
cu
pa
tio

na
l

si
tti
ng

de
ri
ve
d
fr
om

th
e

L
if
e
T
im

e
P
hy

si
ca
l

A
ct
iv
ity

Q
ue
st
io
nn

ai
re
.

Q
ua
rt
ile
s
ac
co
rd
in
g
to

co
nt
ro
ld

is
tr
ib
ut
io
n

(0
[r
ef
.]
,0

.1
–2

.1
,

2.
1–
7.
2,

≥
7.
3
h/
w
ee
k/

ye
ar
)

P
re
m
en
op

au
sa
l

w
om

en
O
R
=

0.
85

(0
.5
8,

1.
24

)
P
os
tm

en
op

au
sa
l

w
om

en
O
R
=

0.
71

(0
.5
2,

0.
97

)

A
ge
,e
du

ca
tio

na
l

at
ta
in
m
en
t,
lif
et
im

e
P
A
,c
al
or
ic
in
ta
ke
,

ev
er
y
al
co
ho

l
co
n-

su
m
pt
io
n,

sm
ok

in
g

st
at
us
,W

H
R
,t
ot
al

nu
m
be
r
of

m
am

m
o-

gr
am

s,
fa
m
ily

hi
st
or
y,

ev
er

us
e
of

H
R
T
,

nu
m
be
r
of

ch
ild

re
n

br
ea
st
fe
ed

G
eo
rg
e

et
al
.,
20

10
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
97

,0
39

w
om

en
fr
om

th
e
N
IH

-A
A
R
P
D
ie
t

an
d
H
ea
lth

S
tu
dy

,a
ge
d

51
–7
2
at
ri
sk

fa
ct
or

as
se
ss
m
en
t

28
66

in
va
si
ve

br
ea
st

ca
nc
er
s
id
en
tifi

ed
th
ro
ug

h
lin

ka
ge

to
11

st
at
e
ca
nc
er

re
gi
st
ri
es

T
im

e
sp
en
tw

at
ch
in
g

T
V
or

vi
de
os

du
ri
ng

a
ty
pi
ca
l
24

h
pe
ri
od

in
th
e
pa
st
12

m
on

th
s
(<

3
[r
ef
.]
,3

–4
,5

–6
,7

–8
,

≥
9
h/
da
y)
;
tim

e
sp
en
t

si
tti
ng

du
ri
ng

a
ty
pi
ca
l

24
h
pe
ri
od

in
th
e
pa
st

12
m
on

th
s
(<

3
[r
ef
.]
,

3–
4,

5–
6,

7–
8,

≥
9
h/

da
y)

T
V
:
R
R
=

1.
17

(0
.9
3,

1.
47

),
p
tr
en
d
=

0.
49

3
T
ot
al
si
tti
ng

:
R
R
=

1.
12

(0
.9
5,

1.
31

),
p
tr
en
d
=

0.
10

1

A
ge
,e
ne
rg
y
in
ta
ke
,

re
cr
ea
tio

na
l
M
V
P
A
,

pa
ri
ty
/a
ge

at
fi
rs
t
liv

e
bi
rt
h,

m
en
op

au
sa
l

ho
rm

on
e
th
er
ap
y
us
e,

nu
m
be
r
of

br
ea
st

bi
op

si
es
,a
lc
oh

ol
in
ta
ke
,r
ac
e,
ed
uc
at
io
n

di
st
ri
bu

tio
n 
(<

5.
5 

[r
ef
.]
, 5

.5
–8

.1
, 

8.
2–
11

.9
, ≥

12
 h
/d
ay
)

1.
83

) 
W
hi
te
 w

om
en
 

O
R
 =

 1
.9
4 
(1
.0
1,
 

3.
70

)

m
en
op

au
se
, f
am

ily
 

hi
st
or
y,
 h
ea
lth

 
in
su
ra
nc
e

266 C. T. V. Swain et al.



M
at
he
w
 

et
 a
l.,
 2
00

9.
 

In
di
a 

C
as
e-
co
n-

tr
ol
 s
tu
dy

 
18

66
 c
as
es
 t
re
at
ed
 a
t 

on
e 
of
 f
ou

r 
ho

sp
ita
ls
 i
n 

S
ou

th
 I
nd

ia
. 1

87
3 
co
n-

tr
ol
s 
m
at
ch
ed
 b
y 
5-
ye
ar
 

ag
e 
gr
ou

p 
an
d 
pl
ac
e 
of
 

re
si
de
nc
e 
(u
rb
an
/r
ur
al
) 

H
is
to
lo
gi
ca
lly

 c
on

-
fi
rm

ed
 in
ci
de
nt
 p
ri
m
ar
y 

br
ea
st
 c
an
ce
r 

T
im

e 
sp
en
t w

at
ch
in
g 

T
V
 d
ur
in
g 
w
ee
kd

ay
s 

(<
60

 [
re
f.
],
 6
0–
11

9,
 

12
0–
17

9,
 ≥
18

0 
m
/d
ay
) 

an
d 
w
ee
ke
nd

s 
(<

60
 

[r
ef
.]
, 6
0–
17

9,
≥
18

0 
m
/ 

da
y)
. C

as
es
 a
sk
ed
 t
o 

re
po

rt
 T
V
 fr
om

 th
e 
ye
ar
 

pr
ec
ed
in
g 
di
ag
no

si
s 

P
re
m
en
op

au
sa
l 

w
om

en
 

W
ee
kd

ay
 T
V
: 

O
R
 =

 0
.9
4 
(0
.6
2,
 

1.
45

),
p
tr
en
d
=
0.
03

5 

W
ee
ke
nd

 T
V
: 

O
R
 =

 0
.9
1 
(0
.6
1,
 

1.
34

),
 p
 tr
en
d 
=
 0
.1
0 

P
os
tm

en
op

au
sa
l 

w
om

en
 

W
ee
kd

ay
 T
V
: 

O
R
 =

 0
.8
2 
(0
.5
1,
 

1.
35

),
 p
 tr
en
d 
=
 0
.3
3 

W
ee
ke
nd

 T
V
: 

O
R
 =

 1
.0
1 
(0
.6
4,
 

1.
59

),
 

p 
tr
en
d 
=
 0
.3
13

 

A
ge
, l
oc
al
ity

, r
el
ig
io
n,
 

m
ar
ita
l 
st
at
us
, e
du

ca
-

tio
n,
 s
oc
io
ec
on

om
ic
 

st
at
us
, r
es
id
en
ce
 s
ta
-

tu
s,
 B
M
I,
 w
ai
st
 a
nd

 
hi
p 
si
ze
s,
 p
ar
ity

, a
ge
 a
t 

fi
rs
t 
ch
ild

bi
rt
h,
 d
ur
a-

tio
n 
of
 b
re
as
t f
ee
di
ng

, 
ph

ys
ic
al
 a
ct
iv
ity

 

P
ep
lo
ns
ka
 

et
 a
l.,
 2
00

8.
 

P
ol
an
d 

C
as
e-
co
n-

tr
ol
 s
tu
dy

 
21

76
 c
as
es
 i
de
nt
ifi
ed
 

th
ro
ug

h 
ca
nc
er
 r
eg
is
-

tr
ie
s.
 2
32

6 
co
nt
ro
ls
 

re
cr
ui
te
d 
vi
a 
P
ol
is
h 

E
le
ct
ro
ni
c 
S
ys
te
m
 o
f 

P
op

ul
at
io
n 
E
vi
de
nc
e 

an
d 
m
at
ch
ed
 b
y 
ci
ty
 o
f 

re
si
de
nc
e 
an
d 
5-
ye
ar
 

ag
e 
gr
ou

p 

C
yt
ol
og

ic
al
ly
 o
r 
hi
st
o-

lo
gi
ca
lly

 c
on

fi
rm

ed
 in

 
si
tu
 o
r 
in
va
si
ve
 b
re
as
t 

ca
nc
er
 

S
el
f-
re
po

rt
ed
 t
im

e 
sp
en
t s
itt
in
g 
at
 w

or
k,
 

qu
ar
til
es
 c
re
at
ed
 

ac
co
rd
in
g 
to
 c
on

tr
ol
 

di
st
ri
bu

tio
n 
(<

11
.3
 

[r
ef
,]
, 1

1.
3–

29
.7
, 

>
29

.7
–4

7.
8,
 >

47
.8
 

M
E
T
 h
/w
ee
k 
ac
ro
ss
 

lif
et
im

e)
 

O
R
 =

 1
.0
9 

(0
.9
0–
1.
31

) 
A
ge
, s
tu
dy

 s
ite
, e
du

-
ca
tio

n,
 B
M
I,
 a
ge
 a
t 

m
en
ar
ch
e,
 m

en
o-

pa
us
al
 s
ta
tu
s,
 a
ge
 a
t 

m
en
op

au
se
 

(i
n 
po

st
m
en
op

au
sa
l 

w
om

en
),
 n
um

be
r 
of
 

fu
ll-
te
rm

 b
ir
th
s,
 a
ge
 a
t 

fi
rs
t 
fu
ll-
te
rm

 b
ir
th
, 

br
ea
st
fe
ed
in
g,
 f
am

ily
 

hi
st
or
y 
of
 b
re
as
t 
ca
n-

ce
r,
 a
nd

 p
re
vi
ou

s 
sc
re
en
in
g 
m
am

m
og

ra
-

ph
y,
 li
fe
tim

e (c
on

tin
ue
d)

9 Sedentary Behaviour and Cancer 267



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

L
ah
m
an
n

et
al
.,
20

07
.

N
in
e

E
ur
op

ea
n

co
un

tr
ie
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
21

8,
16

9
w
om

en
fr
om

E
P
IC
,a
ge
d

20
–8
0
ye
ar
s
at
ba
se
-

lin
e.
M
ea
n
fo
llo

w
-u
p

6.
4
ye
ar
s

34
23

in
ci
de
nt

in
va
si
ve

br
ea
st
ca
nc
er
s
id
en
ti-

fi
ed

th
ro
ug

h
ca
nc
er

re
gi
st
ri
es

or
by

ac
tiv

e
fo
llo

w
-u
p

P
re
de
fi
ne
d
ca
te
go

ri
es

fo
r
cu
rr
en
t
oc
cu
pa
-

tio
na
l
ac
tiv

ity
(s
ed
en
-

ta
ry
,s
ta
nd

in
g,

m
an
ua
l/

he
av
y
m
an
ua
l)
.H

R
s

pr
es
en
te
d
he
re

as
st
an
di
ng

(r
ef
.)
vs

si
tti
ng

P
re
m
en
op

au
sa
l

w
om

en
H
R
=

0.
98

(0
.8
2,

1.
16

)
P
os
tm

en
op

au
sa
l

w
om

en
H
R
=

1.
08

(0
.9
5,

1.
23

)

A
ge
,s
tu
dy

C
en
tr
e,

ed
uc
at
io
n,

sm
ok

in
g,

al
co
ho

l
co
ns
um

pt
io
n,

B
M
I,
ag
e
at
m
en
ar
ch
e,

ag
e
at
fi
rs
t
pr
eg
na
nc
y,

cu
rr
en
t
O
C
pi
ll
us
e

(p
re
m
en
op

au
sa
l)
,c
ur
-

re
nt

H
R
T
us
e

(p
os
tm

en
op

au
sa
l)

L
ev
i

et
al
.,
19

99
.

S
w
itz
er
la
nd

C
as
e-
co
n-

tr
ol

st
ud

y
24

6
ca
se
s
tr
ea
te
d
at
a

S
w
is
s
ho

sp
ita
l,
an
d

37
4
co
nt
ro
ls
ad
m
itt
ed

to
th
e
sa
m
e
ho

sp
ita
lf
or

ac
ut
e
co
nd

iti
on

s

H
is
to
lo
gi
ca
lly

co
n-

fi
rm

ed
,i
nc
id
en
t
br
ea
st

ca
nc
er

P
re
de
fi
ne
d
ca
te
go

ri
es

fo
r
oc
cu
pa
tio

na
l
ac
tiv

-
ity

(m
ai
nl
y
si
tti
ng

,
st
an
di
ng

,v
er
y
tir
in
g/

tir
in
g)

fo
r
jo
bs

he
ld

at
va
ri
ou

s
lif
e-
st
ag
es
.

H
R
s
pr
es
en
te
d
he
re

as
st
an
di
ng

(r
ef
.)
vs

si
tti
ng

15
–1

9
ye
ar
s:

O
R
=

1.
67

(1
.1
0,

2.
50

)
30
–3

9
ye
ar
s:

O
R
=

2.
22

(1
.1
4,

4.
26

)
50
–5

9
ye
ar
s:

O
R
=

1.
85

(0
.9
8,

3.
45

)

A
ge
,e
du

ca
tio

n,
ag
e
at

m
en
ar
ch
e,
ag
e
at
fi
rs
t

bi
rt
h,

pa
ri
ty
,m

en
o-

pa
us
al
st
at
us
,a
ge

at
m
en
op

au
se
,c
al
or
ie

in
ta
ke
,p

re
vi
ou

s
be
ni
gn

br
ea
st
di
se
as
e,

fa
m
ily

hi
st
or
y
of

br
ea
st
ca
nc
er

C
ol
or
ec
ta
l/c
ol
on

/r
ec
ta
l
ca
nc
er

H
un

te
r

et
al
.,
20

20
.

U
ni
te
d

K
in
gd

om

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
47

0,
57

8
ad
ul
ts
ag
ed

be
tw
ee
n
40

–6
9
ye
ar
s

fr
om

th
e
U
K
B
io
ba
nk

st
ud

y

33
58

co
lo
re
ct
al
ca
nc
er

ca
se
s
id
en
tifi

ed
vi
a

ca
nc
er

re
gi
st
ry

lin
ka
ge

T
V
tim

e
ca
te
go

ri
se
d
as

≤
1,

1–
≤
3
(r
ef
.)
,3

–≤
5,

>
5
h/
da
y

C
ol
or
ec
ta
l
ca
nc
er

H
R
=

1.
05

(0
.9
0,

1.
22

)
C
ol
on

ca
nc
er

H
R
=

1.
19

(1
.0
0,

re
cr
ea
tio

na
l, 
ho

us
e-

ho
ld
 a
ct
iv
ity

 p
hy

si
ca
l 

ac
tiv

ity
 

A
ge
, s
ex
, e
th
ni
ci
ty
, 

de
pr
iv
at
io
n 
in
de
x,
 

ed
uc
at
io
n,
 f
ru
it 
an
d 

ve
ge
ta
bl
e,
 B
M
I,

268 C. T. V. Swain et al.



1.
42

)
R
ec
ta
lc
an
ce
r

H
R
=

0.
84

(0
.6
3,

1.
11

)

Ih
ir
a

et
al
.,
20

20
.

Ja
pa
n

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
13

,2
77

w
om

en
an
d

20
,0
30

m
en

in
Ja
pa
n

P
ub

lic
H
ea
lth

C
en
te
r-

ba
se
d
P
ro
sp
ec
tiv

e
S
tu
dy

,a
ge
d
50

–7
9
at

en
ro
lm

en
t.
M
ea
n

fo
llo

w
-u
p
10

.2
ye
ar
s

21
2
w
om

en
an
d

55
5
m
en

di
ag
no

se
d

w
ith

co
lo
re
ct
al
ca
nc
er
;

id
en
tifi

ed
vi
a

po
pu

la
tio

n-
ba
se
d
ca
n-

ce
r
re
gi
st
ri
es

or
lo
ca
l

m
aj
or

ho
sp
ita
l
re
co
rd
s

O
cc
up

at
io
na
ls
itt
in
g

tim
e,
ca
te
go

ri
se
d
as

<
1,

1
to

<
3
(r
ef
.)
,3

to
<
5,

5
to

<
7,

≥
7
h/
da
y

W
om

en
R
R
=

0.
94

(0
.5
8,

1.
53

)
M
en

R
R
=

1.
17

(0
.9
1,

1.
52

)

A
ge
,a
re
a,
hi
st
or
y
of

di
ab
et
es
,s
m
ok

in
g
st
a-

tu
s,
al
co
ho

li
nt
ak
e,

B
M
I,
co
ff
ee
,w

al
ki
ng

tim
e
at
w
or
k,

st
re
nu

-
ou

s
tim

e
at
w
or
k)
,

m
od

er
at
e-
to
-v
ig
or
ou

s
ph

ys
ic
al
ac
tiv

ity
tim

e
in

le
is
ur
e
tim

e,
ty
pe

of
jo
b
an
d
to
ta
l
w
or
ki
ng

ho
ur
s

P
ar
k

et
al
.,
20

19
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
93

,4
69

w
om

en
an
d

79
,0
33

m
en

in
th
e
M
ul
tie
th
ni
c

C
oh

or
tS

tu
dy

,a
ge
d

45
–7
5
ye
ar
s
at
en
ro
l-

m
en
t.
M
ed
ia
n
fo
llo

w
-

up
16

.8
ye
ar
s

20
89

w
om

en
an
d
23

41
m
en

di
ag
no

se
d
w
ith

co
lo
re
ct
al
ca
nc
er
,i
de
n-

tifi
ed

vi
a
lin

ka
ge

to
th
e

tu
m
ou

r
re
gi
st
ri
es

T
ot
al
si
tti
ng

tim
e
(s
um

of
si
tti
ng

:
In

ca
r/
bu

s,
at

w
or
k,

w
at
ch
in
g
T
V
,a
t

m
ea
ls
,a
nd

ot
he
r
si
t-

tin
g)
,c
at
eg
or
is
ed

as
<
5

(r
ef
.)
,5

–6
.9
,7

–8
.9
,

9–
10

.9
or

≥
11

h/
da
y

W
om

en
R
R
=

0.
92

(0
.8
0,

1.
07

)
M
en

R
R
=

0.
96

(0
.8
4,

1.
10

).

A
ge
,e
th
ni
ci
ty
,f
am

ily
hi
st
or
y
of

co
lo
re
ct
al

ca
nc
er
,h

is
to
ry

of
co
lo
re
ct
al
po

ly
p,
B
M
I,

pa
ck
-y
ea
rs
of

ci
ga
re
tte

sm
ok

in
g,
m
ul
tiv

ita
m
in

us
e,
N
S
A
ID

us
e,
M
H
T

us
e
fo
r
w
om

en
on

ly
,

an
d
in
ta
ke

of
al
co
ho

l,
to
ta
l
en
er
gy

,r
ed

m
ea
t,

di
et
ar
y
fi
br
e,
ca
lc
iu
m
,

fo
la
te
an
d
vi
ta
m
in

D

Q
ua
ng

et
al
.,
20

19
.

V
ie
tn
am

C
as
e
co
n-

tr
ol

st
ud

y
13

6
ca
se
s
an
d
15

4
co
n-

tr
ol
s
fr
om

H
an
oi
,V

ie
t-

na
m
.C

as
es

w
er
e

pa
tie
nt
s
at
th
e
B
ac
h

M
ai
H
os
pi
ta
l

H
is
to
lo
gi
ca
lly

co
n-

fi
rm

ed
,i
nc
id
en
t
co
lo
-

re
ct
al
ca
nc
er

S
itt
in
g
tim

e
ca
te
go

ri
se
d

as
<
1.
5
(r
ef
.)
,1

.5
–3
,

>
3
h/
da
y

O
R
=

1.
57

(0
.8
4,

2.
92

)
A
ge
,s
ex
,m

ar
ita
l
st
a-

tu
s,
oc
cu
pa
tio

n,
ed
u-

ca
tio

n,
fa
m
ily

hi
st
or
y

of
co
lo
n
di
se
as
es
,

in
co
m
e,
sm

ok
in
g,

(c
on

tin
ue
d)

he
ig
ht
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke

9 Sedentary Behaviour and Cancer 269



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

al
co
ho

l
co
ns
um

pt
io
n,

co
ff
ee

co
ns
um

pt
io
n

G
or
cz
yc
a

et
al
.,
20

18
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
74

,8
70

po
st
m
en
o-

pa
us
al
w
om

en
fr
om

th
e

W
om

en
’s
H
ea
lth

In
i-

tia
tiv

e
O
bs
er
va
tio

n
S
tu
dy

,a
ge
d
be
tw
ee
n

50
an
d
79

at
ba
se
lin

e

11
45

in
ci
de
nt

ca
se
s
of

co
lo
re
ct
al
ca
nc
er

de
te
r-

m
in
ed

vi
a
ho

sp
ita
l

re
co
rd
s

S
itt
in
g
tim

e
ca
te
go

ri
se
d

as
<
5
(r
ef
.)
,6

–1
0,

>
10

h/
da
y

C
ol
or
ec
ta
l
ca
nc
er

H
R
=

1.
15

(0
.9
5,

1.
40

)
C
ol
on

ca
nc
er

H
R
=

1.
17

(0
.9
5,

1.
45

)
R
ec
ta
lc
an
ce
r

H
R
=

0.
97

(0
.6
1,

1.
53

)

A
ge
,r
ac
e,
ed
uc
at
io
n,

in
co
m
e,
m
ar
ita
l
st
at
us
,

ci
ga
re
tte

sm
ok

in
g,

fa
m
ily

hi
st
or
y
of

C
R
C
,

hi
st
or
y
of

C
R
C

sc
re
en
in
g,

al
co
ho

l
co
ns
um

pt
io
n,

ho
r-

m
on

e
re
pl
ac
em

en
t

th
er
ap
y,

to
ta
l
en
er
gy

in
ta
ke
,fi

br
e
in
ta
ke
,

vi
ta
m
in

D
in
ta
ke
,r
ed

m
ea
t
in
ta
ke
,a
sp
ir
in

us
e,
m
ul
tiv

ita
m
in

us
e

an
d
ph

ys
ic
al
ac
tiv

ity

N
un

ez
et
al
.,
20

18
.

A
us
tr
al
ia

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
22

6,
58

4
pa
rt
ic
ip
an
ts
in

th
e
45

an
d
up

st
ud

y,
ag
ed

45
ye
ar
s
an
d
ov

er
at
en
ro
lm

en
t

84
6
in
ci
de
nt

ca
se
s
of

co
lo
n
ca
nc
er

an
d

36
9
in
ci
de
nt

ca
se
s
of

re
ct
al
ca
nc
er
;
id
en
tifi

ed
vi
a
lin

ka
ge

w
ith

th
e

N
ew

S
ou

th
W
al
es

C
an
ce
r
R
eg
is
tr
y

T
ot
al
si
tti
ng

tim
e,

ca
te
go

ri
se
d
as

<
3

(r
ef
.)
,3

–<
5,

5–
<
8
or

≥
8
h/
da
y

C
ol
on

ca
nc
er

H
R
=

0.
92

(0
.6
7,

1.
28

)
re
ct
al
ca
nc
er

H
R
=

0.
90

(0
.6
1,

1.
32

)

B
ir
th

co
ho

rt
,s
ex
,e
du

-
ca
tio

n,
B
M
I,
si
tti
ng

tim
e,
tim

e
sp
en
to

n
m
od

er
at
e
an
d
vi
go

ro
us

ac
tiv

ity
,s
m
ok

in
g,

al
co
ho

l,
co
un

tr
y
of

bi
rt
h,

gu
id
el
in
es

of
fr
ui
t
an
d
ve
ge
ta
bl
es
,

w
ee
kl
y
in
ta
ke

of
pr
oc
es
se
d
fo
od

,r
ed

m
ea
ta
nd

fi
br
e,
as
pi
ri
n,

pa
re
nt
al
hi
st
or
y
of

270 C. T. V. Swain et al.



co
lo
re
ct
al
ca
nc
er

an
d

hi
st
or
y
of

co
lo
re
ct
al

te
st
in
g

R
an
gu

l
et
al
.,
20

18
.

N
or
w
ay

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
19

,0
39

w
om

en
an
d

18
,7
77

1
m
en

in
th
e

N
or
d-
T
rø
nd

el
ag

H
ea
lth

S
tu
dy

,a
ge
d
≥
20

ye
ar
s

at
en
ro
lm

en
t.
M
ed
ia
n

fo
llo

w
-u
p
16

ye
ar
s

25
5
w
om

en
an
d

38
8
m
en

di
ag
no

se
d

w
ith

co
lo
re
ct
al
ca
nc
er
,

id
en
tifi

ed
vi
a
lin

ka
ge

to
th
e
C
an
ce
r
R
eg
is
tr
y
of

N
or
w
ay

T
ot
al
si
tti
ng

tim
e
(s
in
-

gl
e
qu

es
tio

n,
pa
rt
ic
i-

pa
nt
s
pr
om

pt
ed

to
in
cl
ud

e
si
tti
ng

at
w
or
k,

m
ea
lti
m
es
,w

at
ch
in
g

T
V
,s
itt
in
g
in

a
ca
r,

et
c)
,c
at
eg
or
is
ed

as
<
8

(r
ef
.)
or

≥
8
h/
da
y

W
om

en
R
R
=

1.
02

(0
.7
5,

1.
39

)
M
en

R
R
=

1.
14

(0
.9
1,

1.
43

)

A
ge
,e
du

ca
tio

n,
sm

ok
in
g,

al
co
ho

l,
B
M
I

E
ag
le
ho

us
e

et
al
.,
20

17
.

S
in
ga
po

re

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
63

,2
57

pa
rt
ic
ip
an
ts
in

th
e
S
in
ga
po

re
C
hi
ne
se

he
al
th

st
ud

y,
ag
ed

45
–7
4
ye
ar
s
at
en
ro
l-

m
en
t.
M
ed
ia
n
fo
llo

w
-

up
16

.8
ye
ar
s.

19
94

pa
rt
ic
ip
an
ts
di
ag
-

no
se
d
w
ith

co
lo
re
ct
al

ca
nc
er
,i
de
nt
ifi
ed

vi
a

lin
ka
ge

to
th
e
S
in
ga
-

po
re

C
an
ce
r
R
eg
is
tr
y

T
im

e
sp
en
ts
itt
in
g

w
at
ch
in
g
T
V
,

ca
te
go

ri
se
d
as

≤
2
(r
ef
.)

or
≥
3
h/
da
y.

R
R
=

1.
04

(0
.9
5,

1.
14

).
A
ge
,d

ia
le
ct
gr
ou

p,
in
te
rv
ie
w

ye
ar
,e
du

ca
-

tio
n
le
ve
l,
B
M
I,
se
x,

ci
ga
re
tte

sm
ok

in
g,

al
co
ho

l
us
e,
sl
ee
p,

di
et
ar
y
fi
be
r,
fa
m
ily

hi
st
or
y
of

co
lo
re
ct
al

ca
nc
er
,a
nd

di
ab
et
es

K
eu
m

et
al
.,
20

16
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
69

,7
15

w
om

en
in

th
e

N
ur
se
s
H
ea
lth

S
tu
dy

an
d
36

,8
06

m
en

in
th
e

H
ea
lth

P
ro
fe
ss
io
na
ls

F
ol
lo
w
-U

p
S
tu
dy

11
19

w
om

en
an
d

91
3
m
en

di
ag
no

se
d

w
ith

co
lo
re
ct
al
ca
nc
er
,

id
en
tifi

ed
vi
a
se
lf
-

re
po

rt
w
ith

su
bs
eq
ue
nt

ve
ri
fi
ca
tio

n
by

m
ed
ic
al

re
co
rd

T
im

e
sp
en
ts
itt
in
g

w
at
ch
in
g
T
V
,

ca
te
go

ri
se
d
as

<
7

(r
ef
.)
,7

–1
3.
9,

14
–2

0.
9,

or
≥
21

h/
w
ee
k

W
om

en
R
R
=

1.
21

(1
.0
2,

1.
43

)
M
en

R
R
=

1.
06

(0
.8
4,

1.
34

)

A
ge
,q

ue
st
io
nn

ai
re

cy
cl
e,
ra
ce
,p

hy
si
ca
l

ac
tiv

ity
,f
am

ily
hi
st
or
y

of
co
lo
n
ca
nc
er
,p

er
-

so
na
l
hi
st
or
y
of

en
do

sc
op

y
an
d
po

ly
ps
,

sm
ok

in
g
ha
bi
ts
,b

as
e-

lin
e
as
pi
ri
n
us
e,
cu
r-

re
nt

m
ul
tiv

ita
m
in

us
e,

in
ta
ke
s
of

to
ta
lc
al
or
ie
,

al
co
ho

l,
re
d
an
d

pr
oc
es
se
d
m
ea
t,
fi
br
e,

to
ta
lf
ol
at
e
at
ba
se
lin

e,

(c
on

tin
ue
d)

9 Sedentary Behaviour and Cancer 271



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

to
ta
l
ca
lc
iu
m

at
ba
se
-

lin
e,
to
ta
lv

ita
m
in

D
,

an
d
m
en
op

au
sa
ls
ta
tu
s

an
d
ho

rm
on

e
us
e

(w
om

en
on

ly
)

P
at
el

et
al
.,
20

15
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
14

6,
72

2
pa
rt
ic
ip
an
ts
of

th
e
A
C
S
C
P
S
II
N
ut
ri
-

tio
n
C
oh

or
t,
ag
ed

50
–7
4
at
en
ro
lm

en
t.

M
ea
n
fo
llo

w
-u
p

15
.8

ye
ar
s

11
99

w
om

en
an
d
14

47
m
en

di
ag
no

se
d
w
ith

C
R
C
;
id
en
tifi

ed
vi
a

se
lf
-r
ep
or
t
w
ith

su
bs
e-

qu
en
t
ve
ri
fi
ca
tio

n
by

m
ed
ic
al
re
co
rd

or
lin

k-
ag
e
w
ith

st
at
e
ca
nc
er

re
gi
st
ri
es

L
ei
su
re
-t
im

e
si
tti
ng

(T
V
,r
ea
di
ng

,e
tc
)

ca
te
go

ri
se
d
as

0–
<
3

(r
ef
.)
,3

–5
,o

r
≥
6
h/
da
y

W
om

en
R
R
=

0.
95

(0
.7
9,

1.
14

)
M
en

R
R
=

1.
01

(0
.8
7,

1.
18

)

A
ge
,p

hy
si
ca
l
ac
tiv

ity
(e
xe
rc
is
e,
da
ily

-l
if
e,

ho
us
ek
ee
pi
ng

),
ra
ce
,

sm
ok

in
g
st
at
us
,d

ur
a-

tio
n
an
d
fr
eq
ue
nc
y
of

sm
ok

in
g
am

on
g
cu
r-

re
nt

sm
ok

er
s,
ye
ar
s

si
nc
e
qu

itt
in
g
am

on
g

fo
rm

er
sm

ok
er
s,
ed
u-

ca
tio

n,
al
co
ho

l
in
ta
ke
,

to
ta
l
en
er
gy

in
ta
ke
,

re
d/
pr
oc
es
se
d
m
ea
t

in
ta
ke
,f
am

ily
hi
st
or
y

of
ca
nc
er
,p

re
va
le
nt

ch
ro
ni
c
di
se
as
e,
di
a-

be
te
s,
m
en
op

au
sa
l
st
a-

tu
s
(w

om
en
),

po
st
m
en
op

au
sa
l
ho

r-
m
on

e
us
e
(w

om
en
),

en
do

sc
op

y
sc
re
en
in
g,

B
M
I

272 C. T. V. Swain et al.



(c
on

tin
ue
d)

H
ow

ar
d 

et
 a
l.,
 2
00

8.
 

U
ni
te
d 
S
ta
te
s 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
30

0,
67

3 
pa
rt
ic
ip
an
ts
 

fr
om

 t
he
 N

IH
-A

A
R
P
 

D
ie
t 
an
d 
H
ea
lth

 S
tu
dy

, 
ag
ed
 5
1–
72

 y
ea
rs
 a
t 

qu
es
tio

nn
ai
re
 

ad
m
in
is
tr
at
io
n 

47
22

 i
nc
id
en
t 
co
lo
re
c-

ta
l 
ca
nc
er
s 
id
en
tifi

ed
 

th
ro
ug

h 
lin

ka
ge
 t
o 

11
 s
ta
te
 c
an
ce
r 

re
gi
st
ri
es
 

P
re
de
fi
ne
d 
ca
te
go

ri
es
 

fo
r 
si
tti
ng

 d
ur
in
g 
a 
ty
p-

ic
al
 2
4 
h 
pe
ri
od

 i
n 
pa
st
 

12
 m

on
th
s 
(<

3 
[r
ef
.]
, 

3–
4,
 5
–6
, 7

–8
, ≥

9
h/

 
da
y)
 

W
om

en
 

R
R
 =

 1
.2
4 
(0
.9
0,
 

1.
70

),
p
tr
en
d
=
0.
36

1 

M
en
 

R
R
 =

 1
.2
4 
(0
.9
8,
 

1.
57

),
 

p 
tr
en
d 
=
 0
.0
50

. 

A
ge
, s
m
ok

in
g,
 a
lc
oh

ol
 

co
ns
um

pt
io
n,
 e
du

ca
-

tio
n,
 r
ac
e,
 f
am

ily
 h
is
-

to
ry
 o
f 
co
lo
n 
ca
nc
er
, 

to
ta
l 
en
er
gy

 i
nt
ak
e,
 

en
er
gy

-a
dj
us
te
d 

in
ta
ke
s 
of
 r
ed
 m

ea
t, 

ca
lc
iu
m
, w

ho
le
 g
ra
in
s,
 

fr
ui
ts
 a
nd

 v
eg
et
ab
le
s,
 

m
en
op

au
sa
l 
ho

rm
on

e 
th
er
ap
y 
(w

om
en
),
 

ph
ys
ic
al
 a
ct
iv
ity

 

Jo
hn

se
n 

et
 a
l.,
 2
00

6.
 

D
en
m
ar
k 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
54

,4
78

 p
ar
tic
ip
an
ts
 

fr
om

 t
he
 D

an
is
h 
D
ie
t, 

C
an
ce
r 
an
d 
H
ea
lth

 
co
ho

rt
, a
ge
d 
50

–6
4 
at
 

ba
se
lin

e 

29
7 
co
lo
n 
ca
nc
er
 c
as
es
 

id
en
tifi

ed
 th

ro
ug

h 
th
e 

D
an
is
h 
C
an
ce
r 

R
eg
is
tr
y 

P
re
de
fi
ne
d 
ca
te
go

ri
es
 

of
 o
cc
up

at
io
na
l a
ct
iv
ity

 
(s
itt
in
g,
 s
ta
nd

in
g,
 m

an
-

ua
l, 
no

t 
w
or
ki
ng

).
 H

R
s 

pr
es
en
te
d 
he
re
 a
s 

st
an
di
ng

 (r
ef
.)
 v
s 
si
tti
ng

 

W
om

en
 

IR
R
 =

 0
.8
7 
(0
.5
2,
 

1.
47

) 
M
en
 

IR
R
 =

 0
.9
0 
(0
.5
6,
 

1.
45

) 

L
ei
su
re
 t
im

e 
ph

ys
ic
al
 

ac
tiv

ity
, B

M
I,
 e
du

ca
-

tio
n,
 N
S
A
ID

, p
re
se
nt
 

us
e 
of
 H

R
T
, s
m
ok

in
g 

an
d 
in
ta
ke
 o
f 
to
ta
l 

en
er
gy

, f
at
, d

ie
ta
ry
 

fi
br
e,
 re
d 
m
ea
t, 
al
co
ho

l 

F
ri
ed
en
re
ic
h 

et
 a
l.,
 2
00

6.
 

N
in
e 

E
ur
op

ea
n 

co
un

tr
ie
s 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
41

3,
04

4 
E
P
IC
 p
ar
tic
i-

pa
nt
s,
 m

ai
nl
y 
ag
ed
 

35
–7
0 
ye
ar
s 
at
 b
as
e-

lin
e.
 M

ea
n 
fo
llo

w
-u
p 

6.
4 
ye
ar
s 

10
94

 i
nc
id
en
t 
co
lo
n 

ca
nc
er
s 
an
d 
59

9 
re
ct
al
 

ca
nc
er
s 
id
en
tifi

ed
 

th
ro
ug

h 
ca
nc
er
 r
eg
is
-

tr
ie
s 
or
 b
y 
ac
tiv

e 
fo
l-

lo
w
-u
p 

P
re
de
fi
ne
d 
ca
te
go

ri
es
 

fo
r 
cu
rr
en
t 
oc
cu
pa
-

tio
na
l 
ac
tiv

ity
 (
fr
om

 
se
de
nt
ar
y,
 s
ta
nd

in
g,
 

m
an
ua
l/h

ea
vy

 m
an
ua
l, 

no
t w

or
ki
ng

).
 H

R
s 

pr
es
en
te
d 
he
re
 a
s 

st
an
di
ng

 (r
ef
.)
 v
s 
si
tti
ng

 

A
ll 
pa
rt
ic
ip
an
ts
, 

co
lo
n 

H
R
 =

 1
.0
2 
(0
.8
4,
 

1.
23

) 
A
ll 
pa
rt
ic
ip
an
ts
, r
ec
-

ta
l 

H
R
 =

 0
.9
0 
(0
.7
0,
 

1.
18

) 

A
ge
, s
tu
dy

 C
en
tr
e,
 

en
er
gy

 i
nt
ak
e,
 e
du

ca
-

tio
n,
 s
m
ok

in
g,
 h
ei
gh

t, 
w
ei
gh

t, 
fi
br
e 
in
ta
ke
. 

A
ge
 a
s 
un

de
rl
yi
ng

 
tim

e 
sc
al
e 

S
te
in
do

rf
 

et
 a
l.,
 2
00

0.
 

P
ol
an
d 

C
as
e-
co
n-

tr
ol
 s
tu
dy

 
18

0 
ca
se
s 
tr
ea
te
d 
at
 a
 

P
ol
is
h 
ho

sp
ita
l, 
an
d 

18
0 
ag
e-

an
d 

se
x-
m
at
ch
ed
 c
on

tr
ol
s 

se
le
ct
ed
 f
ro
m
 p
at
ie
nt
s

H
is
to
lo
gi
ca
lly

 c
on

-
fi
rm

ed
 in
ci
de
nt
 c
as
es
 o
f 

co
lo
n 
an
d 
re
ct
al
 c
an
ce
r 

T
im

e 
sp
en
t w

at
ch
in
g 

T
V
 in

 le
is
ur
e-
tim

e,
 

ca
te
go

ri
se
d 
as
 te
rt
ile
s 

(<
1.
14

 [
re
f]
, 1

.1
4–
2,
 

≥
2 
h/
da
y)
 

O
R
 =

 2
.2
2 
(1
.1
9,
 

4.
17

) 
E
du

ca
tio

n,
 t
ot
al
 

en
er
gy

 i
nt
ak
e

9 Sedentary Behaviour and Cancer 273



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

w
ith

ou
t 
ca
nc
er
 o
r 

di
ge
st
iv
e 
tr
ac
t d
is
or
de
rs

L
ev
i 

et
 a
l.,
 1
99

9.
 

S
w
itz
er
la
nd

 

C
as
e-
co
n-

tr
ol
 s
tu
dy

 
22

3 
ca
se
s 
tr
ea
te
d 
at
 a
 

S
w
is
s 
ho

sp
ita
l, 
an
d 

49
1 
co
nt
ro
ls
 a
dm

itt
ed
 

to
 th

e 
sa
m
e 
ho

sp
ita
l f
or
 

ac
ut
e 
co
nd

iti
on

s 

H
is
to
lo
gi
ca
lly

 c
on

-
fi
rm

ed
, i
nc
id
en
t 
co
lo
-

re
ct
al
 c
an
ce
r 

P
re
de
fi
ne
d 
ca
te
go

ri
es
 

fo
r 
oc
cu
pa
tio

na
l 
ac
tiv

-
ity

 (
m
ai
nl
y 
si
tti
ng

, 
st
an
di
ng

, v
er
y 
tir
in
g/
 

tir
in
g)
 f
or
 j
ob

s 
he
ld
 a
t 

va
ri
ou

s 
lif
e-
st
ag
es
. 

H
R
s 
pr
es
en
te
d 
he
re
 a
s 

st
an
di
ng

 (r
ef
.)
 v
s 
si
tti
ng

 

15
–1

9 
ye
ar
s:
 

O
R
 =

 1
.2
5 
(0
.8
3,
 

1.
92

) 
30
–3

9 
ye
ar
s:
 

O
R
 =

 1
.8
5 
(1
.0
9,
 

3.
13

) 
50
–5

9 
ye
ar
s:
 

O
R
 =

 1
.6
1 
(0
.9
4,
 

2.
70

) 

S
ex
, a
ge
, t
ot
al
 a
lc
oh

ol
 

in
ta
ke
, t
ot
al
 e
ne
rg
y 

in
ta
ke
, e
du

ca
tio

n 

T
av
an
i 

et
 a
l.,
 1
99

9.
 

It
al
y 

C
as
e-
co
n-

tr
ol
 s
tu
dy

 
12

25
 c
ol
on

 c
as
es
 

re
cr
ui
te
d 
fr
om

 l
oc
al
 

ho
sp
ita
ls
, a
nd

 4
15

4 
co
nt
ro
ls
 a
dm

itt
ed
 to

 th
e 

sa
m
e 
ho

sp
ita
ls
 f
or
 

ac
ut
e 
co
nd

iti
on

s 

H
is
to
lo
gi
ca
lly

 c
on

-
fi
rm

ed
, i
nc
id
en
t 
co
lo
n 

ca
nc
er
 

P
re
de
fi
ne
d 
ca
te
go

ri
es
 

of
 o
cc
up

at
io
na
l a
ct
iv
ity

 
(m

ai
nl
y 
si
tti
ng

, s
ta
nd

-
in
g,
 a
ve
ra
ge
, h

ea
vy

, 
ve
ry
 h
ea
vy

).
 H

R
s 

pr
es
en
te
d 
he
re
 a
s 

st
an
di
ng

 (r
ef
.)
 v
s 
si
tti
ng

 

W
om

en
 

15
–1

9 
ye
ar
s:
 

O
R
 =

 1
37

 (
1.
04

, 
1.
82

) 
30
–3

9 
ye
ar
s:
 

O
R
 =

 1
.5
4 
(1
.0
8,
 

2.
17

) 
50
–5

9 
ye
ar
s:
 

O
R
 =

 1
.4
5 
(1
.0
0,
 

2.
13

) 
M
en
 

15
–1

9 
ye
ar
s:
 

O
R
 =

 1
.1
2 
(0
.8
1,
 

1.
56

) 
30
–3

9 
ye
ar
s:

S
tu
dy

 c
en
tr
e,
 a
ge
, t
ot
al
 

al
co
ho

l 
in
ta
ke
, t
ot
al
 

en
er
gy

 i
nt
ak
e,
 

ed
uc
at
io
n

274 C. T. V. Swain et al.



O
R
 =

 0
.9
9 
(0
.9
4,
 

1.
69

) 
50
–5

9 
ye
ar
s:
 

O
R
 =

 0
.9
4 
(0
.7
0,
 

1.
28

)

E
nd

om
et
ri
al
/u
te
ri
ne
 c
an

ce
r 

H
un

te
r 

et
 a
l.,
 2
02

0.
 

U
K
. 

P
ro
sp
ec
tiv

e 
co
ho

rt
 

st
ud

y.
 

25
3,
18

8 
fe
m
al
es
 a
ge
d 

be
tw
ee
n 
40

–6
9 
ye
ar
s 

fr
om

 t
he
 U

K
 B
io
ba
nk

 
st
ud

y.
 

U
te
ri
ne
 c
an
ce
r 
ca
se
s 

id
en
tifi

ed
 v
ia
 c
an
ce
r 

re
gi
st
ry
 l
in
ka
ge
. 

T
V
 ti
m
e 
ca
te
go

ri
se
d 
as
 

≤
1,
 1
–≤

3 
(r
ef
.)
, 3

–≤
5,
 

>
5 
h/
da
y.
 

H
R
 =

 0
.6
3 
(0
.4
4,
 

0.
88

).
 

A
ge
, s
ex
, e
th
ni
ci
ty
, 

de
pr
iv
at
io
n 
in
de
x,
 

ed
uc
at
io
n,
 f
ru
it 
an
d 

ve
ge
ta
bl
e,
 B
M
I,
 

he
ig
ht
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke
. 

Ih
ir
a 

et
 a
l.,
 2
02

0.
 

Ja
pa
n 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
13

,2
77

 w
om

en
 in
 J
ap
an
 

P
ub

lic
 H

ea
lth

 C
en
te
r-

ba
se
d 
P
ro
sp
ec
tiv

e 
S
tu
dy

, a
ge
d 
50

–7
9 
at
 

en
ro
lm

en
t. 
M
ea
n 

fo
llo

w
-u
p 
10

.2
 y
ea
rs
 

50
 w

om
en
 d
ia
gn

os
ed
 

w
ith

 e
nd

om
et
ri
al
 c
an
-

ce
r;
 i
de
nt
ifi
ed
 v
ia
 

po
pu

la
tio

n-
ba
se
d 
ca
n-

ce
r 
re
gi
st
ri
es
 o
r 
lo
ca
l 

m
aj
or
 h
os
pi
ta
l 
re
co
rd
s 

O
cc
up

at
io
na
l s
itt
in
g 

tim
e,
 c
at
eg
or
is
ed
 a
s 

<
1,
 1
–<

3 
(r
ef
.)
, 3

–<
5,
 

5–
<
7,
 ≥
7 
h/
da
y 

R
R
 =

 0
.4
9 
(0
.1
5,
 

1.
52

) 
A
ge
, a
re
a,
 h
is
to
ry
 o
f 

di
ab
et
es
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke
, 

B
M
I,
 c
of
fe
e,
 w

al
ki
ng

 
tim

e 
at
 w

or
k,
 s
tr
en
u-

ou
s 
tim

e 
at
 w

or
k)
, 

m
od

er
at
e-
to
-v
ig
or
ou

s 
ph

ys
ic
al
 a
ct
iv
ity

 t
im

e 
in
 le
is
ur
e 
tim

e,
 ty

pe
 o
f 

jo
b 
an
d 
to
ta
l 
w
or
ki
ng

 
ho

ur
s.
 

P
at
el
 

et
 a
l.,
 2
01

5.
 

U
S
A
. 

A
ft
er
 P
at
el
 

et
 a
l.,
 2
00

8 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
77

,4
62

 w
om

en
 f
ro
m
 

th
e 
C
P
S
-I
I 
nu

tr
iti
on

 
co
ho

rt
, a
ge
d 
50

–7
4 
at
 

en
ro
lm

en
t. 
M
ea
n 

fo
llo

w
-u
p 
15

.8
 y
ea
rs
 

77
6 
en
do

m
et
ri
al
 c
an
ce
r 

ca
se
s 
id
en
tifi

ed
 b
y 
se
lf
-

re
po

rt
 (
ve
ri
fi
ed
 b
y 
st
at
e 

ca
nc
er
 r
eg
is
tr
ie
s 
or
 

m
ed
ic
al
 r
ec
or
ds
) 
or
 

th
ro
ug

h 
N
at
io
na
l D

ea
th
 

In
de
x 

L
ei
su
re
-t
im

e 
si
tti
ng

 
(T
V
, r
ea
di
ng

, e
tc
) 

ca
te
go

ri
se
d 
as
 0
–<

3 
(r
ef
.)
, 3

–5
, o

r 
≥
6 
h/
da
y 

R
R
 =

 1
.2
1 
(0
.9
7,
 

1.
50

) 
A
ge
, p

hy
si
ca
l 
ac
tiv

ity
 

(e
xe
rc
is
e,
 d
ai
ly
-l
if
e,
 

ho
us
ek
ee
pi
ng

),
 r
ac
e,
 

sm
ok

in
g 
st
at
us
, d

ur
a-

tio
n 
an
d 
fr
eq
ue
nc
y 
of
 

sm
ok

in
g 
am

on
g 
cu
r-

re
nt
 s
m
ok

er
s,
 y
ea
rs
 

si
nc
e 
qu

itt
in
g 
am

on
g 

(c
on

tin
ue
d)

9 Sedentary Behaviour and Cancer 275



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

A
re
m

et
al
.,
20

11
.

U
ni
te
d
S
ta
te
s

C
as
e-
co
n-

tr
ol

st
ud

y
66

7
ca
se
s
fr
om

C
on

-
ne
ct
ic
ut

ho
sp
ita
ls
.

66
2
ag
e-
m
at
ch
ed

co
n-

tr
ol
s
re
cr
ui
te
d
th
ro
ug

h
ra
nd

om
di
gi
td

ia
lli
ng

In
ci
de
nt
,p

ri
m
ar
y

en
do

m
et
ri
al
ca
nc
er
s

T
im

e
se
at
ed

w
at
ch
in
g

m
ul
tim

ed
ia
or

si
tti
ng

at
w
or
k
(<

4
[r
ef
.]
,4

–<
6,

6–
<
8,

≥
8
h/
da
y)

O
R
=

1.
52

(1
.0
7,

2.
16

),
p
tr
en
d
=

0.
02

4

A
ge
,r
ac
e,
pa
ri
ty
,

m
en
op

au
sa
l
st
at
us
,

O
C
pi
ll
us
e,
sm

ok
in
g,

hy
pe
rt
en
si
on

,B
M
I

F
ri
ed
en
re
ic
h

et
al
.,
20

10
.

C
an
ad
a

C
as
e-
co
n-

tr
ol

st
ud

y
54

2
ca
se
s
id
en
tifi

ed
th
ro
ug

h
th
e
A
lb
er
ta

C
an
ce
r
R
eg
is
tr
y.

10
32

ag
e-
m
at
ch
ed

co
nt
ro
ls

re
cr
ui
te
d
fr
om

th
e

co
m
m
un

ity

In
ci
de
nt
,h

is
to
lo
gi
ca
lly

co
nfi

rm
ed

in
va
si
ve

ca
se
s
of

en
do

m
et
ri
al

ca
nc
er

L
if
et
im

e
oc
cu
pa
tio

na
l

si
tti
ng

tim
e
(h
/w
ee
k/

ye
ar
)
as
se
ss
ed

by
to
ta
l

lif
et
im

e
ph

ys
ic
al
ac
tiv

-
ity

qu
es
tio

nn
ai
re
.

Q
ua
rt
ile
s
ac
co
rd
in
g
to

co
nt
ro
ld

is
tr
ib
ut
io
n

(≤
3.
59

[r
ef
.]
,

3.
60
–9

.2
6,

9.
27

–1
6.
94

,
≥
16

.9
5
h/
w
ee
k/
ye
ar
)

O
R
=

1.
28

(0
.8
9,

1.
83

),
p
tr
en
d
=

0.
12

F
or

ea
ch

h/
w
ee
k/

ye
ar

in
cr
ea
se

in
oc
cu
pa
tio

na
l
si
tti
ng

tim
e
O
R
=

1.
02

(1
.0
0,

1.
04

).
F
or

5
h/
w
ee
k/
ye
ar

in
cr
ea
se

in
si
tti
ng

tim
e
O
R
=

1.
11

(1
.0
1,

1.
22

)

A
ge
,B

M
I,
w
ai
st
ci
r-

cu
m
fe
re
nc
e,
ag
e
at

m
en
ar
ch
e,
hy

pe
rt
en
-

si
on

,n
um

be
r
of

pr
eg
-

na
nc
ie
s
≥
20

w
ee
ks

ge
st
at
io
n

fo
rm

er
 s
m
ok

er
s,
 e
du

-
ca
tio

n,
 a
lc
oh

ol
 i
nt
ak
e,
 

to
ta
l 
en
er
gy

 i
nt
ak
e,
 

re
d/
pr
oc
es
se
d 
m
ea
t 

in
ta
ke
, f
am

ily
 h
is
to
ry
 

of
 c
an
ce
r,
 p
re
va
le
nt
 

ch
ro
ni
c 
di
se
as
e,
 d
ia
-

be
te
s,
 m

en
op

au
sa
l 
st
a-

tu
s 
(w

om
en
),
 

po
st
m
en
op

au
sa
l 
ho

r-
m
on

e 
us
e 
(w

om
en
),
 

en
do

sc
op

y 
sc
re
en
in
g,
 

B
M
I

276 C. T. V. Swain et al.



(c
on

tin
ue
d)

M
oo

re
 

et
 a
l.,
 2
01

0.
 

U
S
A
. 

A
ft
er
 

G
ie
ra
ch
 e
t a
l, 

20
09

 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
69

,6
48

 w
om

en
 f
ro
m
 

th
e 
N
IH

-A
A
R
P
 d
ie
t 

an
d 
he
al
th
 s
tu
dy

, a
ge
d 

51
–7
2 
ye
ar
s 
at
 q
ue
s-

tio
nn

ai
re
 

ad
m
in
is
tr
at
io
n 

88
8 
in
ci
de
nt
 e
nd

om
e-

tr
ia
l 
ca
nc
er
s 
id
en
tifi

ed
 

th
ro
ug

h 
lin

ka
ge
 t
o 

11
 s
ta
te
 c
an
ce
r 

re
gi
st
ri
es
 

S
itt
in
g 
du

ri
ng

 a
 t
yp

ic
al
 

24
 h
 p
er
io
d 
in
 p
as
t 

12
 m

on
th
s 
(<

3 
[r
ef
.]
, 

3–
4,
 5
–6
, 7

–8
, ≥

9
h/

 
da
y)
 

R
R
 =

 1
.4
5 
(1
.1
0,
 

1.
92

),
 p
 tr
en
d 
<
0.
01

 
A
ge
, r
ac
e,
 s
m
ok

in
g,
 

pa
ri
ty
, o

ra
l 
co
nt
ra
ce
p-

tiv
e 
us
e,
 a
ge
 a
t m

en
o-

pa
us
e,
 h
or
m
on

e 
th
er
ap
y 
us
e,
 v
ig
or
ou

s 
ph

ys
ic
al
 a
ct
iv
ity

 

F
ri
be
rg
 

et
 a
l.,
 2
00

6.
 

S
w
ed
en
 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
33

,7
23

 w
om

en
 f
ro
m
 

th
e 
S
w
ed
is
h 
m
am

m
og

-
ra
ph

y 
co
ho

rt
, a
ge
d 

50
–8
3 
ye
ar
s 
at
 b
as
e-

lin
e.
 M

ea
n 
fo
llo

w
-u
p 
of
 

7.
25

 y
ea
rs
 

19
9 
in
ci
de
nt
 e
nd

om
e-

tr
ia
l 
ca
nc
er
s 
id
en
tifi

ed
 

th
ro
ug

h 
na
tio

na
l 
an
d 

re
gi
on

al
 c
an
ce
r 

re
gi
st
ri
es
 

P
re
de
fi
ne
d 
ca
te
go

ri
es
 

fo
r 
tim

e 
sp
en
t 
pe
r 
da
y 

w
at
ch
in
g 
T
V
/o
th
er
 l
ei
-

su
re
 s
itt
in
g 
(<

5 
[r
ef
.]
, 

≥
5 
h/
da
y)
 

R
R
 =

 1
.8
0 
(1
.1
4,
 

2.
83

) 
A
ge
, p

ar
ity

, h
is
to
ry
 o
f 

di
ab
et
es
, e
du

ca
tio

n,
 

to
ta
l 
fr
ui
t 
an
d 
ve
ge
ta
-

bl
e 
in
ta
ke
, o

ra
l c
on

tr
a-

ce
pt
iv
e 
us
e,
 

po
st
m
en
op

au
sa
l 
ho

r-
m
on

e 
us
e,
 a
ge
 a
t 
m
en
-

ar
ch
e,
 a
ge
 a
t 

m
en
op

au
se
, s
m
ok

in
g,
 

to
ta
l 
en
er
gy

 i
nt
ak
e,
 

le
is
ur
e-
tim

e 
ph

ys
ic
al
 

ac
tiv

ity
 

O
es
op

ha
ge
al
 c
an

ce
r 

H
un

te
r 

et
 a
l.,
 2
02

0.
 

U
ni
te
d 

K
in
gd

om
 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
47

0,
57

8 
ad
ul
ts
 a
ge
d 

be
tw
ee
n 
40

–6
9 
ye
ar
s 

fr
om

 t
he
 U

K
 B
io
ba
nk

 
st
ud

y 

54
1 
oe
so
ph

ag
us
 a
nd

 
st
om

ac
h 
ca
nc
er
 c
as
es
 

id
en
tifi

ed
 v
ia
 c
an
ce
r 

re
gi
st
ry
 l
in
ka
ge
 

T
V
 ti
m
e 
ca
te
go

ri
se
d 
as
 

≤
1,
 1
–≤

3 
(r
ef
.)
, 3

–≤
5,
 

>
5 
h/
da
y 

H
R
 =

 1
.0
2 
(0
.7
3,
 

1.
42

) 
A
ge
, s
ex
, e
th
ni
ci
ty
, 

de
pr
iv
at
io
n 
in
de
x,
 

ed
uc
at
io
n,
 f
ru
it 
an
d 

ve
ge
ta
bl
e,
 B
M
I,
 

he
ig
ht
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke
 

Ih
ir
a 

et
 a
l.,
 2
02

0.
 

Ja
pa
n 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
13

,2
77

 w
om

en
 a
nd

 
20

,0
30

 m
en
 in

 J
ap
an
 

P
ub

lic
 H

ea
lth

 C
en
te
r-

ba
se
d 
P
ro
sp
ec
tiv

e 
S
tu
dy

, a
ge
d 
50

–7
9 
at
 

en
ro
lm

en
t. 
M
ea
n 

fo
llo

w
-u
p 
10

.2
 y
ea
rs
 

8 
w
om

en
 a
nd

 1
00

 m
en
 

di
ag
no

se
d 
w
ith

 
oe
so
ph

ag
ea
l 
ca
nc
er
; 

id
en
tifi

ed
 v
ia
 

po
pu

la
tio

n-
ba
se
d 
ca
n-

ce
r 
re
gi
st
ri
es
 o
r 
lo
ca
l 

m
aj
or
 h
os
pi
ta
l 
re
co
rd
s 

O
cc
up

at
io
na
l s
itt
in
g 

tim
e,
 c
at
eg
or
is
ed
 a
s 

<
1,
 1
–<

3 
(r
ef
.)
, 3

–<
5,
 

5–
<
7,
 ≥
7 
h/
da
y 

W
om

en
 

R
R
 =

 2
.3
8 
(0
.3
5,
 

16
.4
5)
 

M
en
 

R
R
 =

 1
.0
5 
(0
.5
8,
 

1.
87

) 

A
ge
, a
re
a,
 h
is
to
ry
 o
f 

di
ab
et
es
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke
, 

B
M
I,
 c
of
fe
e,
 w

al
ki
ng

 
tim

e 
at
 w

or
k,
 s
tr
en
u-

ou
s 
tim

e 
at
 w

or
k)
, 

m
od

er
at
e-
to
-v
ig
or
ou

s

9 Sedentary Behaviour and Cancer 277



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

P
at
el

et
al
.,
20

15
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
14

6,
72

2
pa
rt
ic
ip
an
ts
of

th
e
A
C
S
C
P
S
-I
I
N
ut
ri
-

tio
n
C
oh

or
t,
ag
ed

50
–7
4
at
en
ro
lm

en
t.

M
ea
n
fo
llo

w
-u
p

15
.8

ye
ar
s

31
5
oe
so
ph

ag
ea
l
ca
n-

ce
r
ca
se
s
id
en
tifi

ed
by

se
lf
-r
ep
or
t
(v
er
ifi
ed

th
ro
ug

h
m
ed
ic
al

re
co
rd
s,
ca
nc
er

re
gi
s-

tr
ie
s
or

N
at
io
na
l
D
ea
th

In
de
x)

L
ei
su
re
-t
im

e
si
tti
ng

(T
V
,r
ea
di
ng

,e
tc
)

ca
te
go

ri
se
d
as

0–
<
3

(r
ef
.)
,3

–5
,o

r
≥
6
h/
da
y

W
om

en
R
R
=

1.
13

(0
.4
7,

2.
72

)
M
en

R
R
=

1.
04

(0
.7
4,

1.
46

)

A
ge
,p

hy
si
ca
l
ac
tiv

ity
(e
xe
rc
is
e,
da
ily

-l
if
e,

ho
us
ek
ee
pi
ng

),
ra
ce
,

sm
ok

in
g
st
at
us
,d

ur
a-

tio
n
an
d
fr
eq
ue
nc
y
of

sm
ok

in
g
am

on
g
cu
r-

re
nt

sm
ok

er
s,
ye
ar
s

si
nc
e
qu

itt
in
g
am

on
g

fo
rm

er
sm

ok
er
s,
ed
u-

ca
tio

n,
al
co
ho

l
in
ta
ke
,

to
ta
l
en
er
gy

in
ta
ke
,

re
d/
pr
oc
es
se
d
m
ea
t

in
ta
ke
,f
am

ily
hi
st
or
y

of
ca
nc
er
,p

re
va
le
nt

ch
ro
ni
c
di
se
as
e,
di
a-

be
te
s,
m
en
op

au
sa
l
st
a-

tu
s
(w

om
en
),

po
st
m
en
op

au
sa
l
ho

r-
m
on

e
us
e
(w

om
en
),

en
do

sc
op

y
sc
re
en
in
g,

B
M
I

ph
ys
ic
al
 a
ct
iv
ity

 t
im

e 
in
 le
is
ur
e 
tim

e,
 ty

pe
 o
f 

jo
b 
an
d 
to
ta
l 
w
or
ki
ng

 
ho

ur
s

278 C. T. V. Swain et al.



(c
on

tin
ue
d)

G
al
lb
la
dd

er
 c
an

ce
r 

P
at
el
 

et
 a
l.,
 2
01

5.
 

U
ni
te
d 
S
ta
te
s 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
14

6,
72

2 
pa
rt
ic
ip
an
ts
 o
f 

th
e 
A
C
S
 C
P
S
-I
I 
N
ut
ri
-

tio
n 
C
oh

or
t, 
ag
ed
 

50
–7
4 
at
 e
nr
ol
m
en
t. 

M
ea
n 
fo
llo

w
-u
p 

15
.8
 y
ea
rs
 

90
 g
al
lb
la
dd

er
 c
an
ce
r 

ca
se
s 
id
en
tifi

ed
 b
y 
se
lf
-

re
po

rt
 (
ve
ri
fi
ed
 th

ro
ug

h 
m
ed
ic
al
 r
ec
or
ds
, c
an
ce
r 

re
gi
st
ri
es
 o
r 
N
at
io
na
l 

D
ea
th
 I
nd

ex
) 

L
ei
su
re
-t
im

e 
si
tti
ng

 
(T
V
, r
ea
di
ng

, e
tc
) 

ca
te
go

ri
se
d 
as
 0
–<

3 
(r
ef
.)
, 3

–5
, o

r 
≥
6 
h/
da
y 

W
om

en
 

R
R
 =

 1
.4
3 
(0
.6
5,
 

3.
14

) 
M
en
 

R
R
 =

 2
.1
1 
(0
.8
7,
 

5.
09

) 

A
ge
, p

hy
si
ca
l 
ac
tiv

ity
 

(e
xe
rc
is
e,
 d
ai
ly
-l
if
e,
 

ho
us
ek
ee
pi
ng

),
 r
ac
e,
 

sm
ok

in
g 
st
at
us
, d

ur
a-

tio
n 
an
d 
fr
eq
ue
nc
y 
of
 

sm
ok

in
g 
am

on
g 
cu
r-

re
nt
 s
m
ok

er
s,
 y
ea
rs
 

si
nc
e 
qu

itt
in
g 
am

on
g 

fo
rm

er
 s
m
ok

er
s,
 e
du

-
ca
tio

n,
 a
lc
oh

ol
 i
nt
ak
e,
 

to
ta
l 
en
er
gy

 i
nt
ak
e,
 

re
d/
pr
oc
es
se
d 
m
ea
t 

in
ta
ke
, f
am

ily
 h
is
to
ry
 

of
 c
an
ce
r,
 p
re
va
le
nt
 

ch
ro
ni
c 
di
se
as
e,
 d
ia
-

be
te
s,
 m

en
op

au
sa
l 
st
a-

tu
s 
(w

om
en
),
 

po
st
m
en
op

au
sa
l 
ho

r-
m
on

e 
us
e 
(w

om
en
),
 

en
do

sc
op

y 
sc
re
en
in
g,
 

B
M
I 

H
ea
d 
an

d 
ne
ck
 c
an

ce
r 

H
un

te
r 

et
 a
l.,
 2
02

0.
 

U
ni
te
d 

K
in
gd

om
 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
47

0,
57

8 
ad
ul
ts
 a
ge
d 

be
tw
ee
n 
40

 a
nd

 
69

 y
ea
rs
 f
ro
m
 t
he
 U
K
 

B
io
ba
nk

 s
tu
dy

 

55
7 
or
op

ha
ry
ng

ea
l 

ca
nc
er
 c
as
es
 i
de
nt
ifi
ed
 

vi
a 
ca
nc
er
 r
eg
is
tr
y 

lin
ka
ge
 

T
V
 ti
m
e 
ca
te
go

ri
se
d 
as
 

≤
1,
 1
–≤

3 
(r
ef
.)
, 3

–≤
5,
 

>
5 
h/
da
y 

H
R
 =

 1
.4
8 
(1
.0
9,
 

2.
01

) 
A
ge
, s
ex
, e
th
ni
ci
ty
, 

de
pr
iv
at
io
n 
in
de
x,
 

ed
uc
at
io
n,
 f
ru
it 
an
d 

ve
ge
ta
bl
e,
 B
M
I,
 

he
ig
ht
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke

9 Sedentary Behaviour and Cancer 279



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

P
at
el
 

et
 a
l.,
 2
01

5.
 

U
ni
te
d 
S
ta
te
s 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
14

6,
72

2 
pa
rt
ic
ip
an
ts
 o
f 

th
e 
A
C
S
 C
P
S
-I
I 
N
ut
ri
-

tio
n 
C
oh

or
t, 
ag
ed
 

50
–7
4 
at
 e
nr
ol
m
en
t. 

M
ea
n 
fo
llo

w
-u
p 

15
.8
 y
ea
rs
 

37
1 
he
ad
 a
nd

 n
ec
k 

ca
nc
er
 c
as
es
 i
de
nt
ifi
ed
 

by
 s
el
f-
re
po

rt
 (
ve
ri
fi
ed
 

th
ro
ug

h 
m
ed
ic
al
 

re
co
rd
s,
 c
an
ce
r 
re
gi
s-

tr
ie
s 
or
 N

at
io
na
l 
D
ea
th
 

In
de
x)
 

L
ei
su
re
-t
im

e 
si
tti
ng

 
(T
V
, r
ea
di
ng

, e
tc
) 

ca
te
go

ri
se
d 
as
 0
–<

3 
(r
ef
.)
, 3

–5
, o

r 
≥
6 
h/
da
y 

W
om

en
 

R
R
 =

 1
.4
9 
(0
.8
6,
 

2.
61

) 
M
en
 

R
R
 =

 1
.2
2 
(0
.8
8,
 

1.
69

) 

A
ge
, p

hy
si
ca
l 
ac
tiv

ity
 

(e
xe
rc
is
e,
 d
ai
ly
-l
if
e,
 

ho
us
ek
ee
pi
ng

),
 r
ac
e,
 

sm
ok

in
g 
st
at
us
, d

ur
a-

tio
n 
an
d 
fr
eq
ue
nc
y 
of
 

sm
ok

in
g 
am

on
g 
cu
r-

re
nt
 s
m
ok

er
s,
 y
ea
rs
 

si
nc
e 
qu

itt
in
g 
am

on
g 

fo
rm

er
 s
m
ok

er
s,
 e
du

-
ca
tio

n,
 a
lc
oh

ol
 i
nt
ak
e,
 

to
ta
l 
en
er
gy

 i
nt
ak
e,
 

re
d/
pr
oc
es
se
d 
m
ea
t 

in
ta
ke
, f
am

ily
 h
is
to
ry
 

of
 c
an
ce
r,
 p
re
va
le
nt
 

ch
ro
ni
c 
di
se
as
e,
 d
ia
-

be
te
s,
 m

en
op

au
sa
l 
st
a-

tu
s 
(w

om
en
),
 

po
st
m
en
op

au
sa
l 
ho

r-
m
on

e 
us
e 
(w

om
en
),
 

en
do

sc
op

y 
sc
re
en
in
g,
 

B
M
I 

H
ae
m
at
ol
og

ic
al
 c
an

ce
r 

H
un

te
r 

et
 a
l.,
 2
02

0.
 

U
ni
te
d 

K
in
gd

om
 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
47

0,
57

8 
ad
ul
ts
 a
ge
d 

be
tw
ee
n 
40

 a
nd

 
69

 y
ea
rs
 f
ro
m
 t
he
 U
K
 

B
io
ba
nk

 s
tu
dy

 

24
68

 h
ae
m
at
ol
og

ic
al
 

m
al
ig
na
nc
ie
s 
id
en
tifi

ed
 

vi
a 
ca
nc
er
 r
eg
is
tr
y 

lin
ka
ge
 

T
V
 ti
m
e 
ca
te
go

ri
se
d 
as
 

≤
1,
 1
–≤

3 
(r
ef
.)
, 3

–≤
5,
 

>
5 
h/
da
y 

H
R
 =

 0
.9
7 
(0
.8
2,
 

1.
16

) 
A
ge
, s
ex
, e
th
ni
ci
ty
, 

de
pr
iv
at
io
n 
in
de
x,
 

ed
uc
at
io
n,
 f
ru
it 
an
d 

ve
ge
ta
bl
e,
 B
M
I,
 

he
ig
ht
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke

280 C. T. V. Swain et al.



H
ep
at
ob

ili
ar
y 
tr
ac
t 

H
un

te
r 

et
 a
l.,
 2
02

0.
 

U
ni
te
d 

K
in
gd

om
 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
47

0,
57

8 
ad
ul
ts
 a
ge
d 

be
tw
ee
n 
40

 a
nd

 
69

 y
ea
rs
 f
ro
m
 t
he
 U
K
 

B
io
ba
nk

 s
tu
dy

 

45
6 
he
pa
to
bi
lia
ry
 t
ra
ct
 

ca
nc
er
 c
as
es
 i
de
nt
ifi
ed
 

vi
a 
ca
nc
er
 r
eg
is
tr
y 

lin
ka
ge
 

T
V
 ti
m
e 
ca
te
go

ri
se
d 
as
 

≤
1,
 1
–≤

3 
(r
ef
.)
, 3

–≤
5,
 

>
5 
h/
da
y 

H
R
 =

 1
.2
6 
(0
.9
0,
 

1.
77

) 
A
ge
, s
ex
, e
th
ni
ci
ty
, 

de
pr
iv
at
io
n 
in
de
x,
 

ed
uc
at
io
n,
 f
ru
it 
an
d 

ve
ge
ta
bl
e,
 B
M
I,
 

he
ig
ht
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke
 

K
id
ne
y 
ca
nc
er
 

H
un

te
r 

et
 a
l.,
 2
02

0.
 

U
ni
te
d 

K
in
gd

om
 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
47

0,
57

8 
ad
ul
ts
 a
ge
d 

be
tw
ee
n 
40

–6
9 
ye
ar
s 

fr
om

 t
he
 U

K
 B
io
ba
nk

 
st
ud

y 

77
9 
ki
dn

ey
 c
an
ce
r 

ca
se
s 
id
en
tifi

ed
 v
ia
 

ca
nc
er
 r
eg
is
tr
y 
lin

ka
ge
 

T
V
 ti
m
e 
ca
te
go

ri
se
d 
as
 

≤
1,
 1
–≤

3 
(r
ef
.)
, 3

–≤
5,
 

>
5 
h/
da
y 

H
R
 =

 1
.0
8 
(0
.8
2,
 

1.
42

) 
A
ge
, s
ex
, e
th
ni
ci
ty
, 

de
pr
iv
at
io
n 
in
de
x,
 

ed
uc
at
io
n,
 f
ru
it 
an
d 

ve
ge
ta
bl
e,
 B
M
I,
 

he
ig
ht
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke
 

Ih
ir
a 

et
 a
l.,
 2
02

0.
 

Ja
pa
n 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
13

,2
77

 w
om

en
 a
nd

 
20

,0
30

 m
en
 in

 J
ap
an
 

P
ub

lic
 H

ea
lth

 C
en
te
r-

ba
se
d 
P
ro
sp
ec
tiv

e 
S
tu
dy

, a
ge
d 
50

–7
9 
at
 

en
ro
lm

en
t. 
M
ea
n 

fo
llo

w
-u
p 
10

.2
 y
ea
rs
 

12
 w

om
en
 a
nd

 5
7 
m
en
 

di
ag
no

se
d 
w
ith

 k
id
ne
y 

ca
nc
er
; 
id
en
tifi

ed
 v
ia
 

po
pu

la
tio

n-
ba
se
d 
ca
n-

ce
r 
re
gi
st
ri
es
 o
r 
lo
ca
l 

m
aj
or
 h
os
pi
ta
l 
re
co
rd
s 

O
cc
up

at
io
na
l s
itt
in
g 

tim
e,
 c
at
eg
or
is
ed
 a
s 

<
1,
 1
–<

3 
(r
ef
.)
, 3

–<
5,
 

5–
<
7,
 ≥
7 
h/
da
y 

W
om

en
 

R
R
 =

 4
.1
5 
(0
.6
6,
 

26
.1
1)
 

M
en
 

R
R
 =

 1
.0
4 
(0
.4
4,
 

2.
47

) 

A
ge
, a
re
a,
 h
is
to
ry
 o
f 

di
ab
et
es
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke
, 

B
M
I,
 c
of
fe
e,
 w

al
ki
ng

 
tim

e 
at
 w

or
k,
 s
tr
en
u-

ou
s 
tim

e 
at
 w

or
k)
, 

m
od

er
at
e-
to
-v
ig
or
ou

s 
ph

ys
ic
al
 a
ct
iv
ity

 t
im

e 
in
 le
is
ur
e 
tim

e,
 ty

pe
 o
f 

jo
b 
an
d 
to
ta
l 
w
or
ki
ng

 
ho

ur
s 

P
at
el
 

et
 a
l.,
 2
01

5.
 

U
ni
te
d 
S
ta
te
s 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
14

6,
72

2 
pa
rt
ic
ip
an
ts
 o
f 

th
e 
A
C
S
 C
P
S
-I
I 
N
ut
ri
-

tio
n 
C
oh

or
t, 
ag
ed
 

50
–7
4 
at
 e
nr
ol
m
en
t. 

M
ea
n 
fo
llo

w
-u
p 

15
.8
 y
ea
rs
 

56
5 
ki
dn

ey
 c
an
ce
r 

ca
se
s 
id
en
tifi

ed
 b
y 
se
lf
-

re
po

rt
 (
ve
ri
fi
ed
 th

ro
ug

h 
m
ed
ic
al
 r
ec
or
ds
, c
an
ce
r 

re
gi
st
ri
es
 o
r 
N
at
io
na
l 

D
ea
th
 I
nd

ex
) 

L
ei
su
re
-t
im

e 
si
tti
ng

 
(T
V
, r
ea
di
ng

, e
tc
) 

ca
te
go

ri
se
d 
as
 0
–<

3 
(r
ef
.)
, 3

–5
, o

r 
≥
6 
h/
da
y 

W
om

en
 

R
R
 =

 0
.9
7 
(0
.6
2,
 

1.
51

) 
M
en
 

R
R
 =

 1
.0
9 
(0
.8
0,
 

1.
48

) 

A
ge
, p

hy
si
ca
l 
ac
tiv

ity
 

(e
xe
rc
is
e,
 d
ai
ly
-l
if
e,
 

ho
us
ek
ee
pi
ng

),
 r
ac
e,
 

sm
ok

in
g 
st
at
us
, d

ur
a-

tio
n 
an
d 
fr
eq
ue
nc
y 
of
 

sm
ok

in
g 
am

on
g 

(c
on

tin
ue
d)

9 Sedentary Behaviour and Cancer 281



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

G
eo
rg
e

et
al
.,
20

11
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
28

9,
51

2
pa
rt
ic
ip
an
ts

fr
om

th
e
N
IH

-A
A
R
P

D
ie
t
an
d
H
ea
lth

S
tu
dy

,
ag
ed

51
–7
2
ye
ar
s
at

ri
sk

fa
ct
or

as
se
ss
m
en
t

12
06

in
ci
de
nt

re
na
lc
el
l

ca
rc
in
om

as
id
en
tifi

ed
th
ro
ug

h
lin

ka
ge

to
11

st
at
e
ca
nc
er

re
gi
st
ri
es

P
re
de
fi
ne
d
ca
te
go

ri
es

fo
r
(i
)
tim

e
sp
en
t

w
at
ch
in
g
T
V
or

vi
de
os

(<
3
[r
ef
.]
,3

–4
,5

–6
,

7–
8,

≥
9
h/
da
y)
,a
nd

(i
i)
si
tti
ng

du
ri
ng

a
ty
pi
ca
l
24

h
pe
ri
od

in
pa
st
12

m
on

th
s
(<

3
[r
ef
.]
,3

–4
,5

–6
,7

–8
,

≥
9
h/
da
y)

T
V
:
R
R
=

1.
56

(0
.8
9,

1.
41

),
p
tr
en
d
=

0.
70

7
T
ot
al
si
tti
ng

:
R
R
=

1.
08

(0
.9
2,

1.
27

),
p
tr
en
d
=

0.
76

5

A
ge
,s
ex
,r
ac
e,
hi
st
or
y

of
di
ab
et
es
,s
m
ok

in
g,

al
co
ho

l
in
ta
ke
,d

ie
t

qu
al
ity

,e
ne
rg
y
in
ta
ke
,

re
cr
ea
tio

na
l
ph

ys
ic
al

ac
tiv

ity

cu
rr
en
t 
sm

ok
er
s,
 y
ea
rs
 

si
nc
e 
qu

itt
in
g 
am

on
g 

fo
rm

er
 s
m
ok

er
s,
 e
du

-
ca
tio

n,
 a
lc
oh

ol
 i
nt
ak
e,
 

to
ta
l 
en
er
gy

 i
nt
ak
e,
 

re
d/
pr
oc
es
se
d 
m
ea
t 

in
ta
ke
, f
am

ily
 h
is
to
ry
 

of
 c
an
ce
r,
 p
re
va
le
nt
 

ch
ro
ni
c 
di
se
as
e,
 d
ia
-

be
te
s,
 m

en
op

au
sa
l 
st
a-

tu
s 
(w

om
en
),
 

po
st
m
en
op

au
sa
l 
ho

r-
m
on

e 
us
e 
(w

om
en
),
 

en
do

sc
op

y 
sc
re
en
in
g,
 

B
M
I

282 C. T. V. Swain et al.



L
iv
er
 c
an

ce
r 

Ih
ir
a 

et
 a
l.,
 2
02

0.
 

Ja
pa
n 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
13

,2
77

 w
om

en
 a
nd

 
20

,0
30

 m
en
 in

 J
ap
an
 

P
ub

lic
 H

ea
lth

 C
en
te
r-

ba
se
d 
P
ro
sp
ec
tiv

e 
S
tu
dy

, a
ge
d 
50

–7
9 
at
 

en
ro
lm

en
t. 
M
ea
n 

fo
llo

w
-u
p 
10

.2
 y
ea
rs
 

21
 w

om
en
 a
nd

 
13

4 
m
en
 d
ia
gn

os
ed
 

w
ith

 l
iv
er
 c
an
ce
r;
 i
de
n-

tifi
ed
 v
ia
 p
op

ul
at
io
n-

ba
se
d 
ca
nc
er
 r
eg
is
tr
ie
s 

or
 l
oc
al
 m

aj
or
 h
os
pi
ta
l 

re
co
rd
s 

O
cc
up

at
io
na
l s
itt
in
g 

tim
e,
 c
at
eg
or
is
ed
 a
s 

<
1,
 1
–<

3 
(r
ef
.)
, 3

–<
5,
 

5–
<
7,
 ≥
7 
h/
da
y 

W
om

en
 

R
R
 =

 0
.3
0 
(0
.0
4,
 

2.
20

) 
M
en
 

R
R
 =

 1
.5
4 
(0
.9
2,
 

2.
58

) 

A
ge
, a
re
a,
 h
is
to
ry
 o
f 

di
ab
et
es
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke
, 

B
M
I,
 c
of
fe
e,
 w

al
ki
ng

 
tim

e 
at
 w

or
k,
 s
tr
en
u-

ou
s 
tim

e 
at
 w

or
k)
, 

m
od

er
at
e-
to
-v
ig
or
ou

s 
ph

ys
ic
al
 a
ct
iv
ity

 t
im

e 
in
 le
is
ur
e 
tim

e,
 ty

pe
 o
f 

jo
b 
an
d 
to
ta
l 
w
or
ki
ng

 
ho

ur
s 

P
at
el
 

et
 a
l.,
 2
01

5.
 

U
ni
te
d 
S
ta
te
s 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
14

6,
72

2 
pa
rt
ic
ip
an
ts
 o
f 

th
e 
A
C
S
 C
P
S
-I
I 
N
ut
ri
-

tio
n 
C
oh

or
t, 
ag
ed
 

50
–7
4 
at
 e
nr
ol
m
en
t. 

M
ea
n 
fo
llo

w
-u
p 

15
.8
 y
ea
rs
 

25
0 
liv

er
 c
an
ce
r 
ca
se
s 

id
en
tifi

ed
 b
y 
se
lf
-r
ep
or
t 

(v
er
ifi
ed
 t
hr
ou

gh
 m

ed
i-

ca
l 
re
co
rd
s,
 c
an
ce
r 
re
g-

is
tr
ie
s 
or
 N

at
io
na
l 

D
ea
th
 I
nd

ex
) 

L
ei
su
re
-t
im

e 
si
tti
ng

 
(T
V
, r
ea
di
ng

, e
tc
) 

ca
te
go

ri
se
d 
as
 0
–<

3 
(r
ef
.)
, 3

–5
, o

r 
≥
6 
h/
da
y 

W
om

en
 

R
R
 =

 0
.7
3 
(0
.3
5,
 

1.
53

) 
M
en
 

R
R
 =

 0
.8
3 
(0
.5
4,
 

1.
28

) 

A
ge
, p

hy
si
ca
l 
ac
tiv

ity
 

(e
xe
rc
is
e,
 d
ai
ly
-l
if
e,
 

ho
us
ek
ee
pi
ng

),
 r
ac
e,
 

sm
ok

in
g 
st
at
us
, d

ur
a-

tio
n 
an
d 
fr
eq
ue
nc
y 
of
 

sm
ok

in
g 
am

on
g 
cu
r-

re
nt
 s
m
ok

er
s,
 y
ea
rs
 

si
nc
e 
qu

itt
in
g 
am

on
g 

fo
rm

er
 s
m
ok

er
s,
 e
du

-
ca
tio

n,
 a
lc
oh

ol
 i
nt
ak
e,
 

to
ta
l 
en
er
gy

 i
nt
ak
e,
 

re
d/
pr
oc
es
se
d 
m
ea
t 

in
ta
ke
, f
am

ily
 h
is
to
ry
 

of
 c
an
ce
r,
 p
re
va
le
nt
 

ch
ro
ni
c 
di
se
as
e,
 d
ia
-

be
te
s,
 m

en
op

au
sa
l 
st
a-

tu
s 
(w

om
en
),
 

po
st
m
en
op

au
sa
l 
ho

r-
m
on

e 
us
e 
(w

om
en
),
 

(c
on

tin
ue
d)

9 Sedentary Behaviour and Cancer 283



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

L
un

g
ca
nc
er

H
un

te
r

et
al
.,
20

20
.

U
ni
te
d

K
in
gd

om

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
47

0,
57

8
ad
ul
ts
ag
ed

be
tw
ee
n
40

an
d

69
ye
ar
s
fr
om

th
e
U
K

B
io
ba
nk

st
ud

y

20
76

lu
ng

ca
nc
er

ca
se
s

id
en
tifi

ed
vi
a
ca
nc
er

re
gi
st
ry

lin
ka
ge

T
V
tim

e
ca
te
go

ri
se
d
as

≤
1,

1–
≤
3
(r
ef
.)
,3

–≤
5,

>
5
h/
da
y

H
R
=

1.
09

(0
.9
3,

1.
26

)
A
ge
,s
ex
,e
th
ni
ci
ty
,

de
pr
iv
at
io
n
in
de
x,

ed
uc
at
io
n,

fr
ui
t
an
d

ve
ge
ta
bl
e,
B
M
I,

he
ig
ht
,s
m
ok

in
g
st
a-

tu
s,
al
co
ho

li
nt
ak
e

Ih
ir
a

et
al
.,
20

20
.

Ja
pa
n

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
13

,2
77

w
om

en
an
d

20
,0
30

m
en

in
Ja
pa
n

P
ub

lic
H
ea
lth

C
en
te
r-

ba
se
d
P
ro
sp
ec
tiv

e
S
tu
dy

,a
ge
d
50

–7
9
at

en
ro
lm

en
t.
M
ea
n

fo
llo

w
-u
p
10

.2
ye
ar
s

81
w
om

en
an
d

36
9
m
en

di
ag
no

se
d

w
ith

lu
ng

ca
nc
er
;i
de
n-

tifi
ed

vi
a
po

pu
la
tio

n-
ba
se
d
ca
nc
er

re
gi
st
ri
es

or
lo
ca
l
m
aj
or

ho
sp
ita
l

re
co
rd
s

O
cc
up

at
io
na
ls
itt
in
g

tim
e,
ca
te
go

ri
se
d
as

<
1,

1–
<
3
(r
ef
.)
,3

–<
5,

5–
<
7,

≥
7
h/
da
y

W
om

en
R
R
=

2.
80

(1
.3
3,

5.
90

)
M
en

R
R
=

1.
07

(0
.7
5,

1.
51

)

A
ge
,a
re
a,
hi
st
or
y
of

di
ab
et
es
,s
m
ok

in
g
st
a-

tu
s,
al
co
ho

li
nt
ak
e,

B
M
I,
co
ff
ee
,w

al
ki
ng

tim
e
at
w
or
k,

st
re
nu

-
ou

s
tim

e
at
w
or
k)
,

m
od

er
at
e-
to
-v
ig
or
ou

s
ph

ys
ic
al
ac
tiv

ity
tim

e
in

le
is
ur
e
tim

e,
ty
pe

of
jo
b
an
d
to
ta
l
w
or
ki
ng

ho
ur
s

W
an
g

et
al
.,
20

18
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
12

9,
40

1
po

st
m
en
o-

pa
us
al
w
om

en
fr
om

th
e

W
om

en
’s
H
ea
lth

In
i-

tia
tiv

e
O
bs
er
va
tio

n
S
tu
dy

an
d
C
lin

ic
al

T
ri
al
co
ho

rt
,a
ge
d

be
tw
ee
n
50

an
d
79

at

en
do

sc
op

y 
sc
re
en
in
g,
 

B
M
I 

13
29

 i
nc
id
en
t 
lu
ng

 
ca
nc
er
 c
as
es
 d
et
er
-

m
in
ed
 v
ia
 h
os
pi
ta
l 

re
co
rd
s,
 d
ea
th
 c
er
tifi

-
ca
te
s,
 a
ut
op

sy
, a
nd

 
co
ro
ne
r 
re
po

rt
s 

S
el
f-
re
po

rt
 q
ue
st
io
n-

na
ir
e 
w
ith

 p
re
de
fi
ne
d 

ca
te
go

ri
es
 o
f 
si
tti
ng

. 
C
at
eg
or
ie
s 
co
lla
ps
ed
 t
o 

≤
5 
(r
ef
.)
, 6

–9
, 1

0–
13

, 
>
13

 m
in
/d
ay
 

H
R
 =

 1
.1
0 
(0
.9
5,
 

1.
28

) 
A
ge
, r
ac
e/
et
hn

ic
ity

, 
B
M
I,
 f
am

ily
 h
is
to
ry
 o
f 

ca
nc
er
, p

er
so
na
l h

is
-

to
ry
 o
f 
ca
nc
er
, h

is
to
ry
 

of
 a
st
hm

a,
 h
is
to
ry
 o
f 

em
ph

ys
em

a 
or
 c
hr
on

ic
 

br
on

ch
iti
s,
 s
m
ok

in
g,

284 C. T. V. Swain et al.



ba
se
lin

e.
M
ea
n
fo
llo

w
up

11
.8

ye
ar
s

P
at
el

et
al
.,
20

15
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
14

6,
72

2
pa
rt
ic
ip
an
ts
of

th
e
A
C
S
C
P
S
-I
I
nu

tr
i-

tio
n
co
ho

rt
,a
ge
d

50
–7
4
at
en
ro
lm

en
t.

M
ea
n
fo
llo

w
-u
p

15
.8

ye
ar
s

30
21

lu
ng

ca
nc
er

ca
se
s

id
en
tifi

ed
by

se
lf
-r
ep
or
t

(v
er
ifi
ed

th
ro
ug

h
m
ed
i-

ca
l
re
co
rd
s,
ca
nc
er

re
g-

is
tr
ie
s
or

N
at
io
na
l

D
ea
th

In
de
x)

L
ei
su
re
-t
im

e
si
tti
ng

(T
V
,r
ea
di
ng

,e
tc
)

ca
te
go

ri
se
d
as

0–
<
3

(r
ef
.)
,3

–5
,o

r
≥
6
h/
da
y

W
om

en
R
R
=

0.
98

(0
.8
2,

1.
17

)
M
en

R
R
=

1.
01

(0
.8
9,

1.
15

)

A
ge
,p

hy
si
ca
l
ac
tiv

ity
(e
xe
rc
is
e,
da
ily

-l
if
e,

ho
us
ek
ee
pi
ng

),
ra
ce
,

sm
ok

in
g
st
at
us
,d

ur
a-

tio
n
an
d
fr
eq
ue
nc
y
of

sm
ok

in
g
am

on
g
cu
r-

re
nt

sm
ok

er
s,
ye
ar
s

si
nc
e
qu

itt
in
g
am

on
g

fo
rm

er
sm

ok
er
s,
ed
u-

ca
tio

n,
al
co
ho

l
in
ta
ke
,

to
ta
l
en
er
gy

in
ta
ke
,

re
d/
pr
oc
es
se
d
m
ea
t

in
ta
ke
,f
am

ily
hi
st
or
y

of
ca
nc
er
,p

re
va
le
nt

ch
ro
ni
c
di
se
as
e,
di
a-

be
te
s,
m
en
op

au
sa
l
st
a-

tu
s
(w

om
en
),

po
st
m
en
op

au
sa
l
ho

r-
m
on

e
us
e
(w

om
en
),

B
M
I

L
am

et
al
.,
20

13
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
15

8,
41

5
ne
ve
r-
sm

ok
er
s

fr
om

th
e
N
IH

-A
A
R
P

D
ie
t
an
d
H
ea
lth

S
tu
dy

,
ag
ed

50
–7
1
ye
ar
s
at

(c
on

tin
ue
d)

ed
uc
at
io
n,
 a
lc
oh

ol
 

in
ta
ke
, v

ita
m
in
 D

 u
se
, 

ho
rm

on
e 
th
er
ap
y,
 o
ra
l 

co
nt
ra
ce
pt
iv
e 
us
e,
 

hy
st
er
ec
to
m
y 
st
at
us
, 

N
S
A
ID

 u
se
, s
er
vi
ng

s 
of
 f
ru
it,
 v
eg
et
ab
le
s,
 

re
d 
m
ea
t 

53
2 
in
ci
de
nt
 l
un

g 
ca
n-

ce
rs
 i
de
nt
ifi
ed
 t
hr
ou

gh
 

lin
ka
ge
 t
o 
11

 s
ta
te
 c
an
-

ce
r 
re
gi
st
ri
es
 

P
re
de
fi
ne
d 
ca
te
go

ri
es
 

fo
r 
(i
) 
tim

e 
sp
en
t 

w
at
ch
in
g 
T
V
 o
r 
vi
de
os
 

(<
3 
[r
ef
.]
, 3

–4
, ≥

5
h/

T
V
: 
H
R
 =

 1
.0
6 

(0
.7
7,
 1
.4
6)
, p

 
tr
en
d 
=
 0
.5
3 

T
ot
al
 s
itt
in
g:

A
ge
, B

M
I,
 e
du

ca
tio

n,
 

et
hn

ic
ity

, v
ig
or
ou

s 
ph

ys
ic
al
 a
ct
iv
ity

,

9 Sedentary Behaviour and Cancer 285



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

ba
se
lin

e.
M
ea
n
fo
llo

w
-

up
11

ye
ar
s

U
ka
w
a

et
al
.,
20

13
.

Ja
pa
n

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
54

,2
58

pa
rt
ic
ip
an
ts

fr
om

Ja
pa
n
C
ol
la
bo

ra
-

tiv
e
C
oh

or
tS

tu
dy

fo
r

E
va
lu
at
io
n
of

C
an
ce
r

R
is
k,

ag
ed
40
–7

9
ye
ar
s

at
ba
se
lin

e.
M
ed
ia
n

fo
llo

w
-u
p
15

.6
ye
ar
s

79
8
pa
rt
ic
ip
an
ts
di
ag
-

no
se
d
w
ith

lu
ng

ca
nc
er
;

da
ta
co
lle
ct
ed

fr
om

ca
nc
er

re
gi
st
ri
es

or
lo
ca
l
m
aj
or

ho
sp
ita
ls

P
re
de
fi
ne
d
ca
te
go

ri
es

fo
r
tim

e
sp
en
tw

at
ch
in
g

T
V

W
om

en
H
R
=

1.
03

(0
.6
7,

1.
62

),
p
tr
en
d
=

0.
40

M
en

H
R
=

1.
36

(1
.0
4,

1.
80

),
p
tr
en
d
=

0.
06

A
ge
,B

M
I,
ed
uc
at
io
n,

m
ar
ita
l
st
at
us
,a
lc
oh

ol
in
ta
ke
,s
m
ok

in
g,

in
ta
ke

of
gr
ee
n
le
af
y

ve
ge
ta
bl
es
,o

ra
ng

es
an
d
ot
he
r
fr
ui
ts
.

W
al
ki
ng

tim
e
no

t
in
cl
ud

ed
as

it
di
d
no

t
m
ak
e
m
ea
ni
ng

fu
l
co
n-

tr
ib
ut
io
n
to

m
od

el

S
te
in
do

rf
et
al
.,
20

06
.

N
in
e

E
ur
op

ea
n

co
un

tr
ie
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
41

6,
22

7
pa
rt
ic
ip
an
ts

fr
om

E
P
IC
,m

os
tly

ag
ed

35
–7
0
ye
ar
s
at

ba
se
lin

e.
M
ea
n
fo
llo

w
-

up
6.
3
ye
ar
s

10
83

in
ci
de
nt

lu
ng

ca
nc
er
s
id
en
tifi

ed
th
ro
ug

h
ca
nc
er

re
gi
s-

tr
ie
s
or

by
ac
tiv

e
fo
l-

lo
w
-u
p

P
re
de
fi
ne
d
ca
te
go

ri
es

fo
r
cu
rr
en
t
oc
cu
pa
-

tio
na
l
ac
tiv

ity
(s
itt
in
g,

st
an
di
ng

,m
an
ua
l/

he
av
y
m
an
ua
l)
.H

R
s

pr
es
en
te
d
he
re

as
st
an
di
ng

(r
ef
.)
vs

si
tti
ng

W
om

en
R
R
=

0.
88

(0
.6
4,

1.
20

)
M
en

R
R
=

0.
74

(0
.5
6,

0.
98

)

A
ge
,s
tu
dy

C
en
tr
e,

sm
ok

in
g,

w
ei
gh

t,
he
ig
ht
,e
du

ca
tio

n,
to
ta
l

en
er
gy

in
ta
ke

w
ith

ou
t

en
er
gy

fr
om

al
co
ho

l,
al
co
ho

l
in
ta
ke
,f
ru
it

in
ta
ke
,v

eg
et
ab
le

in
ta
ke
,r
ed
/p
ro
ce
ss
ed

m
ea
t
in
ta
ke
,o

cc
up

a-
tio

na
le
xp

os
ur
e
to
lu
ng

ca
rc
in
og

en
s,

no
n-
oc
cu
pa
tio

na
l

ph
ys
ic
al
ac
tiv

ity

da
y)
, a
nd

 (
ii)
 s
itt
in
g 

du
ri
ng

 a
 ty

pi
ca
l 
24

 h
 

pe
ri
od

 i
n 
pa
st
 

12
 m

on
th
s 
(<

3 
[r
ef
.]
, 

3–
4,
 ≥
5 
h/
da
y)

H
R
 =

 1
.2
8 
(0
.9
6,
 

1.
72

),
 p
 tr
en
d 
=
 0
.2
3

al
co
ho

l 
in
ta
ke
, t
ot
al
 

ca
lo
ri
c 
in
ta
ke

286 C. T. V. Swain et al.



(c
on

tin
ue
d)

B
ak
 

et
 a
l.,
 2
00

5.
 

D
en
m
ar
k 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
54

,4
22

 p
ar
tic
ip
an
ts
 

fr
om

 t
he
 D

an
is
h 
D
ie
t, 

C
an
ce
r 
an
d 
H
ea
lth

 
co
ho

rt
, a
ge
d 

50
–6
4 
ye
ar
s 
at
 b
as
el
in
e 

36
7 
in
ci
de
nt
 l
un

g 
ca
n-

ce
rs
 i
de
nt
ifi
ed
 t
hr
ou

gh
 

th
e 
D
an
is
h 
C
an
ce
r 

R
eg
is
tr
y 

P
re
de
fi
ne
d 
ca
te
go

ri
es
 

of
 o
cc
up

at
io
na
l a
ct
iv
ity

 
(s
itt
in
g,
 s
ta
nd

in
g,
 l
ig
ht
 

ac
tiv

ity
, h

ea
vy

 a
ct
iv
ity

, 
no

t w
or
ki
ng

).
 H

R
s 

pr
es
en
te
d 
he
re
 a
s 

st
an
di
ng

 (r
ef
.)
 v
s 
si
tti
ng

 

W
om

en
 

IR
R
 =

 0
.5
8 
(0
.3
7,
 

0.
93

) 
M
en
 

IR
R
 =

 0
.6
0 
(0
.3
8,
 

0.
94

) 

L
ei
su
re
-t
im

e 
ph

ys
ic
al
 

ac
tiv

ity
, s
m
ok

in
g,
 

sc
ho

ol
 e
du

ca
tio

n,
 f
ru
it 

an
d 
ve
ge
ta
bl
e 
in
ta
ke
, 

oc
cu
pa
tio

na
l 
ex
po

su
re
 

to
 lu

ng
 c
ar
ci
no

ge
ns
. 

A
ge
 a
s 
un

de
rl
yi
ng

 
tim

e 
sc
al
e 

M
el
an

om
a 

H
un

te
r 

et
 a
l.,
 2
02

0.
 

U
ni
te
d 

K
in
gd

om
 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
47

0,
57

8 
ad
ul
ts
 a
ge
d 

be
tw
ee
n 
40

–6
9 
ye
ar
s 

fr
om

 t
he
 U

K
 B
io
ba
nk

 
st
ud

y 

16
35

 c
as
es
 o
f 
m
el
a-

no
m
a/
sk
in
 c
an
ce
r 
id
en
-

tifi
ed
 v
ia
 c
an
ce
r 

re
gi
st
ry
 l
in
ka
ge
 

T
V
 ti
m
e 
ca
te
go

ri
se
d 
as
 

≤
1,
 1
–≤

3 
(r
ef
.)
, 3

–≤
5,
 

>
5 
h/
da
y 

H
R
 =

 1
.0
1 
(0
.9
0,
 

1.
29

) 
A
ge
, s
ex
, e
th
ni
ci
ty
, 

de
pr
iv
at
io
n 
in
de
x,
 

ed
uc
at
io
n,
 f
ru
it 
an
d 

ve
ge
ta
bl
e,
 B
M
I,
 

he
ig
ht
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke
 

P
at
el
 

et
 a
l.,
 2
01

5.
 

U
ni
te
d 
S
ta
te
s 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
14

6,
72

2 
pa
rt
ic
ip
an
ts
 o
f 

th
e 
A
C
S
 C
P
S
-I
I 
N
ut
ri
-

tio
n 
C
oh

or
t, 
ag
ed
 

50
–7
4 
at
 e
nr
ol
m
en
t. 

M
ea
n 
fo
llo

w
-u
p 

15
.8
 y
ea
rs
 

11
54

 m
el
an
om

a 
ca
se
s 

id
en
tifi

ed
 b
y 
se
lf
-r
ep
or
t 

(v
er
ifi
ed
 t
hr
ou

gh
 m

ed
i-

ca
l 
re
co
rd
s,
 c
an
ce
r 
re
g-

is
tr
ie
s 
or
 N

at
io
na
l 

D
ea
th
 I
nd

ex
) 

L
ei
su
re
-t
im

e 
si
tti
ng

 
(T
V
, r
ea
di
ng

, e
tc
) 

ca
te
go

ri
se
d 
as
 0
–<

3 
(r
ef
.)
, 3

–5
, o

r 
≥
6 
h/
da
y 

W
om

en
 

R
R
 =

 0
.9
9 
(0
.7
9,
 

1.
25

) 
M
en
 

R
R
 =

 1
.0
5 
(0
.8
8,
 

1.
24

) 

A
ge
, p

hy
si
ca
l 
ac
tiv

ity
 

(e
xe
rc
is
e,
 d
ai
ly
-l
if
e,
 

ho
us
ek
ee
pi
ng

),
 r
ac
e,
 

sm
ok

in
g 
st
at
us
, d

ur
a-

tio
n 
an
d 
fr
eq
ue
nc
y 
of
 

sm
ok

in
g 
am

on
g 
cu
r-

re
nt
 s
m
ok

er
s,
 y
ea
rs
 

si
nc
e 
qu

itt
in
g 
am

on
g 

fo
rm

er
 s
m
ok

er
s,
 e
du

-
ca
tio

n,
 a
lc
oh

ol
 i
nt
ak
e,
 

to
ta
l 
en
er
gy

 i
nt
ak
e,
 

re
d/
pr
oc
es
se
d 
m
ea
t 

in
ta
ke
, f
am

ily
 h
is
to
ry
 

of
 c
an
ce
r,
 p
re
va
le
nt
 

ch
ro
ni
c 
di
se
as
e,
 d
ia
-

be
te
s,
 m

en
op

au
sa
l 
st
a-

tu
s 
(w

om
en
),

9 Sedentary Behaviour and Cancer 287



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

M
ul
tip

le
m
ye
lo
m
a

P
at
el

et
al
.,
20

15
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
14

6,
72

2
pa
rt
ic
ip
an
ts
of

th
e
A
C
S
C
P
S
-I
I
N
ut
ri
-

tio
n
C
oh

or
t,
ag
ed

50
–7
4
at
en
ro
lm

en
t.

M
ea
n
fo
llo

w
-u
p

15
.8

ye
ar
s

41
4
m
ul
tip

le
m
ye
lo
m
a

ca
se
s
id
en
tifi

ed
by

se
lf
-

re
po

rt
(v
er
ifi
ed

th
ro
ug

h
m
ed
ic
al
re
co
rd
s,
ca
nc
er

re
gi
st
ri
es

or
N
at
io
na
l

D
ea
th

In
de
x)

L
ei
su
re
-t
im

e
si
tti
ng

(T
V
,r
ea
di
ng

,e
tc
)

ca
te
go

ri
se
d
as

0–
<
3

(r
ef
.)
,3

–5
,o

r
≥
6
h/
da
y

W
om

en
R
R
=

1.
65

(1
.0
7,

2.
54

)
M
en

R
R
=

1.
00

(0
.6
8,

1.
45

)

A
ge
,p

hy
si
ca
l
ac
tiv

ity
(e
xe
rc
is
e,
da
ily

-l
if
e,

ho
us
ek
ee
pi
ng

),
ra
ce
,

sm
ok

in
g
st
at
us
,d

ur
a-

tio
n
an
d
fr
eq
ue
nc
y
of

sm
ok

in
g
am

on
g
cu
r-

re
nt

sm
ok

er
s,
ye
ar
s

si
nc
e
qu

itt
in
g
am

on
g

fo
rm

er
sm

ok
er
s,
ed
u-

ca
tio

n,
al
co
ho

l
in
ta
ke
,

to
ta
l
en
er
gy

in
ta
ke
,

re
d/
pr
oc
es
se
d
m
ea
t

in
ta
ke
,f
am

ily
hi
st
or
y

of
ca
nc
er
,p

re
va
le
nt

ch
ro
ni
c
di
se
as
e,
di
a-

be
te
s,
m
en
op

au
sa
l
st
a-

tu
s
(w

om
en
),

po
st
m
en
op

au
sa
l
ho

r-
m
on

e
us
e
(w

om
en
),

en
do

sc
op

y
sc
re
en
in
g,

B
M
I

po
st
m
en
op

au
sa
l 
ho

r-
m
on

e 
us
e 
(w

om
en
),
 

en
do

sc
op

y 
sc
re
en
in
g,
 

B
M
I

288 C. T. V. Swain et al.



(c
on

tin
ue
d)

M
ye
lo
id
 m

al
ig
na

nc
ie
s 

R
ee
s-
P
un

ia
 

et
 a
l.,
 2
01

9.
 

U
ni
te
d 

S
ta
te
s 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
10

9,
03

0 
pa
rt
ic
ip
an
ts
 o
f 

th
e 
C
P
S
-I
I 
N
ut
ri
tio

n 
C
oh

or
t, 
ag
ed
 

50
–7
4 
ye
ar
s 
at
 e
nr
ol
-

m
en
t. 
M
ea
n 
fo
llo

w
-u
p 

10
.0
 y
ea
rs
 

25
5 
m
ye
lo
id
 le
uk

ae
m
ia
 

ca
se
s 
di
ag
no

se
d 

(a
cu
te
 =

 1
55

 a
cu
te
 

m
ye
lo
id
 l
eu
ka
em

ia
) 

id
en
tifi

ed
 t
hr
ou

gh
 

lin
ke
d 
w
ith

 N
at
io
na
l 

D
ea
th
 I
nd

ex
 a
nd

 s
ub

-
se
qu

en
tly

 v
ia
 s
ta
te
 

tu
m
ou

r 
re
gi
st
ri
es
 

L
ei
su
re
-t
im

e 
si
tti
ng

 
(T
V
, r
ea
di
ng

, e
tc
) 

ca
te
go

ri
se
d 
as
 <

3 
(r
ef
.)
, 3

–5
, o

r 
≥
6 
h/
da
y 

M
ye
lo
id
 le
uk

ae
m
ia
 

H
R
 =

 1
.2
8 
(0
.8
9,
 

1.
85

) 
A
cu
te
 m

ye
lo
id
 le
u-

ka
em

ia
 

H
R
 =

 1
.0
0 
(0
.8
9,
 

1.
85

) 

A
ge
, s
ex
, r
ac
e/
et
hn

ic
-

ity
, e
du

ca
tio

n,
 a
lc
oh

ol
 

us
e,
 p
es
tic
id
e 
ex
po

-
su
re
, f
or
m
al
de
hy

de
 

ex
po

su
re
, s
m
ok

in
g 

st
at
us
/d
ur
at
io
n/
fr
e-

qu
en
cy
, B

M
I 

N
on

-H
od

gk
in
 ly
m
ph

om
a 

H
un

te
r 

et
 a
l.,
 2
02

0.
 

U
ni
te
d 

K
in
gd

om
 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
47

0,
57

8 
ad
ul
ts
 a
ge
d 

be
tw
ee
n 
40

 a
nd

 
69

 y
ea
rs
 f
ro
m
 t
he
 U
K
 

B
io
ba
nk

 s
tu
dy

 

11
93

 c
as
es
 i
de
nt
ifi
ed
 

vi
a 
ca
nc
er
 r
eg
is
tr
y 

lin
ka
ge
 

T
V
 ti
m
e 
ca
te
go

ri
se
d 
as
 

≤
1,
 1
–≤

3 
(r
ef
.)
, 3

–≤
5,
 

>
5 
h/
da
y 

H
R
 =

 0
.8
5 
(0
.6
5,
 

1.
26

) 
A
ge
, s
ex
, e
th
ni
ci
ty
, 

de
pr
iv
at
io
n 
in
de
x,
 

ed
uc
at
io
n,
 f
ru
it 
an
d 

ve
ge
ta
bl
e,
 B
M
I,
 

he
ig
ht
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke
 

P
at
el
 

et
 a
l.,
 2
01

5.
 

U
S
A
. 

A
ft
er
 T
er
as
 

et
 a
l.,
 2
01

2 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
14

6,
72

2 
pa
rt
ic
ip
an
ts
 

fr
om

 t
he
 C
P
S
-I
I 
nu

tr
i-

tio
n 
co
ho

rt
, a
ge
d 

50
–7
4 
at
 e
nr
ol
m
en
t. 

M
ea
n 
fo
llo

w
-u
p 

15
.8
 y
ea
rs
 

17
28

 n
on

-H
od

gk
in
 

ly
m
ph

om
a 
ca
se
s 
id
en
-

tifi
ed
 b
y 
se
lf
-r
ep
or
t 

(v
er
ifi
ed
 b
y 
st
at
e 
ca
nc
er
 

re
gi
st
ri
es
 o
r 
m
ed
ic
al
 

re
co
rd
s)
 o
r 
th
ro
ug

h 
N
at
io
na
l 
D
ea
th
 I
nd

ex
 

L
ei
su
re
-t
im

e 
si
tti
ng

 
(T
V
, r
ea
di
ng

, e
tc
) 

ca
te
go

ri
se
d 
as
 <

3 
(r
ef
.)
, 3

–5
, o

r 
≥
6 
h/
da
y 

W
om

en
 

R
R
 =

 1
.0
7 
(0
.8
6,
 

1.
35

) 
M
en
 

R
R
 =

 1
.0
4 
(0
.8
6,
 

1.
25

) 

A
ge
, p

hy
si
ca
l 
a c
tiv

ity
 

(e
xe
rc
is
e,
 d
ai
ly
-l
if
e,
 

ho
us
ek
ee
pi
ng

),
 r
ac
e,
 

sm
ok

in
g 
st
at
us
, d

ur
a-

tio
n 
an
d 
fr
eq
ue
nc
y 
of
 

sm
ok

in
g 
am

on
g 
cu
r-

re
nt
 s
m
ok

er
s,
 y
ea
rs
 

si
nc
e 
qu

itt
in
g 
am

on
g 

fo
rm

er
 s
m
ok

er
s,
 e
du

-
ca
tio

n,
 a
lc
oh

ol
 i
nt
ak
e,
 

to
ta
l 
en
er
gy

 i
nt
ak
e,
 

re
d/
pr
oc
es
se
d 
m
ea
t 

in
ta
ke
, f
am

ily
 h
is
to
ry
 

of
 c
an
ce
r,
 p
re
va
le
nt
 

ch
ro
ni
c 
di
se
as
e,

9 Sedentary Behaviour and Cancer 289



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

O
va
ri
an

ca
nc
er

H
un

te
r

et
al
.,
20

20
.

U
ni
te
d

K
in
gd

om

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
25

3,
18

8
fe
m
al
es

ag
ed

be
tw
ee
n
40

an
d

69
ye
ar
s
fr
om

th
e
U
K

B
io
ba
nk

st
ud

y

57
8
ca
se
s
of

ov
ar
ia
n

ca
nc
er

id
en
tifi

ed
vi
a

ca
nc
er

re
gi
st
ry

lin
ka
ge

T
V
tim

e
ca
te
go

ri
se
d
as

≤
1,

1–
≤
3
(r
ef
.)
,3

–≤
5,

>
5
h/
da
y

H
R
=

0.
93

(0
.6
3,

1.
38

)
A
ge
,s
ex
,e
th
ni
ci
ty
,

de
pr
iv
at
io
n
in
de
x,

ed
uc
at
io
n,

fr
ui
t
an
d

ve
ge
ta
bl
e,
B
M
I,

he
ig
ht
,s
m
ok

in
g
st
a-

tu
s,
al
co
ho

li
nt
ak
e

Ih
ir
a

et
al
.,
20

20
.

Ja
pa
n

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
13

,2
77

w
om

en
in
Ja
pa
n

P
ub

lic
H
ea
lth

C
en
te
r-

ba
se
d
P
ro
sp
ec
tiv

e
S
tu
dy

,a
ge
d
50

–7
9
at

en
ro
lm

en
t.
M
ea
n

fo
llo

w
-u
p
10

.2
ye
ar
s

24
w
om

en
di
ag
no

se
d

w
ith

ov
ar
ia
n
ca
nc
er
;

id
en
tifi

ed
vi
a

po
pu

la
tio

n-
ba
se
d
ca
n-

ce
r
re
gi
st
ri
es

or
lo
ca
l

m
aj
or

ho
sp
ita
l
re
co
rd
s

O
cc
up

at
io
na
ls
itt
in
g

tim
e,
ca
te
go

ri
se
d
as

<
1,

1–
<
3
(r
ef
.)
,3

–<
5,

5–
<
7,

≥
7
h/
da
y

W
om

en
R
R
=

1.
51

(0
.4
8,

4.
72

)

A
ge
,a
re
a,
hi
st
or
y
of

di
ab
et
es
,s
m
ok

in
g
st
a-

tu
s,
al
co
ho

li
nt
ak
e,

B
M
I,
co
ff
ee
,w

al
ki
ng

tim
e
at
w
or
k,

st
re
nu

-
ou

s
tim

e
at
w
or
k)
,

m
od

er
at
e-
to
-v
ig
or
ou

s
ph

ys
ic
al
ac
tiv

ity
tim

e
in

le
is
ur
e
tim

e,
ty
pe

of
jo
b
an
d
to
ta
l
w
or
ki
ng

ho
ur
s

U
ka
w
a

et
al
.,
20

18
.

Ja
pa
n

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
34

,7
58

w
om

en
in

th
e

Ja
pa
n
C
ol
la
bo

ra
tiv

e
C
oh

or
tS

tu
dy

fo
r
E
va
l-

ua
tio

n
of

C
an
ce
r
R
is
k

(J
A
C
C
S
tu
dy

),
ag
ed

di
ab
et
es
, m

en
op

au
sa
l 

st
at
us
 (
w
om

en
),
 p
os
t-

m
en
op

au
sa
l 
ho

rm
on

e 
us
e 
(w

om
en
),
 B
M
I 

59
 w

om
en
 d
ia
gn

os
ed
 

w
ith

 o
va
ri
an
 c
an
ce
r,
 

id
en
tifi

ed
 v
ia
 

po
pu

la
tio

n-
ba
se
d

T
im

e 
sp
en
t w

at
ch
in
g 

T
V
, c
at
eg
or
is
ed
 a
s 
<
2 

(r
ef
.)
,2
–2

.9
, 3

–3
.9
, 

4–
4.
9 
or
 5
 h
/d
ay
 

R
R
 =

 1
.8
1(
0.
75

, 
4.
39

) 
A
ge
, a
ge
 o
f 
m
en
ar
ch
e,
 

B
M
I,
 p
ar
ity

, f
am

ily
 

hi
st
or
y 
of
 b
re
as
t/o

va
r-

ia
n/
pr
os
ta
te
 c
an
ce
r,
 

ed
uc
at
io
n 
le
ve
l, 
sl
ee
p

290 C. T. V. Swain et al.



40
–7
9
ye
ar
s
at
en
ro
l-

m
en
t.
M
ed
ia
n
fo
llo

w
-

up
19

.4
ye
ar
s

H
ild

eb
ra
nd

et
al
.,
20

15
.

U
S
A
.

A
ft
er

P
at
el

et
al
.,
20

15
.

P
at
el
et
al
.,

20
06

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
63

,9
72

w
om

en
fr
om

th
e
C
P
S
-I
I
N
ut
ri
tio

n
C
oh

or
t,
ag
ed

50
–7
4
ye
ar
s
ba
se
lin

e.
M
ea
n
fo
llo

w
-u
p

19
ye
ar
s

63
8
ov

ar
ia
n
ca
nc
er

ca
se
s
id
en
tifi

ed
by

se
lf
-

re
po

rt
(v
er
ifi
ed

by
st
at
e

ca
nc
er

re
gi
st
ri
es

or
m
ed
ic
al
re
co
rd
s)
or

th
ro
ug

h
N
at
io
na
lD

ea
th

In
de
x

L
ei
su
re
-t
im

e
si
tti
ng

(T
V
,r
ea
di
ng

,e
tc
)

ca
te
go

ri
se
d
as

0–
<
3

(r
ef
.)
,3

–5
,o

r
≥
6
h/
da
y

T
ot
al
ov

ar
ia
n
ca
nc
er

R
R
=

1.
44

(1
.1
2,

1.
85

),
p
tr
en
d
=
0.
00

6

S
er
ou

s
ov

ar
ia
n
ca
n-

ce
r

R
R
=

1.
52

(1
.0
6,

2.
16

),
p
tr
en
d
=

0.
01

N
on

-s
er
ou

s
ov

ar
ia
n

ca
nc
er

R
R
=

1.
08

(0
.5
7,

2.
04

),
p
tr
en
d
0.
83

A
ge
,e
du

ca
tio

n,
B
M
I,

sm
ok

in
g
st
at
us
,n

um
-

be
r
of

liv
e
bi
rt
hs
,u

se
of

O
C
pi
ll,

po
st
m
en
o-

pa
us
al
ho

rm
on

e
us
e

(t
im

e
de
pe
nd

en
t)

L
ee

et
al
.,
20

13
.

C
hi
na

C
as
e
co
n-

tr
ol

st
ud

y
50

0
ca
se
s
an
d
50

0
co
n-

tr
ol
s
ag
ed

<
75

ye
ar
s

re
si
di
ng

in
G
ua
ng

zh
o

H
is
to
lo
gi
ca
lly

co
n-

fi
rm

ed
in
ci
de
nt

ep
ith

e-
lia
l
ov

ar
ia
n
ca
nc
er

S
itt
in
g
tim

e
ca
te
go

ri
se
d

as
≤
4
(r
ef
.)
,4

.5
–8
,

≥
8.
5
h/
da
y

O
R
=

1.
07

(0
.7
7,

1.
48

)
A
ge
,p

ar
ity

,o
ra
lc
on

-
tr
ac
ep
tiv

e
us
e,
B
M
I,

m
en
op

au
sa
l
st
at
us
,

ed
uc
at
io
n
le
ve
l,

sm
ok

in
g
st
at
us
,f
am

ily
hi
st
or
y
of

ov
ar
ia
n
or

br
ea
st
ca
nc
er

X
ia
o

et
al
.,
20

13
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
95

,7
68

w
om

en
fr
om

th
e
N
IH

-A
A
R
P
D
ie
t

an
d
H
ea
lth

S
tu
dy

,a
ge
d

50
–7
1
ye
ar
s
at
ba
se
lin

e

75
3
in
ci
de
nt

ca
se
s
of

ov
ar
ia
n
ca
nc
er

id
en
ti-

fi
ed

th
ro
ug

h
lin

ka
ge

to
11

st
at
e
ca
nc
er

re
gi
st
ri
es

P
re
de
fi
ne
d
ca
te
go

ri
es

fo
r
(i
)
tim

e
sp
en
t

w
at
ch
in
g
T
V
or

vi
de
os

(<
3
[r
ef
.]
,3

–4
,5

–6
,

≥
7
h/
da
y)
,a
nd

(i
i)
si
tti
ng

du
ri
ng

a
ty
pi
ca
l
24

h
pe
ri
od

in
pa
st
12

m
on

th
s
(<

3

(c
on

tin
ue
d)

ca
nc
er
 r
eg
is
tr
ie
s 
or
 

lo
ca
l 
m
aj
or
 h
os
pi
ta
l 

re
co
rd
s

du
ra
tio

n,
 a
lc
oh

ol
 

in
ta
ke
, h

or
m
on

e 
us
e,
 

sm
ok

in
g 
st
at
us
, w

al
k-

in
g 
tim

e,
 a
ge
 o
f 

m
en
op

au
se
 

T
V
: 
R
R
 =

 1
.0
2 

(0
.6
7,
 1
.5
5)
 

T
ot
al
 s
itt
in
g:
 

R
R
 =

 1
.0
6 
(0
.8
1,
 

1.
39

) 

A
ge
, p

ar
ity

, a
ge
 a
t 

m
en
ar
ch
e,
 a
ge
 a
t 

m
en
op

au
se
, r
ac
e,
 e
du

-
ca
tio

n,
 m

ar
ita
l 
st
at
us
, 

or
al
 c
on

tr
ac
ep
tiv

e 
us
e,
 

M
H
T
 u
se
, s
m
ok

in
g.
 

A
dd

iti
on

al
 a
dj
us
tm

en
t

9 Sedentary Behaviour and Cancer 291



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

[r
ef
.]
,3

–4
,5

–6
,≥

7
h/

da
y)

Z
ha
ng

et
al
.,
20

04
.

C
hi
na

C
as
e-
co
n-

tr
ol

st
ud

y
25

4
w
om

en
un

de
r

75
re
ce
nt
ly

tr
ea
te
d
fo
r

ov
ar
ia
n
ca
nc
er

in
ho

s-
pi
ta
ls
in

H
an
gz
ho

u,
C
hi
na
,a
nd

65
2
ag
e-
m
at
ch
ed

co
nt
ro
ls

E
pi
th
el
ia
l
ov

ar
ia
n
ca
n-

ce
r
hi
st
ol
og

ic
al
ly

di
ag
-

no
se
d
in

pa
st
th
re
e

ye
ar
s

N
um

be
r
of

ho
ur
s
sp
en
t

in
va
ri
et
y
of

si
tti
ng

ta
sk
s
fi
ve

ye
ar
s
ag
o

re
ca
lle
d.

C
al
en
da
rs

w
er
e
us
ed

to
as
si
st

re
ca
ll.
T
ot
al
si
tti
ng

tim
e

su
m
m
ed

an
d

ca
te
go

ri
se
d
(<

4
[r
ef
.]
,

4–
10

,>
10

h/
da
y)

T
V
:O

R
=

3.
39

(1
.0
,

11
.5
),
p
tr
en
d
=

0.
88

T
ot
al
si
tti
ng

:
O
R
=
1.
77

(1
.0
,3
.1
),

p
tr
en
d
=

0.
08

A
ge
,l
oc
al
ity

,e
du

ca
-

tio
n,

fa
m
ily

in
co
m
e,

B
M
I,
sm

ok
in
g,

al
co
-

ho
l
co
ns
um

pt
io
n,

te
a

co
ns
um

pt
io
n,

ph
ys
ic
al

ac
tiv

ity
,m

ar
ita
ls
ta
tu
s,

m
en
op

au
sa
l
st
at
us
,

pa
ri
ty
,o

ra
l
co
nt
ra
ce
p-

tiv
e
us
e,
tu
ba
ll
ig
at
io
n,

ho
rm

on
e
re
pl
ac
em

en
t

th
er
ap
y,

ov
ar
ia
n
ca
n-

ce
r
in

fi
rs
t
de
gr
ee

re
l-

at
iv
es
,t
ot
al
en
er
gy

in
ta
ke

P
an

cr
ea
tic

ca
nc
er

H
un

te
r

et
al
.,
20

20
.

U
ni
te
d

K
in
gd

om

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
47

0,
57

8
ad
ul
ts
ag
ed

be
tw
ee
n
40

an
d

69
ye
ar
s
fr
om

th
e
U
K

B
io
ba
nk

st
ud

y

61
5
pa
nc
re
at
ic
ca
nc
er

ca
se
s
id
en
tifi

ed
vi
a

ca
nc
er

re
gi
st
ry

lin
ka
ge

T
V
tim

e
ca
te
go

ri
se
d
as

≤
1,

1–
≤
3
(r
ef
.)
,3

–≤
5,

>
5
h/
da
y

H
R
=

1.
07

(0
.7
7,

1.
49

)
A
ge
,s
ex
,e
th
ni
ci
ty
,

de
pr
iv
at
io
n
in
de
x,

ed
uc
at
io
n,

fr
ui
t
an
d

ve
ge
ta
bl
e,
B
M
I,

he
ig
ht
,s
m
ok

in
g
st
a-

tu
s,
al
co
ho

li
nt
ak
e

Ih
ir
a

et
al
.,
20

20
.

Ja
pa
n

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
13

,2
77

w
om

en
an
d

20
,0
30

m
en

in
Ja
pa
n

P
ub

lic
H
ea
lth

C
en
te
r-

ba
se
d
P
ro
sp
ec
tiv

e

fo
r 
M
V
P
A
 a
nd

 B
M
I 

(d
at
a 
no

t 
sh
ow

n)
 

39
 w

om
en
 a
nd

 7
6 
m
en
 

di
ag
no

se
d 
w
ith

 p
an
cr
e-

at
ic
 c
an
ce
r;
 i
de
nt
ifi
ed
 

vi
a 
po

pu
la
tio

n-
ba
se
d

O
cc
up

at
io
na
l s
itt
in
g 

tim
e,
 c
at
eg
or
is
ed
 a
s 

<
1,
 1
–<

3 
(r
ef
.)
, 3

–<
5,
 

5–
<
7,
 ≥
7 
h/
da
y 

W
om

en
 

R
R
 =

 0
.9
0 
(0
.2
6,
 

3.
07

) 
M
en

A
ge
, a
re
a,
 h
is
to
ry
 o
f 

di
ab
et
es
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke
, 

B
M
I,
 c
of
fe
e,
 w

al
ki
ng

292 C. T. V. Swain et al.



S
tu
dy

,a
ge
d
50

–7
9
at

en
ro
lm

en
t.
M
ea
n

fo
llo

w
-u
p
10

.2
ye
ar
s

P
at
el

et
al
.,
20

15
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
14

6,
72

2
pa
rt
ic
ip
an
ts
of

th
e
A
C
S
C
P
S
-I
I
N
ut
ri
-

tio
n
C
oh

or
t,
ag
ed

50
–7
4
at
en
ro
lm

en
t.

M
ea
n
fo
llo

w
-u
p

15
.8

ye
ar
s

42
5
m
el
an
om

a
ca
se
s

id
en
tifi

ed
by

se
lf
-r
ep
or
t

(v
er
ifi
ed

th
ro
ug

h
m
ed
i-

ca
l
re
co
rd
s,
ca
nc
er

re
g-

is
tr
ie
s
or

N
at
io
na
l

D
ea
th

In
de
x)

L
ei
su
re
-t
im

e
si
tti
ng

(T
V
,r
ea
di
ng

,e
tc
)

ca
te
go

ri
se
d
as

0–
<
3

(r
ef
.)
,3

–5
,o

r
≥
6
h/
da
y

W
om

en
R
R
=

1.
02

(0
.7
3,

1.
41

)
M
en

R
R
=

1.
14

(0
.8
7,

1.
49

)

A
ge
,p

hy
si
ca
l
ac
tiv

ity
(e
xe
rc
is
e,
da
ily

-l
if
e,

ho
us
ek
ee
pi
ng

),
ra
ce
,

sm
ok

in
g
st
at
us
,d

ur
a-

tio
n
an
d
fr
eq
ue
nc
y
of

sm
ok

in
g
am

on
g
cu
r-

re
nt

sm
ok

er
s,
ye
ar
s

si
nc
e
qu

itt
in
g
am

on
g

fo
rm

er
sm

ok
er
s,
ed
u-

ca
tio

n,
al
co
ho

l
in
ta
ke
,

to
ta
l
en
er
gy

in
ta
ke
,

re
d/
pr
oc
es
se
d
m
ea
t

in
ta
ke
,f
am

ily
hi
st
or
y

of
ca
nc
er
,p

re
va
le
nt

ch
ro
ni
c
di
se
as
e,
di
a-

be
te
s,
m
en
op

au
sa
l
st
a-

tu
s
(w

om
en
),

po
st
m
en
op

au
sa
l
ho

r-
m
on

e
us
e
(w

om
en
),

en
do

sc
op

y
sc
re
en
in
g,

B
M
I

P
ro
st
at
e
ca
nc
er

H
un

te
r

et
al
.,
20

20
.

(c
on

tin
ue
d)

ca
nc
er
 r
eg
is
tr
ie
s 
or
 

lo
ca
l 
m
aj
or
 h
os
pi
ta
l 

re
co
rd
s

R
R
 =

 2
.2
5 
(1
.1
7,
 

4.
34

)
tim

e 
at
 w

or
k,
 s
tr
en
u-

ou
s 
tim

e 
at
 w

or
k)
, 

m
od

er
at
e-
to
-v
ig
or
ou

s 
ph

ys
ic
al
 a
ct
iv
ity

 t
im

e 
in
 le
is
ur
e 
tim

e,
 ty

pe
 o
f 

jo
b 
an
d 
to
ta
l 
w
or
ki
ng

 
ho

ur
s 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
21

7,
39

0 
ad
ul
ts
 a
ge
d 

be
tw
ee
n 
40

 a
nd

59
79

 p
ro
st
at
e 
ca
nc
er
 

ca
se
s 
id
en
tifi

ed
 v
ia
 

ca
nc
er
 r
eg
is
tr
y 
lin

ka
ge
 

T
V
 ti
m
e 
ca
te
go

ri
se
d 
as
 

≤
1,
 1
–≤

3 
(r
ef
.)
, 3

–≤
5,
 

>
5 
h/
da
y 

H
R
 =

 0
.9
4 
(0
.8
3,
 

1.
38

) 
A
ge
, s
ex
, e
th
ni
ci
ty
, 

de
pr
iv
at
io
n 
in
de
x,
 

ed
uc
at
io
n,
 f
ru
it 
an
d

9 Sedentary Behaviour and Cancer 293



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

U
ni
te
d

K
in
gd

om

Ih
ir
a

et
al
.,
20

20
.

Ja
pa
n

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
20

,0
30

m
en

in
Ja
pa
n

P
ub

lic
H
ea
lth

C
en
te
r-

ba
se
d
P
ro
sp
ec
tiv

e
S
tu
dy

,a
ge
d
50

–7
9
at

en
ro
lm

en
t.
M
ea
n

fo
llo

w
-u
p
10

.2
ye
ar
s

52
1
m
en

di
ag
no

se
d

w
ith

pr
os
ta
te
ca
nc
er
;

id
en
tifi

ed
vi
a

po
pu

la
tio

n-
ba
se
d
ca
n-

ce
r
re
gi
st
ri
es

or
lo
ca
l

m
aj
or

ho
sp
ita
l
re
co
rd
s

O
cc
up

at
io
na
ls
itt
in
g

tim
e,
ca
te
go

ri
se
d
as

<
1,

1–
<
3
(r
ef
.)
,3

–<
5,

5–
<
7,

≥
7
h/
da
y

R
R
=

1.
10

(0
.8
4,

1.
45

)
A
ge
,a
re
a,
hi
st
or
y
of

di
ab
et
es
,s
m
ok

in
g
st
a-

tu
s,
al
co
ho

li
nt
ak
e,

B
M
I,
co
ff
ee
,w

al
ki
ng

tim
e
at
w
or
k,

st
re
nu

-
ou

s
tim

e
at
w
or
k)
,

m
od

er
at
e-
to
-v
ig
or
ou

s
ph

ys
ic
al
ac
tiv

ity
tim

e
in

le
is
ur
e
tim

e,
ty
pe

of
jo
b
an
d
to
ta
l
w
or
ki
ng

ho
ur
s

R
an
gu

l
et
al
.,
20

18
.

N
or
w
ay

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
18

,7
77

1
m
en

in
th
e

N
or
d-
T
rø
nd

el
ag

H
ea
lth

S
tu
dy

(H
U
N
T
),
ag
ed

≥
20

ye
ar
s
at
en
ro
lm

en
t.

M
ed
ia
n
fo
llo

w
-u
p

16
ye
ar
s

88
9
m
en

di
ag
no

se
d

w
ith

co
lo
re
ct
al
ca
nc
er
,

id
en
tifi

ed
vi
a
lin

ka
ge

to
th
e
C
an
ce
r
R
eg
is
tr
y
of

N
or
w
ay

T
ot
al
si
tti
ng

tim
e
(s
in
-

gl
e
qu

es
tio

n,
pa
rt
ic
i-

pa
nt
s
pr
om

pt
ed

to
in
cl
ud

e
si
tti
ng

at
w
or
k,

m
ea
lti
m
es
,w

at
ch
in
g

T
V
,s
itt
in
g
in

a
ca
r,

et
c)
,c
at
eg
or
is
ed

as
<
8

(r
ef
.)
or

≥
8
h/
da
y

R
R
=

1.
22

(1
.0
5,

1.
42

)
A
ge
,e
du

ca
tio

n,
sm

ok
in
g,

al
co
ho

l,
B
M
I

V
an

H
oa
ng

et
al
.,
20

18
.

V
ie
tn
am

C
as
e
co
n-

tr
ol

st
ud

y
23

1
m
al
e
ca
se
s
an
d

40
9
m
al
e
co
nt
ro
ls
ag
ed

be
tw
ee
n
64

an
d

75
ye
ar
s
fr
om

H
o
C
hi

M
in

C
ity

.

H
is
to
lo
gi
ca
lly

co
n-

fi
rm

ed
in
ci
de
nt

pr
os
ta
te

ca
nc
er

S
itt
in
g
tim

e
ca
te
go

ri
se
d

as
<
45

.5
(r
ef
.)
,

45
.5
–6

2,
>
62

h/
w
ee
k

O
R
=

1.
40

(0
.8
5,

2.
31

)
A
ge
,a
ge

at
m
ar
ri
ag
e,

B
M
I,
al
co
ho

l
co
n-

su
m
pt
io
n,

to
ta
l
en
er
gy

in
ta
ke
,e
du

ca
tio

n
le
ve
l,
m
ar
ita
l
st
at
us
,

69
 y
ea
rs
 f
ro
m
 t
he
 U
K
 

B
io
ba
nk

 s
tu
dy

ve
ge
ta
bl
e,
 B
M
I,
 

he
ig
ht
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke

294 C. T. V. Swain et al.



sm
ok

in
g
ha
bi
t,
pr
os
-

ta
te
ca
nc
er

in
th
e
fi
rs
t-

de
gr
ee

re
la
tiv

es

P
at
el

et
al
.,
20

15
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
69

,2
60

m
en

fr
om

th
e

A
C
S
C
P
S
-I
I
N
ut
ri
tio

n
C
oh

or
t,
ag
ed

50
–7

4
at

en
ro
lm

en
t.
M
ea
n

fo
llo

w
-u
p
15

.8
ye
ar
s

82
76

in
ci
de
nt

pr
os
ta
te

ca
nc
er
s
(1
70

5
ad
va
nc
ed
)
id
en
tifi

ed
by

se
lf
-r
ep
or
t
(v
er
ifi
ed

by
m
ed
ic
al
re
co
rd
s,
ca
nc
er

re
gi
st
ri
es

or
N
D
I)

L
ei
su
re
-t
im

e
si
tti
ng

(T
V
,r
ea
di
ng

,e
tc
)

ca
te
go

ri
se
d
as

0–
<
3

(r
ef
.)
,3

–5
,o

r
≥
6
h/
da
y

T
ot
al
pr
os
ta
te
ca
nc
er

R
R
=

0.
97

(0
.9
1,

1.
03

)
A
dv

an
ce
d
pr
os
ta
te

ca
nc
er

R
R
=

0.
96

(0
.8
5,

1.
09

)

A
ge
,p

hy
si
ca
l
ac
tiv

ity
(e
xe
rc
is
e,
da
ily

-l
if
e,

ho
us
ek
ee
pi
ng

),
ra
ce
,

sm
ok

in
g
st
at
us
,d

ur
a-

tio
n
an
d
fr
eq
ue
nc
y
of

sm
ok

in
g
am

on
g
cu
r-

re
nt

sm
ok

er
s,
ye
ar
s

si
nc
e
qu

itt
in
g
am

on
g

fo
rm

er
sm

ok
er
s,
ed
u-

ca
tio

n,
al
co
ho

l
in
ta
ke
,

to
ta
l
en
er
gy

in
ta
ke
,

re
d/
pr
oc
es
se
d
m
ea
t

in
ta
ke
,f
am

ily
hi
st
or
y

of
ca
nc
er
,p

re
va
le
nt

ch
ro
ni
c
di
se
as
e,
di
a-

be
te
s,
P
S
A
te
st
in
g,

B
M
I

L
yn

ch
et
al
.,
20

14
.

U
ni
te
d
S
ta
te
s

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
17

0,
48

1
m
en

fr
om

th
e

N
IH

-A
A
R
P
D
ie
t
an
d

H
ea
lth

S
tu
dy

,a
ge
d

51
–7
2
ye
ar
s
at
ri
sk

fa
ct
or

qu
es
tio

nn
ai
re
.

M
ea
n
fo
llo

w
-u
p

8.
5
ye
ar
s

13
,7
51

in
ci
de
nt

pr
os
-

ta
te
ca
nc
er
s
(i
nc
lu
di
ng

13
65

ad
va
nc
ed

ca
se
s;

66
9
de
at
hs

fr
om

pr
os
-

ta
te
ca
nc
er
)
id
en
tifi

ed
th
ro
ug

h
11

st
at
e
ca
nc
er

re
gi
st
ri
es

or
N
at
io
na
l

D
ea
th

In
de
x

P
re
de
fi
ne
d
ca
te
go

ri
es

fo
r
(i
)
tim

e
sp
en
t

w
at
ch
in
g
T
V
or

vi
de
os

(<
1
[r
ef
.]
,1

–2
,3

–4
,

5–
6,

≥
7
h/
da
y)

an
d

(i
i)
si
tti
ng

(<
3
[r
ef
.]
,

3–
4,

5–
6,

7–
8,

≥
9
h/

da
y)

du
ri
ng

a
ty
pi
ca
l

24
-h
ou

r
pe
ri
od

in
pa
st

12
m
on

th
s

T
ot
al
pr
os
ta
te
ca
nc
er

T
V
:
H
R
=

1.
03

(0
.9
2,

1.
15

),
p
tr
en
d
=

0.
53

T
ot
al
si
tti
ng

:
H
R
=

0.
98

(0
.9
1,

1.
05

)
p
tr
en
d
=

0.
09

A
dv

an
ce
d
pr
os
ta
te

ca
nc
er

T
V
:
H
R
=

0.
93

(0
.7
9,

1.
09

)
p
tr
en
d
=

0.
49

(c
on

tin
ue
d)

A
ge
, a
ge
 s
qu

ar
ed
, 

ra
ce
, m

ar
ita
l 
st
at
us
, 

ed
uc
at
io
n,
 f
am

ily
 h
is
-

to
ry
 o
f p

ro
st
at
e 
ca
nc
er
, 

D
R
E
 i
n 
pa
st
 3
 y
ea
rs
, 

P
S
A
 in

 p
as
t 
3 
ye
ar
s,
 

hi
st
or
y 
of
 d
ia
be
te
s,
 

sm
ok

in
g,
 c
al
or
ic
 

in
ta
ke
, a
lc
oh

ol
 i
nt
ak
e,
 

re
cr
ea
tio

na
l 
ph

ys
ic
al
 

ac
tiv

ity
, B

M
I

9 Sedentary Behaviour and Cancer 295



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

T
ot
al
si
tti
ng

:
H
R
=

0.
91

(0
.7
7,

1.
08

)
p
tr
en
d
=

0.
16

F
at
al
pr
os
ta
te
ca
nc
er

T
V
:
H
R
=

1.
07

(0
.8
5,

1.
33

)
p
tr
en
d
=

0.
15

T
ot
al
si
tti
ng

:
H
R
=

1.
07

(0
.8
4,

1.
35

)
p
tr
en
d
=

0.
98

O
rs
in
i 

et
 a
l.,
 2
00

9.
 

S
w
ed
en
 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
P
op

ul
at
io
n-
ba
se
d 
sa
m
-

pl
e 
of
 4
5,
88

7 
S
w
ed
is
h 

m
en
, a
ge
d 
45

–7
9 
ye
ar
s 

at
 b
as
el
in
e 

27
35

 i
nc
id
en
t 
pr
os
ta
te
 

ca
nc
er
s 
id
en
tifi

ed
 

th
ro
ug

h 
na
tio

na
l 
an
d 

re
gi
on

al
 c
an
ce
r 
re
gi
s-

tr
ie
s,
 a
nd

 1
90

 d
ea
th
s 

id
en
tifi

ed
 t
hr
ou

gh
 t
he
 

S
w
ed
is
h 
R
eg
is
te
r 
of
 

D
ea
th
 C
au
se
s 

P
re
de
fi
ne
d 
ca
te
go

ri
es
 

fo
r 
oc
cu
pa
tio

na
l 
ac
tiv

-
ity

 le
ve
ls
 (
m
os
tly

 s
it-

tin
g,
 s
itt
in
g 
ha
lf
 th

e 
tim

e,
 m

os
tly

 s
ta
nd

in
g,
 

he
av
y 
m
an
ua
l 
la
bo

ur
).
 

H
R
s 
pr
es
en
te
d 
he
re
 a
s 

m
os
tly

 s
ta
nd

in
g 
(r
ef
.)
 

vs
 m

os
tly

 s
itt
in
g 

T
ot
al
 p
ro
st
at
e 
ca
nc
er
 

O
R
 =

 1
.2
7 
(1
.1
0,
 

1.
45

) 
L
oc
al
is
ed
 p
ro
st
at
e 

ca
nc
er
 

O
R
 =

 1
.3
9 
(1
.1
1,
 

1.
72

) 
A
dv

an
ce
d 
pr
os
ta
te
 

ca
nc
er
 

O
R
 =

 1
.1
4 
(0
.8
9,
 

1.
45

) 
F
at
al
 p
ro
st
at
e 
ca
nc
er
 

O
R
 =

 1
.1
4 
(0
.6
3,
 

2.
04

) 

L
if
et
im

e 
w
al
ki
ng

 a
nd

 
bi
cy
cl
in
g 
le
ve
ls
, 

w
ai
st
-h
ip
 r
at
io
, h

ei
gh

t, 
di
ab
et
es
, a
lc
oh

ol
 c
on

-
su
m
pt
io
n,
 s
m
ok

in
g 

st
at
us
, e
du

ca
tio

n,
 t
ot
al
 

en
er
gy

 i
nt
ak
e,
 c
on

-
su
m
pt
io
n 
of
 d
ai
ry
 

pr
od

uc
ts
, r
ed
 m

ea
t 

co
ns
um

pt
io
n,
 p
ar
en
ta
l 

hi
st
or
y 
of
 p
ro
st
at
e 

ca
nc
er
. A

ge
 a
s 
un

de
r-

ly
in
g 
tim

e 
sc
al
e 

St
om

ac
h 
ca
nc
er
 

H
un

te
r 

et
 a
l.,
 2
02

0.
P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
47

0,
57

8 
ad
ul
ts
 a
ge
d 

be
tw
ee
n 
40

 a
nd

H
R
 =

 1
.0
3 
(0
.6
9,
 

1.
53

) 
A
ge
, s
ex
, e
th
ni
ci
ty
, 

de
pr
iv
at
io
n 
in
de
x,

296 C. T. V. Swain et al.



34
6
st
om

ac
h
ca
nc
er

ca
se
s
id
en
tifi

ed
vi
a

ca
nc
er

re
gi
st
ry

lin
ka
ge

T
V
tim

e
ca
te
go

ri
se
d
as

≤
1,

1–
≤
3
(r
ef
.)
,3

–≤
5,

>
5
h/
da
y

ed
uc
at
io
n,

fr
ui
t
an
d

Ih
ir
a

et
al
.,
20

20
.

Ja
pa
n

P
ro
sp
ec
tiv

e
co
ho

rt
st
ud

y
13

,2
77

w
om

en
an
d

20
,0
30

m
en

in
Ja
pa
n

P
ub

lic
H
ea
lth

C
en
te
r-

ba
se
d
P
ro
sp
ec
tiv

e
S
tu
dy

,a
ge
d
50

–7
9
at

en
ro
lm

en
t.
M
ea
n

fo
llo

w
-u
p
10

.2
ye
ar
s

12
7
w
om

en
an
d

55
2
m
en

di
ag
no

se
d

w
ith

st
om

ac
h
ca
nc
er
;

id
en
tifi

ed
vi
a

po
pu

la
tio

n-
ba
se
d
ca
n-

ce
r
re
gi
st
ri
es

or
lo
ca
l

m
aj
or

ho
sp
ita
l
re
co
rd
s

O
cc
up

at
io
na
ls
itt
in
g

tim
e,
ca
te
go

ri
se
d
as

<
1,

1–
<
3
(r
ef
.)
,3

–<
5,

5–
<
7,

≥
7
h/
da
y

W
om

en
R
R
=

1.
03

(0
.5
9,

1.
81

)
M
en

R
R
=

1.
08

(0
.8
2,

1.
41

)

A
ge
,a
re
a,
hi
st
or
y
of

di
ab
et
es
,s
m
ok

in
g
st
a-

tu
s,
al
co
ho

li
nt
ak
e,

B
M
I,
co
ff
ee
,w

al
ki
ng

tim
e
at
w
or
k,

st
re
nu

-
ou

s
tim

e
at
w
or
k)
,

m
od

er
at
e-
to
-v
ig
or
ou

s
ph

ys
ic
al
ac
tiv

ity
tim

e
in

le
is
ur
e
tim

e,
ty
pe

of
jo
b
an
d
to
ta
l

w
or
ki
ng

ho
ur
s[2
3]

H
ue
rt
a

et
al
.,
20

17
.

S
pa
in

C
as
e-
co
n-

tr
ol

st
ud

y
42

8
ca
se
s
fr
om

ho
sp
i-

ta
ls
in

te
n
re
gi
on

s
of

S
pa
in
.3

26
4
co
nt
ro
ls

(f
re
qu

en
cy
-m

at
ch
ed

by
se
x,

ag
e
an
d
re
gi
on

)
ra
nd

om
ly

re
cr
ui
te
d

fr
om

ge
ne
ra
l
pr
ac
ti-

tio
ne
r
lis
ts

In
ci
de
nt

st
om

ac
h
ca
n-

ce
r
ca
se
s

L
ei
su
re
-t
im

e
si
tti
ng

in
th
e
la
st
ye
ar
,

ca
te
go

ri
se
d
as

<
3

(r
ef
.)
,3

–5
.9
,6

–8
.9
,o

r
≥
9
h/
da
y

O
R
=

0.
78

(0
.5
1,

1.
19

)
A
ge
,s
ex
,s
oc
io
ec
o-

no
m
ic
st
at
us
,s
tu
dy

ar
ea
,s
m
ok

in
g,

pr
es
-

en
ce

of
ga
st
ri
c
sy
m
p-

to
m
at
ol
og

y,
us
e
of

an
ti-
in
fl
am

m
at
or
y

dr
ug

s,
fa
m
ily

hi
st
or
y

of
ga
st
ri
c
ca
nc
er
,

H
el
ic
ob

ac
te
r
py
lo
ri

se
ro
po

si
tiv

ity
,B

M
I,

in
ta
ke

of
to
ta
l
en
er
gy

,
re
d
an
d
pr
oc
es
se
d

m
ea
ts
,v

eg
et
ab
le
an
d

fr
ui
ts
,p

as
t
al
co
ho

l
co
ns
um

pt
io
n,

ph
ys
ic
al

ac
tiv

ity
do

m
ai
ns

(c
on

tin
ue
d)

U
ni
te
d 

K
in
gd

om
69

 y
ea
rs
 f
ro
m
 t
he
 U
K
 

B
io
ba
nk

 s
tu
dy

ve
ge
ta
bl
e,
 B
M
I,
 

he
ig
ht
, s
m
ok

in
g 
st
a-

tu
s,
 a
lc
oh

ol
 in

ta
ke

9 Sedentary Behaviour and Cancer 297



T
ab

le
9.
1

(c
on

tin
ue
d)

A
ut
ho

rs
,

co
un

tr
y

D
es
ig
n

S
am

pl
e

O
ut
co
m
e

M
ea
su
re

of
se
de
nt
ar
y

be
ha
vi
ou

r

R
es
ul
ts
(h
ig
he
st
vs

lo
w
es
t
ex
po

su
re

ca
te
go

ri
es
)

M
ul
tiv

ar
ia
bl
e

ad
ju
st
m
en
t

P
at
el
 

et
 a
l.,
 2
01

5.
 

U
ni
te
d 
S
ta
te
s 

P
ro
sp
ec
tiv

e 
co
ho

rt
 s
tu
dy

 
14

6,
72

2 
pa
rt
ic
ip
an
ts
 o
f 

th
e 
A
C
S
 C
P
S
-I
I 
N
ut
ri
-

tio
n 
C
oh

or
t, 
ag
ed
 

50
–7
4 
at
 e
nr
ol
m
en
t. 

M
ea
n 
fo
llo

w
-u
p 

15
.8
 y
ea
rs
 

30
6 
m
el
an
om

a 
ca
se
s 

id
en
tifi

ed
 b
y 
se
lf
-r
ep
or
t 

(v
er
ifi
ed
 t
hr
ou

gh
 m

ed
i-

ca
l 
re
co
rd
s,
 c
an
ce
r 
re
g-

is
tr
ie
s 
or
 N

at
io
na
l 

D
ea
th
 I
nd

ex
) 

L
ei
su
re
-t
im

e 
si
tti
ng

 
(T
V
, r
ea
di
ng

, e
tc
) 

ca
te
go

ri
se
d 
as
 0
–<

3 
(r
ef
.)
, 3

–5
, o

r 
≥
6 
h/
da
y 

W
om

en
 

R
R
 =

 1
.0
6 
(0
.5
5,
 

2.
03

) 
M
en
 

R
R
 =

 1
.0
5 
(0
.7
1,
 

1.
55

) 

A
ge
, p

hy
si
ca
l 
ac
tiv

ity
 

(e
xe
rc
is
e,
 d
ai
ly
-l
if
e,
 

ho
us
ek
ee
pi
ng

),
 r
ac
e,
 

sm
ok

in
g 
st
at
us
, d

ur
a-

tio
n 
an
d 
fr
eq
ue
nc
y 
of
 

sm
ok

in
g 
am

on
g 
cu
r-

re
nt
 s
m
ok

er
s,
 y
ea
rs
 

si
nc
e 
qu

itt
in
g 
am

on
g 

fo
rm

er
 s
m
ok

er
s,
 e
du

-
ca
tio

n,
 a
lc
oh

ol
 i
nt
ak
e,
 

to
ta
l 
en
er
gy

 i
nt
ak
e,
 

re
d/
pr
oc
es
se
d 
m
ea
t 

in
ta
ke
, f
am

ily
 h
is
to
ry
 

of
 c
an
ce
r,
 p
re
va
le
nt
 

ch
ro
ni
c 
di
se
as
e,
 d
ia
-

be
te
s,
 m

en
op

au
sa
l 
st
a-

tu
s 
(w

om
en
),
 

po
st
m
en
op

au
sa
l 
ho

r-
m
on

e 
us
e 
(w

om
en
),
 

en
do

sc
op

y 
sc
re
en
in
g,
 

B
M
I 

A
bb

re
vi
at
io
ns
: H

az
ar
d 
ra
tio

 (
H
R
),
 O
dd

s 
ra
tio

 (
O
R
),
 R
is
k 
ra
tio

 (
R
R
),
 B
od

y 
m
as
s 
in
de
x 
(B
M
I)
, O

es
tr
og

en
 r
ec
ep
to
r 
po

si
tiv

e 
(E
R
+
),
 O
es
tr
og

en
 r
ec
ep
to
r 
ne
ga
tiv

e 
(E
R
-)
, H

or
m
on

e 
re
pl
ac
em

en
t t
he
ra
py

 (
H
R
T
),
 A
m
er
ic
an
 C
an
ce
r 
S
oc
ie
ty
 (
A
C
S
),
 C
an
ce
r 
P
re
ve
nt
io
n 
S
tu
dy

 (
C
P
S
),
 N
at
io
na
l I
ns
tit
ut
es
 o
f 
H
ea
lth

 (
N
IH

),
 A
m
er
ic
an
 

A
ss
oc
ia
tio

n 
of
 R
et
ir
ed
 P
er
so
ns
 (
A
A
R
P
),
 E
ur
op

ea
n 
P
ro
sp
ec
tiv

e 
In
ve
st
ig
at
io
n 
in
to
 D

ie
t 
an
d 
N
ut
ri
tio

n 
(E
P
IC
),
 n
on

-s
te
ro
id
al
 a
nt
i-
in
fl
am

m
at
io
n 
dr
ug

 (
N
S
A
ID

),
 

he
al
th
y 
ea
tin

g 
in
de
x 
(H

E
I)

298 C. T. V. Swain et al.



9 Sedentary Behaviour and Cancer 299

9.3.2 Sedentary Behaviour and Bladder Cancer 

Three prospective cohort studies have examined sedentary behaviour and bladder 
cancer risk: one study looked at television viewing time [23], another at occupational 
sitting [24] and the third study assessed leisure time sitting [29]. Our meta-analysis 
showed no relation (RR = 1.02, 95% CI: 0.77–1.27), but there was considerable 
heterogeneity present (I2 = 47%). See Fig. 9.1. 

After excluding the study examining occupational sedentary behaviour [24], there 
was minimal change to the risk estimate (RR = 1.09, 95% CI: 0.91–1.27) and lower 
heterogeneity (I2 = 18%). 

9.3.3 Sedentary Behaviour and Brain Cancer 

The analysis conducted by Hunter et al. using the UK Biobank data was the only 
study to examine sedentary behaviour (television viewing time) and brain cancer 
risk. They found no relation (HR = 0.96, 95% CI: 0.63–2.06) [23]. 

9.3.4 Sedentary Behaviour and Breast Cancer 

Twenty studies have examined the association of sedentary behaviour with breast 
cancer risk (see Table 9.1) [23–25, 29–45]. Twelve of these studies involved 
prospective cohorts [23–25, 29–31, 33, 34, 38, 39, 42, 43], six were case-control 
studies [32, 35, 36, 40, 41, 44], one was a nested case-control study [37] and one 
used a case-cohort design [45]. Six studies generated an estimate of total sitting time 
[25, 33, 34, 37, 38, 45], two assessed leisure-time sitting [29, 32], five studies 
examined television viewing time [23, 30, 31, 41, 42], four studies examined 
occupational sitting [24, 35, 40, 44] and the remaining studies used an ordinal 
scale of occupational exposure (we compared the ‘sitting’ to the ‘standing’ category) 
[36, 39, 43]. 

Our meta-analysis found that sedentary behaviour was associated with a very 
small increase in breast cancer risk (RR = 1.06; 95% CI: 1.01–1.11) (Fig. 9.1). We 
observed low heterogeneity across the studies (I2 = 7%). The exclusion of studies 
assessing occupational sedentary behaviour did not change the risk estimate 
(RR = 1.08, 95% CI: 1.02–1.14), and no heterogeneity was observed (I2 = 0%). 
When we restricted our inclusion to prospective cohort studies only, the risk increase 
was similar to our main meta-analysis (RR = 1.08, 95% CI: 1.03–1.14), and there 
was no heterogeneity evident (I2 = 0%). We did not see any evidence of publication 
bias when reviewing funnel plot asymmetry.
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Fig. 9.1 Forest plot for main random effects meta-analysis synthesising the associations of 
sedentary behaviour with bladder and breast cancer. RR = relative risk; CI = confidence intervals
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9.3.5 Sedentary Behaviour and Colorectal Cancer 

Sixteen studies have examined the association of sedentary behaviour with colorec-
tal, colon and/or rectal cancer risk [23–25, 29, 46–57]. The main design features and 
results of these studies are summarised in Table 9.1. Five of these studies examined 
colorectal cancer [23–25, 29, 46, 47, 49–51, 53, 57], and six examined both colon 
and rectal cancers [29, 48, 52–54, 57], whereas two studies only included colon 
cancers [55, 56]. Twelve studies were prospective cohort studies [23–25, 29, 46–49, 
51–53, 55], and four were case-control studies [50, 54, 56, 57]. Six studies assessed 
total sitting time [25, 48–51, 53], four examined television viewing time [23, 46, 47, 
54], one reported on risks associated with leisure-time sitting [29], one assessed 
occupational sitting time [24] and the remaining studies used an ordinal scale of 
occupational exposure (we compared the ‘sitting’ to the ‘standing’ category) 
[52, 55–57]. 

Comparing the highest category of sedentary behaviour to lowest category 
(reference), we observed no association between sedentary behaviour and colorectal 
cancer (RR = 1.03; 95% CI: 0.98–1.08) and no heterogeneity across the colorectal 
cancer studies (I2 = 0%). See Fig. 9.2. The exclusion of studies examining occupa-
tional sedentary behaviour resulted in no change to the risk estimate. When we 
restricted our inclusion to prospective cohort studies only, the risk estimate was also 
the same. Finally, we restricted meta-analysis to colon cancer only; here, we saw a 
suggestive risk increase for highest versus lowest categories of sedentary behaviour 
(RR = 1.12, 95% CI: 0.98–1.27; I2 = 0%). There was no evidence of publication 
bias suggested by funnel plot asymmetry. 

9.3.6 Sedentary Behaviour and Endometrial Cancer 

Seven studies have examined the association of sedentary behaviour with endome-
trial cancer risk (see Table 9.1) [23, 24, 29, 58–61]. Five were prospective cohort 
studies [23, 24, 29, 59, 61], whereas two used a case-control design [58, 60]. Two 
studies assessed total sitting time [58, 61], two examined television viewing time 
[23, 59], one reported on risks associated with sitting in leisure-time [29], and two 
reported occupational sitting [24, 60]. 

Across the seven studies, sedentary behaviour was associated with a 16% risk 
increase (95% CI: 0.84–1.48). We observed high heterogeneity across the studies 
(I2 = 76%). See Fig. 9.2. The exclusion of studies examining occupational sedentary 
behaviour resulted in a small increase in the risk estimate (RR = 1.24, 0.85–1.64), 
but heterogeneity remained high (I2 = 82%). When we restricted our inclusion to 
prospective cohort studies only, the risk estimate was attenuated (RR = 1.08, 
95% CI: 0.65–1.51), and heterogeneity remained high (I2 = 83%). There was no 
evidence of publication bias suggested by funnel plot asymmetry.
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Fig. 9.2 Forest plot for main random effects meta-analysis synthesising the associations of 
sedentary behaviour with colorectal, endometrial and oesophageal cancer. RR = relative risk; 
CI = confidence intervals
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9.3.7 Sedentary Behaviour and Oesophageal Cancer 

Three prospective cohort studies have examined the relationship between sedentary 
behaviour and oesophageal cancer to date (see Table 9.1) [23, 24, 29]. Patel et al. 
examined risk associated with leisure-time sitting, [29] Hunter et al. assessed 
television viewing time [23], and Ihira et al. assessed occupational sitting [24]. 

Figure 9.2 shows that sedentary behaviour was not related to any risk increase for 
oesophageal cancer (RR = 1.04, 95% CI: 0.81–1.26). There was no heterogeneity 
noted (I2 = 0%). The sensitivity analysis removing the study of occupational sitting 
made no change to the effect estimate (RR = 1.03, 95% CI: 0.79–1.28) nor 
heterogeneity (I2 = 0%). There was no evidence of publication bias suggested by 
funnel plot asymmetry. 

9.3.8 Sedentary Behaviour and Gall Bladder Cancer 

Only one published study has examined the relationship between sedentary behav-
iour and gall bladder cancer (see Table 9.1). Patel et al. assessed leisure-time sitting 
in the Cancer Prevention Study II Nutrition Cohort [29]. They reported a risk 
increase for both women (RR = 1.43, 95% CI: 0.65–3.14) and men (RR = 2.11, 
95% CI: 0.87–5.09); however, there were only 57 women and 33 men included in 
their analysis. 

9.3.9 Sedentary Behaviour and Head and Neck Cancer 

Two prospective cohort studies have examined the association of sedentary behav-
iour with head and neck cancer (see Table 9.1) [23, 29]. Patel et al. examined risk 
associated with leisure-time sitting [29], while Hunter et al. assessed television 
viewing time [23]. 

Both studies reported elevated risks for higher levels of sedentary behaviour 
compared to lower. Patel et al. demonstrated a risk increase for both women 
(RR = 1.49, 95% CI: 0.86–2.61) and men (RR = 1.22, 95% CI: 0.88–1.69). 
Hunter et al. reported a risk increase of 48% (95% CI: 1.09–2.01). 

9.3.10 Sedentary Behaviour and Haematological Cancers 

One prospective cohort study examined the relationship between television viewing 
time and risk of haematological cancers, pooling lymphomas, multiple myeloma and



leukaemias together (see Table 9.1). Hunter et al. observed no relation (HR = 0.97, 
95% CI: 0.82–1.16) of sedentary behaviour to these cancers [23]. 
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9.3.11 Sedentary Behaviour and Hepatobiliary Cancers 

Hunter et al. also examined the relationship between television viewing time and risk 
of hepatobiliary cancers, pooling liver, bile duct and gall bladder cancers (see 
Table 9.1). A risk increase was observed for highest versus lowest category of 
television viewing time (HR = 1.26, 95% CI: 0.90–1.77) [23]. 

9.3.12 Sedentary Behaviour and Kidney Cancer 

Four prospective cohort studies have examined the relationship of sedentary behav-
iour with kidney cancer to date (see Table 9.1) [23, 24, 29, 62]. One study examined 
risk associated with total sitting [62], one study examined leisure-time sitting [29], 
one study examined television viewing time [23] and one study assessed occupa-
tional sitting [24]. 

Overall, sedentary behaviour was associated with no substantial relation to 
kidney cancer risk (RR = 1.07; 95% CI: 0.94–1.20), and there was no heterogeneity 
across studies (I2 = 0%). See Fig. 9.3. The sensitivity analysis where studies of 
occupational sitting were removed did not change the result (RR = 1.07; 95% CI: 
0.94–1.20; I2 = 0%). There was no evidence of publication bias suggested by funnel 
plot asymmetry. 

9.3.13 Sedentary Behaviour and Liver Cancer 

Two prospective cohort studies have estimated the effect of sedentary behaviour on 
lung cancer to date (see Table 9.1) [24, 29]. One study examined risk associated with 
leisure-time sitting [29], and the other assessed occupational sitting [24]. 

Findings from the Cancer Prevention Study II Nutrition Cohort suggested a 
potential protective relation for both women (RR = 0.73, 95% CI: 0.35–1.53) and 
men (RR = 0.83, 95% CI: 0.54–1.28). Findings from Japan Public Health Centre-
based Prospective Study also showed an inverse relation for the highest versus 
lowest category of occupational sitting in women (RR = 0.30, 95% CI: 
0.04–2.20); however, this analysis was based on only 21 incident liver cancers. In 
contrast, this study suggested elevated risk for men (RR = 1.54, 95% CI: 0.92–2.58).
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Fig. 9.3 Forest plot for main random effects meta-analysis synthesising the associations of 
sedentary behaviour with kidney, lung and ovarian cancer. RR = relative risk; CI = confidence 
intervals
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9.3.14 Sedentary Behaviour and Lung Cancer 

Eight prospective cohort studies have examined the association of sedentary behav-
iour with lung cancer to date (see Table 9.1) [23, 24, 29, 63–67]. Two studies 
assessed total sitting time [65, 67], one study examined risk associated with leisure-
time sitting [29], two studies examined television viewing time [23, 66] and three 
examined occupational sitting [24, 63, 64]. 

Overall, sedentary behaviour was not associated with lung cancer risk 
(RR = 0.97; 95% CI: 0.86–1.08). Heterogeneity across the studies was high 
(I2 = 63%) (Fig. 9.3). The exclusion of studies examining occupational sedentary 
behaviour changed the risk estimate somewhat (RR = 1.06, 95% CI: 0.99–1.13), 
with no heterogeneity (I2 = 0%). Visual inspection of the funnel plot did not suggest 
any publication bias was present. 

9.3.15 Sedentary Behaviour and Melanoma 

Two prospective cohort studies have estimated the effect of sedentary behaviour on 
melanoma (see Table 9.1) [23, 29]. One study examined risk associated with leisure-
time sitting [29], and the other assessed television viewing time [23]. 

Both studies concluded that there was no relationship between sedentary behav-
iour and melanoma. In the Cancer Prevention Study II Nutrition Cohort, Patel et al. 
reported results separately for women (RR = 0.99, 95% CI: 0.79–1.25) and men 
(RR = 1.05, 95% CI: 0.88–1.24) [29]. Hunter et al. undertook their analysis using 
data from the UK Biobank (HR = 1.01, 95% CI: 0.90–1.29) [23]. 

9.3.16 Sedentary Behaviour and Multiple Myeloma 

Only one study presented results for multiple myeloma (Table 9.1). Patel et al. 
examined risk associated with leisure-time sitting, which suggested an increase in 
risk for women (RR = 1.65, 1.07–2.54) but not men (RR = 1.00, 95% CI: 
0.68–1.45) [29]. 

9.3.17 Sedentary Behaviour and Myeloid Malignancies 

Rees-Punia et al. examined the relationship between leisure-time sitting and risk of 
myeloid malignancies (Table 9.1). They reported a risk increase for myeloid leu-
kaemia (HR = 1.28, 95% CI: 0.89–1.85) but null results for acute myeloid leukae-
mia (HR = 1.00, 95% CI: 0.89–1.85) [68].
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9.3.18 Sedentary Behaviour and Non-Hodgkin Lymphoma 

Two prospective cohort studies have estimated the relation of sedentary behaviour to 
non-Hodgkin lymphoma (see Table 9.1) [23, 29]. One study examined risk associ-
ated with leisure-time sitting [29], and the other assessed television viewing 
time [23]. 

Findings from the Cancer Prevention Study II Nutrition Cohort did not show 
evidence of a relationship for either women (RR = 1.07, 95% CI: 0.86–1.35) or men 
(RR = 1.04, 95% CI: 0.86–1.25) [29]. The UK Biobank analysis suggests a 
protective relation for highest versus lowest television viewing time (HR = 0.85, 
95% CI: 0.65–1.26) [23]. 

9.3.19 Sedentary Behaviour and Ovarian Cancer 

Sedentary behaviour and ovarian cancer risk have been investigated by seven studies 
(see Table 9.1) [23, 24, 69–73]. All but two of these studies were prospective cohort 
studies; Lee et al. and Zhang et al. used a case-control design [70, 73]. Three studies 
examined total sitting time [69, 70, 73], one study assessed sitting during leisure-
time [72], television viewing time was assessed by two studies [23, 71] and one 
study examined occupational sitting [24]. 

Figure 9.3 shows the results of our primary meta-analysis. Highest versus lowest 
categories of sedentary behaviour were associated with a 16% risk increase (95% CI: 
0.96–1.36). We observed low heterogeneity across the studies (I2 = 19%). Exclud-
ing the study of occupational sitting made no substantial difference to the result 
(RR = 1.15, 95% CI: 0.95–1.36; I2 = 22%). After excluding the case-control study 
from the meta-analysis, the result was also very similar (RR = 1.16, 95% CI: 
0.89–1.44; I2 = 35%). There was no evidence of publication bias suggested by 
funnel plot asymmetry for the primary analysis nor for the sensitivity analyses. 

9.3.20 Sedentary Behaviour and Pancreatic Cancer 

Three prospective cohort studies have examined sedentary behaviour and pancreatic 
cancer risk (see Table 9.1) [23, 24, 29]. One study examined leisure-time sitting [29], 
one study examined television viewing time [23] and one study assessed occupa-
tional sitting [24]. 

Figure 9.4 shows the primary meta-analysis result (RR = 1.10, 95% CI: 
0.79–1.41; I2 = 0%). The sensitivity analysis removing the occupational sitting 
study returned a similar result (RR = 1.06, 95% CI: 0.74–1.38, I2 = 0%). There was 
no evidence of publication bias suggested by funnel plot asymmetry.
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Fig. 9.4 Forest plot for main random effects meta-analysis synthesising the associations of 
sedentary behaviour with pancreatic, prostate and stomach cancer. RR = relative risk; CI = confi-
dence intervals
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9.3.21 Sedentary Behaviour and Prostate Cancer 

Six prospective cohort studies [23–25, 29, 74, 75] and one case-control study [76] 
have estimated the effect of sedentary behaviour on prostate cancer risk (see 
Table 9.1). Three studies assessed total sitting time [25, 74, 76], one reported on 
risks associated with sitting in leisure-time [29], one study examined television 
viewing time [23] and two studies assessed occupational sitting [24, 75]. 

Across these seven studies, sedentary behaviour was possibly associated with a 
slight risk increase (RR = 1.08; 95% CI: 0.96–1.19), but there was high heteroge-
neity present (I2 = 76%). See Fig. 9.4. Excluding the occupational sedentary 
behaviour studies resulted in a null relation (RR = 1.02, 95% CI: 0.92–1.12, 
I2 = 64%). When only prospective cohort studies were included in the meta-
analysis, the result was similar to the primary analysis (RR = 1.07, 95% CI: 
0.95–1.19; I2 = 79%). We did not see any evidence of publication bias when 
reviewing funnel plot asymmetry. 

9.3.22 Sedentary Behaviour and Stomach Cancer 

Three prospective cohort studies [23, 24, 29] and one case-control study [77] have 
examined sedentary behaviour and stomach cancer risk (see Table 9.1). Two studies 
examined leisure-time sitting [29, 77], one study examined television viewing time 
[23] and one study assessed occupational sitting [24]. 

Meta-analysis demonstrated no relation (RR = 0.98, 95% CI: 0.80–1.16; 
I2 = 0%). After excluding the study of occupational sitting time, the results indicated 
a potentially inverse relation (RR = 0.90, 95% CI: 0.65–1.14; I2 = 0%). When only 
prospective cohort studies were included in the meta-analysis, the results were 
slightly different (RR = 1.06, 95% CI: 0.84–1.27; I2 = 0%). We did not see any 
evidence of publication bias in the funnel plots. 

9.4 Sedentary Behaviour and Cancer Mortality 

9.4.1 All-Cancer Mortality 

Table 9.2 summarises the 12 studies examining all-cancer mortality (ten studies 
based on self-reported sitting time; two based on accelerometer-measured sedentary 
time). Eight prospective cohort studies have examined the association of sedentary 
behaviour with all-cancer mortality [78–87]. The main design features and results of 
these studies are summarised in Table 9.2. Five studies examined risk associated 
with total sitting time [80, 82, 84–86], one assessed sitting in leisure-time [79] and 
four examined television viewing time [78, 81, 83, 87].
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Fig. 9.5 Forest plot for main random effects meta-analysis synthesising the associations between 
sedentary behaviour and all cancer mortality. RR = relative risk; CI = confidence intervals 

Comparing the highest category of sedentary behaviour to lowest category 
(reference), we observed a 12% risk increase for all-cancer mortality (RR = 1.09; 
95% CI: 1.02–1.17). We observed considerable heterogeneity across these studies 
(I2 = 52%). See Fig. 9.5. There was no evidence of publication bias suggested by 
funnel plot asymmetry. 

9.4.2 Site-Specific Cancer Mortality 

Table 9.3 outlines the studies of cancer-related mortality in which participants had 
already been diagnosed with cancer at the time sedentary behaviour was assessed. 
One study examined the relationship between sitting time and all-cancer mortality in 
a population of cancer survivors [88], three studies focused on colorectal cancer-
specific mortality [89–91], and one focused on hematologic cancer-specific survival, 
one on kidney cancer-specific survival, one on liver cancer-specific mortality, one on 
lung cancer-specific mortality and one on prostate cancer-specific mortality. 

9.4.3 Colorectal Cancer-Specific Mortality 

Three prospective cohort studies have examined the associations of sedentary 
behaviour (exposure assessed pre- and post-diagnosis) with colorectal cancer-
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specific mortality [89–91]. The studies by Cao et al. [91] and Arem et al. [89] 
examined risk associated with television viewing time, whereas Campbell et al. 
assessed sitting during leisure-time [90]. Within these cohort studies, multiple 
exposure assessments were taken, so that baseline questionnaires (risk-factor ques-
tionnaire for the NIH-AARP Diet and Health Study) provided the pre-diagnosis 
estimate of sedentary behaviour, and a follow-up questionnaire was used for the 
estimate of post-diagnosis sedentary behaviour. Cohort participants diagnosed with 
colorectal cancer after the baseline questionnaire made up the sample for the 
pre-diagnosis sedentary behaviour analyses; participants diagnosed with colorectal 
cancer between the two questionnaire administrations, and who had completed both 
questionnaires, comprised the sample for the post-diagnosis analyses.
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Fig. 9.6 Forest plot for main random effects meta-analysis synthesising the associations between 
sedentary behaviour and colorectal cancer mortality. RR = relative risk; CI = confidence intervals 

Sedentary behaviour performed prior to a colorectal cancer diagnosis was asso-
ciated with a 28% risk increase for colorectal cancer-specific mortality (95% CI: 
1.06–1.49). We did not observe any heterogeneity across these studies (I2 = 0%). 
Post-diagnosis sedentary behaviour had a stronger relationship with colorectal 
cancer-specific mortality (RR = 1.60, 95% CI: 1.15–2.04; I2 = 0%). See Fig. 9.6. 
Minimal funnel plot asymmetry was observed on visual inspection. 

9.4.4 Hematologic Cancer-Specific Mortality 

One study has considered the association of television viewing time with hemato-
logic cancer-specific mortality [92]. Schmid et al. identified 1775 (for pre-diagnosis 
television viewing time, from 8182 diagnosed cases) and 306 (for post-diagnosis



television viewing, from 1636 diagnosed cases) hematologic cancer deaths in the 
NIH-AARP Diet and Health Study. Participants watching more than 5 h of television 
a day (versus up to 2 h) prior to diagnosis had a slight risk increase for hematologic 
cancer-specific death (HR = 1.10, 95% CI: 0.96–1.25). A similar relation was seen 
for post-diagnosis television viewing time (HR = 1.13, 95% CI: 0.84.1.52) [92]. 
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9.4.5 Kidney Cancer-Specific Mortality 

One analysis, from the NIH-AARP Diet and Health Study, has considered the 
association of postdiagnosis total sitting time with kidney cancer-specific mortality 
[93]. Schmid et al. identified 633 kidney cancer cases from which there were 
54 deaths from kidney cancer. Participants in the highest category of sitting time 
(>8 h/day) compared to the lowest (≤2 h/day) had a 19% highest risk of kidney 
cancer-specific death (95% CI: 0.54–2.62) [93]. 

9.4.6 Liver Cancer-Specific Mortality 

One study has considered the association of television viewing time with liver 
cancer-specific mortality [94]. Ukawa et al. identified 267 deaths from liver cancer 
within the Japanese Collaborative Cohort Study. Participants watching four or more 
hours of television a day had a modest, non-significant risk increase for liver cancer 
death than participants who watched less than 2 h/day (HR = 1.20, 95% CI: 
0.82–1.77) [94]. 

9.4.7 Prostate Cancer-Specific Mortality 

Friedenreich et al. followed up the cases from a case-control study of prostate cancer 
risk, and there were 170 prostate cancer-specific deaths included in their analysis. 
The authors reported a reduced risk for all-cause and prostate cancer-specific death 
for the highest versus lowest category of occupational sedentary behaviour 
(HR = 0.72, 05% CI: 0.50–1.05 and HR = 0.66, 95% CI: 0.37–1.18, 
respectively) [95].



322 C. T. V. Swain et al.

9.5 Underlying Biologic Mechanisms 

A number of biologic pathways linking sedentary behaviour to the development and 
progression of cancer have been proposed, but these have not been extensively 
studied [1]. In this section, for each proposed biologic pathway, we first outline 
how it is related to carcinogenesis and then summarise what is known about its 
association with sedentary behaviour. Many of these proposed mechanisms are 
interrelated, and it is hypothesised that their relative contribution varies according 
to cancer site. Molecular pathways involving endogenous sex hormones, metabolic 
hormones and inflammatory peptides dominate the literature. The genetic and 
cellular processes involved in carcinogenesis, immune response and the tumour 
microenvironment have not yet become a focus of research in the sedentary behav-
iour field. 

9.5.1 Body Composition 

It is well accepted that 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 [13]. Contemporary evi-
dence suggests that adiposity increases the risk of cancers of the colon and rectum, 
breast (postmenopausal women only), ovaries, endometrium, kidneys, oesophagus, 
gastric cardia, liver, pancreas, meningioma, thyroid, multiple myeloma and gall 
bladder [96]. 

Sedentary behaviour displaces time spent in physical activities that expend higher 
amounts of energy. There are significant differences in the metabolic/energy cost of 
sitting and standing: Júdice et al. demonstrated both V O2 and energy expenditure 
were significantly higher when standing than when sitting, independent of sex and 
body mass [97]. Postural transitions and unstructured movement throughout the day 
differ sufficiently between obese and lean individuals to explain differences in body 
mass [98, 99]. However, there is limited epidemiologic evidence that sedentary 
behaviour causes weight gain. Nonetheless, it is understood that the relationship 
between sedentary behaviour and adiposity is bi-directional [1, 100], and it is 
difficult to disentangle the effects without repeated measures of both variables. 

A number of studies included in this chapter presented risk estimates for the 
association between sedentary behaviour and cancer without, and with, adjustment 
for body mass index (BMI). As noted by Schmid and Leitzmann, the associations 
across these studies were not consistently attenuated by additional adjustment for 
BMI [101]. However, we cannot confidently conclude that adiposity has a limited 
mechanistic role by simply comparing models without and with adjustment for BMI, 
as this hierarchical method of mediation analysis may introduce confounding where 
none existed before [102]. Further complicating the interpretation of the evidence to 
date is the almost exclusive reliance on BMI as a measure of adiposity, which does



not differentiate between fat and lean mass [101]. Both adipose tissue and skeletal 
muscle are active endocrine organs that secrete biologically active proteins and 
polypeptide hormones, which have pro- and anti-carcinogenic properties [103, 104]. 
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9.5.2 Molecular Pathways 

Sex Hormones 

Exposure to circulating endogenous sex hormones may increase the risk of some 
cancers, particularly breast, endometrial, ovarian and prostate cancers 
[104, 105]. Animal and in vivo studies have demonstrated that oestrogens have 
mitogenic and mutagenic effects [104]. Higher circulating levels of oestrogen-
related hormones are linked most strongly to breast and endometrial cancer risk 
[104, 106]. Sex hormone binding globulin (SHBG) may also affect cancer risk by 
binding to oestrogens and androgens, rendering them biologically inactive [107]. 

Sedentary behaviour could plausibly affect endogenous sex hormones through a 
number of other biological mechanisms. If sedentary behaviour increases adiposity, 
it would likely also increase bioavailable oestrogens in postmenopausal women via 
aromatisation (the conversion of adrenal androgens to estrone, which occurs within 
peripheral adipose tissue) [108, 109] and through the production of adipokines 
(which influence oestrogen biosynthesis) [110]. If sedentary behaviour increases 
blood insulin (see next section), this would decrease hepatic synthesis of SHBG, in 
turn increasing bioavailability of endogenous sex hormones [111]. 

Dallal et al. examined the associations between accelerometer-assessed sedentary 
behaviour and urinary oestrogens and oestrogen metabolites in 542 postmenopausal 
women. While sedentary behaviour was not associated with total oestrogen metab-
olites, longer duration of sedentary time was significantly associated with higher 
levels of estrone and estradiol. Sedentary time was also positively associated with 
methylated catecholamines in the 2- and 4-hydroxylation pathways and inversely 
associated with a lower 16-pathway/parent oestrogen (estrone, estradiol) ratio. From 
these findings, the authors concluded that sedentary behaviour may be associated 
with reduced oestrogen metabolism, after adjusting for time spent in physical 
activity [112]. An earlier, cross-sectional study of 565 postmenopausal women 
found no associations between self-reported sedentary behaviour and various 
oestrogens, androgens or SHBG [113]. 

Metabolic Dysfunction 

Elevated blood insulin levels increase growth promoting signalling [104] and 
enhance activation of the IGF-1 system, which is involved in cell differentiation, 
proliferation and apoptosis. High levels of insulin also suppress hepatic synthesis of 
SHBG [111]. Hyperglycaemia may promote carcinogenesis by providing an amiable



environment for tumour growth [114]. Associations between insulin and glucose 
levels with colorectal, postmenopausal breast, pancreatic and endometrial cancers 
have been demonstrated in epidemiological studies [1]. 
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Sedentary behaviour could increase cancer risk by decreasing insulin sensitivity 
and increasing insulin and glucose levels. Stephens et al. exposed young, healthy 
participants to 24 h of sedentary behaviour, which resulted in dramatic increases in 
the amount of insulin required to clear a standardised glucose infusion [115]. A 
number of other experimental studies have also demonstrated the beneficial effects – 
on insulin, glucose and other cardiometabolic biomarkers – of standing or light 
ambulation over sitting [116]. The muscular inactivity that characterises sedentary 
behaviour may reduce glucose uptake through blunted translocation of GLUT-4 
glucose transporters to the skeletal muscle surface [117]. The acute metabolic 
response to sedentary behaviour suggested by these experimental studies supports 
the epidemiological findings that link sitting time with type 2 diabetes [117], which 
is itself a risk factor for developing several solid and hematologic malignancies, 
including non-Hodgkin lymphoma and bladder, breast, colorectal, endometrial, 
kidney, liver and pancreatic cancers [118]. 

Inflammation, Including Adipokines and Myokines 

Inflammation is a risk factor for most types of cancer [105, 107]. Inflammation can 
stimulate cell proliferation, micro-environmental changes and oxidative stress, 
which can deregulate normal cell growth and promote progression and malignant 
conversion [119]. Adipose tissue secretes multiple biologically active polypeptides 
(adipokines) [120, 121]. Adiponectin is the only known anti-inflammatory 
adipokine; others, including leptin, adipsin, tumour necrosis factor-α (TNF-α) and 
interleukin-6 (IL-6) are proinflammatory. 

Adipokines may play a role in the development of insulin resistance, as leptin and 
adiponectin enhance insulin sensitivity through activation of AMP protein kinase 
[120]. Adipokines might also increase cancer risk by affecting oestrogen biosynthe-
sis and activity [110]. 

Skeletal muscle is an active endocrine organ that produces, expresses and releases 
cytokines or other peptides known collectively as myokines [103]. Through 
myokine signalling, skeletal muscle communicates with other organs, including 
adipose tissue, the liver, pancreas and brain. Myokines may also counteract the 
harmful effects of proinflammatory adipokines [103]. When seated, the large, 
postural muscles used to keep the body upright are not fully activated 
[121, 122]. Thus, an altered myokine response may underlie the association between 
sedentary behaviour and cancer. 

Henson et al. examined the associations of accelerometer-assessed sedentary time 
with a range of adipokines in a cross-sectional study of adults at high risk of type 
2 diabetes. They found that sedentary time was associated with IL-6, leptin and 
leptin/adiponectin ratio in multivariate models, but after additionally adjusting for 
moderate-vigorous physical activity, only the association with IL-6 remained



statistically significant [123]. C-reactive protein (CRP) is an acute phase protein 
produced in the liver in response to TNF- α and IL-6 levels, and there have been a 
number of studies examining the association of sedentary behaviour with this 
biomarker of inflammation. Cross-sectional data from the National Health and 
Nutrition Examination Survey have shown significant associations between 
accelerometer-assessed sedentary time and CRP in postmenopausal women [124] 
and in the broader adult population [125]. However, prospective studies examining 
television viewing time and CRP have found no association [126, 127]. 
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9.6 Interpretation of the Evidence and Causality 

Sedentary behaviour and cancer are still an emerging field of research, and the 
evidence accrued to date has, for the most part, not been consistent across sites. 
The findings of our meta-analysis (which included literature published through to 
August 2021) differ somewhat from the findings presented by earlier meta-analyses, 
including our chapter in the first edition of this book [3, 4, 21]. Our findings do not 
support the conclusions of the 2018 Physical Activity Guidelines for Americans 
Committee, which reported moderate evidence for a 20% or higher increase in risk 
for colon, endometrial and lung cancer [5]. Our meta-analysis suggests that seden-
tary behaviour increases the risk of endometrial and ovarian cancer by 16%. There 
also seems to be a small risk increase for colon cancer (12%), pancreatic cancer 
(10%) and a very small but robust increase for breast cancer (6%). There was also 
evidence of an elevated risk for hepatobiliary (collectively) cancers, gall bladder 
cancer and head and neck cancer but based on only one or two studies. The first 
edition of this chapter concluded that there was a much stronger relation for 
endometrial (36%) and ovarian cancer (31%). Based on sensitivity analyses, we 
could not rule out an increased risk for breast, colorectal and lung cancers 
[21]. Schmid and Leitzmann drew somewhat different conclusions, acknowledging 
a significant risk increase for colorectal, endometrial and lung cancer [3], while Shen 
et al. reported that sedentary behaviour increased the risk of breast, colorectal, 
endometrial and lung cancer [4]. The primary reason for the different conclusions 
drawn by our meta-analysis is the inclusion of new publications: there were only 
25 different studies on sedentary behaviour and cancer risk of cancer-specific 
mortality in the first edition of this chapter, whereas we have included 112 publica-
tions in this edition. 

Across the cancer sites, we identified as being associated with (or possibly 
associated with) sedentary behaviour, risk increase was typically small (around 
10% higher for the highest versus lowest categories of sitting time). We recognise, 
however, that self-reported estimates of sedentary behaviour are subject to substan-
tial misclassification bias, which may have attenuated the outcomes of studies to 
date. It is possible that sedentary behaviour may increase cancer risk more substan-
tially than the research to date suggests. Indeed, the two studies with accelerometer



data that had examined all-cancer risk [26, 27] reported substantially higher risk 
estimates than the two studies with self-report data looking at all-cancer risk [24, 25]. 
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There is a need to improve the accuracy of sedentary behaviour assessment in 
epidemiologic studies, in order to ascertain clearer estimates of the true association 
between sedentary behaviour and cancer risk. Large-scale cohort studies are increas-
ingly incorporating objective monitoring into their data collection. It is also feasible 
to conduct validation studies within cohorts and use regression calibration methods 
to adjust risk estimates derived from self-reported sedentary behaviour data collected 
on all participants [128, 129]. Cohort studies that incorporate such validation 
sub-studies may provide improved estimates of the association between sedentary 
behaviour and cancer risk. 

We have presented a comprehensive meta-analysis of studies examining the 
association between sedentary behaviour and cancer-related mortality. Our results 
suggest that there is a modest, 9% increased risk of dying from cancer for individuals 
in the highest versus lowest category of sedentary behaviour. It is likely that 
etiological pathways differ between cancer sites and that sedentary behaviour is a 
risk factor for some, but not all, cancers. Thus, the true cancer mortality risk 
attributable to sedentary behaviour may be much higher for specific sites and null 
for others. There appears to be a strong association between sedentary behaviour and 
colorectal cancer-specific mortality, for both pre- (28%) and post-diagnosis sitting 
time (60%). However, findings should be considered in the context of important 
methodological limitations. 

Selection bias may affect the effect estimates for measures of pre-diagnosis 
sedentary behaviour and survival after cancer. This arises due to how follow-up 
time is handled. To avoid biases, it is critical for time zero of follow-up time, 
eligibility criteria and treatment assignment to align [130]. Studies examining the 
relationship of pre-diagnosis sedentary behaviour and survival after cancer tend to 
initiate follow-up time at cancer diagnosis. This creates a scenario where the 
exposure (pre-diagnosis sedentary behaviour) is measured before study eligibility 
criteria (cancer diagnosis) is met. If participants who survive long enough after to 
develop cancer after sedentary behaviour has been measured are systematically 
different from those who do not, selection bias is introduced [130]. 

Another issue that may affect estimates of pre-diagnosis sedentary behaviour on 
survival after a cancer diagnosis is inappropriate adjustment for mediators. All three 
of the studies of pre-diagnosis sedentary behaviour and colorectal cancer risk 
adjusted for stage or disease and treatment-related factors [89–91]. However, 
pre-diagnosis sedentary behaviour may influence colorectal cancer stage at diagnosis 
and therefore the treatment received; adjusting for these variables removes their role 
in the causal effect that sedentary behaviour has on survival after colorectal cancer 
diagnosis. 

The stronger relation noted for post-diagnosis sedentary behaviour to colorectal 
cancer-specific mortality may be a function of reverse causation. Studies of post-
diagnosis physical activity are also subject to immortal time bias [130], which can 
bias the results away from the null. Thus, the causal nature of the relationships 
observed in the studies of cancer survival are not certain.
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9.6.1 Improving Causal Inference 

In an ideal world, epidemiologists would be able to precisely quantify the causal 
effects of sedentary behaviour, at a population level, by conducting a randomised, 
controlled trial (RCT). In practice, RCTs are limited by a number of methodological 
challenges, including selection bias, loss to follow-up and compromised intervention 
compliance. It is unlikely that a RCT to test the efficacy of reducing sitting time for 
cancer prevention would be feasible, due to required sample size, trial duration and 
cost of ensuring adherence to the intervention, all of which would be prohibitive 
[131]. Therefore, observational studies are likely to remain the dominant method 
through which we investigate the association between sedentary behaviour and 
cancer risk. 

In observational studies, estimates of association cannot be generally interpreted 
as measures of effect, as the exposed and unexposed are not exchangeable 
[130]. However, there are multiple statistical techniques that can be applied to 
observational data in order to reduce bias and improve causal inference from these 
studies, such as use of propensity scores, inverse probability weighting and instru-
mental variable analysis [132]. Of particular relevance to sedentary behaviour and 
cancer research are analytic methods that allow for time-dependent exposure and 
confounding, such as marginal structural models and the g-formula. These methods 
may address the bias inherent when assessing a time-varying exposure in the 
presence of time-varying confounders that are affected by previous exposure 
[132]. For example, consider the relation of sedentary behaviour to colon cancer 
risk. Sedentary behaviour might be high because an individual is obese 
(BMI > kg/m2 ); BMI is also associated with colon cancer risk, and hence, BMI is 
a confounder. If, however, sedentary behaviour decreases, weight loss may result 
(making BMI a potential mediator). In turn, having lower BMI may result in less 
sedentary behaviour. In this example, BMI is a time-dependent confounder, which 
may also be in the causal pathway from sedentary behaviour to breast cancer. Simple 
adjustment for baseline sedentary behaviour and BMI in Cox proportional hazards 
regression models, as has been done in cohort studies examining sedentary behav-
iour and cancer risk to date, does not address the time-dependent nature of the 
exposure, but this can be addressed with methods that deal with time-dependent 
confounding [133]. Thus, there is scope for researchers to return to existing cohort 
studies and more fully exploit the repeated measures data available, to account for 
time-dependent exposure and confounding and to ascertain stronger causal 
inference. 

Another analytic approach that may help improve causal inference around sed-
entary behaviour and cancer is Mendelian randomisation. This method uses germline 
genetic variants as instrumental variables to test the causal effect of an exposure 
[134]. Doherty et al. had trained a machine-learning model using body cameras and 
diaries and applied this to identify sedentary activities (sitting/reclining; MET-value 
typically ≤1.5) in UK Biobank accelerometry data [135, 136]. Six single nucleotide 
polymorphisms (SNPs) were identified as associated with percentage time spent 
sedentary, calculated as the ratio of sedentary-to-total 30-second periods



[135]. These SNPs explained 0.08% of variance in sedentariness [135]. Dixon-Suen 
et al. recently used this genetic instrument to examine risk of breast cancer. They 
found an elevated risk for breast cancer overall (odds ratio (OR) = 1.20, 95% CI: 
0.93–1.55) and a strong risk increase for triple negative breast cancer (OR = 2.04, 
95% CI: 1.06–3.93) in the Breast Cancer Association Consortium [137]. 
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There is also a need within sedentary behaviour and cancer research for clearer 
conceptual approaches to analysis. An important element of this is to formalise 
assumptions made in modelling. Directed acyclic graphs (DAGs) are useful tools for 
helping researchers clarify their research questions and examine potential 
confounding pathways [138]. Encoding the direction of association between vari-
ables makes these assumptions clear to the reader. The use of DAGs in sedentary 
behaviour and cancer research may help to overcome inappropriate and unnecessary 
adjustment in multivariate models. Researchers may be able to construct different, 
but equally plausible, iterations of a DAG, which would inform different hypotheses 
to be tested, or sensitivity analyses to be undertaken. In particular, DAGs may be 
useful to help conceptualise and undertake appropriate mediation analyses, which 
are needed to better understand the relative contributions of different biological 
pathways through with sedentary behaviour acts on cancer risk. 

9.7 Summary 

Based on the evidence available, we suggest that sedentary behaviour is associated 
with in increased risk of endometrial (16%) and ovarian cancers (12%). There also 
seems to be a small risk increase for colon cancer (12%), pancreatic cancer (10%) 
and a very small but robust increase for breast cancer (6%). There is evidence of a 
small risk increase for all-cancer mortality (9%) and a significant risk increase for 
colorectal cancer-specific mortality (28% for pre-diagnosis sitting time; 60% for 
post-diagnosis sitting time). There is biologic plausibility for the observed and 
postulated associations between sedentary behaviour and cancer risk. Better mech-
anistic understanding will strengthen causal inference from epidemiological data, 
provide insights into gene-environment interactions and potentially inform precision 
public health initiatives. 
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Chapter 10 
Sedentary Behaviour and Depression 

Mark Hamer and Lee Smith 

Abstract Depressive symptoms are known to adversely influence longevity and 
well-being. In particular, depression is independently associated with cardiovascular 
disease and all-cause mortality and is often co-morbid with chronic diseases that can 
worsen their associated health outcomes. Several decades of evidence suggest that 
regular participation in exercise/physical activity promotes positive mood state, has 
anti-depressive effects, and can protect individuals from developing depression. 
More recently, researchers have turned their attention to the effects of sedentary 
behaviours on mental health. Sedentary leisure pursuits, such as viewing television, 
films, and playing video games, are generally perceived to be enjoyable and 
relaxing. It is therefore somewhat of a paradox that epidemiological data suggest 
sedentary behaviour may be a risk factor for depression independently from physical 
activity. In this overview, we examine new epidemiological evidence for an associ-
ation between sedentary behaviour and depressive symptoms and discuss biologi-
cally plausible mechanisms. In summary, the area of sedentary behaviour and mental 
health is an emerging area, but the lack of gold-standard experimental data makes 
causal inference challenging. 

What Is New?
• Evidence on sedentary and mental health largely comes from observational 

population studies. 
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• More recent work has deployed device-based assessments of sedentary 
time to overcome some of the limitations of self-report.

• Data from new cross-sectional studies have observed associations between 
greater device-assessed sedentary time and higher risk of depressive symp-
toms, but longitudinal data are lacking. 

10.1 Introduction 

Mental illness is now recognised as a serious health risk and accounts for approx-
imately 14% of the global burden of disease. Depression, one of the most common 
mental disorders, ranks third among disorders responsible for global disease burden 
and will rank first in high-income countries by 2030 [1]. Prospective studies have 
demonstrated that clinical and sub-clinical depression in initially healthy individuals 
relates to greater risk of future cardiovascular disease (CVD), diabetes, and mortality 
[2–4]. Depressive symptoms are a risk factor for poor prognosis in patients with 
existing coronary heart disease [5]. In a meta-analysis of prospective cohort studies 
[6], depression also predicted a 29% increase in cancer incidence and an 8% 
reduction in cancer survival. In addition, observational data from 60 countries has 
demonstrated that depression produces the greatest decrement in health compared 
with other chronic diseases, and the co-morbid state of depression incrementally 
worsens health compared with depression alone [7]. 

The prevention and treatment of depression is a crucial public health issue, 
although we presently have a limited understanding of the risk factors and optimal 
intervention strategies. Depression and stress-related disorders have various modes 
of treatment, including pharmacotherapy, psychotherapy, and lifestyle or 
behavioural modification. However, evidence shows that pharmacotherapy is only 
effective in about one-third of patients, and some only have a partial response to 
treatment [8], prompting the need to identify other forms of treatment. Several 
decades of evidence suggest that regular exercise/physical activity has anti-
depressive effects in patients and is associated with lower risk of developing 
depression in initially healthy individuals [9, 10]. More recently, researchers have 
turned their attention to the effects of sedentary behaviours on mental health. 
Sedentary leisure pursuits, such as viewing television (TV), films, playing video 
games, etc., are generally perceived to be enjoyable and relaxing. It is therefore 
somewhat of a paradox that emerging data, largely from observational studies, 
suggest sedentary behaviour may be a risk factor for depression independently 
from physical activity. This chapter presents an overview of the evidence linking 
sedentary behaviour with depressive symptoms and discusses the plausibility of the 
findings.
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10.2 Epidemiological Evidence on Sedentary Behaviour 
and Depression 

10.2.1 Evidence in Adults 

The epidemiological evidence in this area has largely come from cross-sectional 
studies, and stronger longitudinal evidence is generally lacking. In a recent system-
atic review and meta-analysis, twenty-four studies were identified, totalling nearly 
200,000 study participants [11]. Depression was defined in several ways, including 
self-reported doctor’s diagnosis, use of antidepressant medication, or interview or 
validated psychometric tools using depression rating scales. The pooled risk estimate 
showed that participants in the highest versus non-occasional/occasional sedentary 
behaviour groups were at 25% increased risk of depressive symptoms although 
effect estimates were somewhat attenuated when only longitudinal studies were 
included. The analyses also uncovered significant heterogeneity and variable study 
quality. For example, some studies did not adjust for key confounding variables such 
as physical activity, and dietary intake was often poorly measured or not included in 
analyses. Since crude measures of sedentary behaviour were used in most of the 
included studies, it was not possible to examine dose–response patterns. 

Several longitudinal studies have been published, although the results have been 
generally inconsistent. For example, several studies have demonstrated an associa-
tion between self-reported TV/computer time [12] and TV time alone [13] with 
higher risk of depression at follow-up. In another recent prospective study, the 
association between sedentary behaviour and depressive symptoms was only appar-
ent among individuals who did not meet the current physical activity guidelines 
[14]. Other longitudinal studies have produced conflicting findings. In one of the 
most robust studies to date that included four assessments at different time points 
over 10 years follow-up, total sitting time was not prospectively associated with 
depressive symptoms using lagged mixed effect modelling [15]. Instead, physical 
activity was the main factor in predicting depression over follow up. Data in over 
6000 men and women from the English Longitudinal Study of Ageing demonstrated 
cross-sectional associations between higher TV viewing and greater depressive 
symptoms, although TV did not predict changes in symptoms over follow-up, 
suggesting that the difference in depressive scores persisted but did not increase 
over time [16]. Interestingly, in that study, TV viewing time, but not computer use, 
was associated with higher depressive symptoms. Thus, it is difficult to tease apart if 
the effects are being driven by physiological processes linked to excessive sitting or 
the contrasting environmental and social contexts in which they occur. For example, 
passive activities such as TV viewing may encourage a greater volume of prolonged 
sitting; conversely, internet use may encourage social interaction. Other recent work 
has shown possible links between interruptions in sedentary time and mental health 
[17]. Another issue to consider is reverse causation in that depression may, in part, 
drive increases in sedentary habits. Several studies have provided evidence to



support this notion [18, 19]. Thus, associations between sedentary time and depres-
sion are likely to be bi-directional. 
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A major weakness of this area has been the reliance on self-reported measures of 
sedentary time; self-report can cause biases, which might be particularly marked in 
depression as some of the somatic symptoms have conceptual overlap with seden-
tary behaviour. Physical activity can be assessed objectively using accelerometers, 
which are devices that measure body movements in terms of acceleration. These data 
can be used to accurately assess the time spent across different parts of the physical 
activity continuum ranging from highly vigorous activity to sleeping. Relatively few 
studies have examined associations between device-assessed sedentary time and 
mental health, although the literature has been steadily evolving [20–28] (see 
Table 10.1). Among the nine studies published to date, six observed relationships 
between greater sedentary time and higher odds of depressive symptoms, whilst two 
reported null associations, and one found increased symptoms if sedentary time was 
replaced by light activity. It should be noted that all but one were cross-sectional 
studies; thus, the direction of the association remains unclear. The associations 
between sedentary time and mental health are largely independent of moderate-to-
vigorous-intensity activity but may in part be explained by differences in the ratio of 
sedentary to light-intensity activity. Modifying the balance between sedentary time 
and light-intensity activity could therefore be beneficial for mental health, as 
suggested by other recent studies [29, 30]. Evidence from randomised controlled 
trials also suggests more favourable effects of undertaking lighter to moderate 
intensity exercise on positive mood/fatigue symptoms as opposed to vigorous 
exercise [31, 32]. Inconsistent findings might be attributable to different cut-off 
points adopted when interpreting data from accelerometers, and thus the develop-
ment of definitive guidelines tackling these issues is required. In addition, acceler-
ometer devices are limited in that they cannot be worn for all activities such as 
swimming and contact sports, and defining ‘non-wear’ time can therefore be prob-
lematic. Thus, self-report and objective measures both have their advantages, and an 
optimal method is to combine both approaches. 

10.2.2 Evidence in Young People 

Capturing mental health in children is more challenging as assessments often use 
proxy measures from parents and teachers. However, given that sedentary habits 
appear to track from childhood into adulthood [33], childhood exposure represents a 
crucial period. Recent evidence from a meta-analysis included twelve cross-sectional 
studies and four longitudinal studies involving a total of 127,714 children and 
adolescents [34]. Overall, sedentary behaviour was associated with a modest 12% 
increased risk of depression, although the pooled effect estimate from longitudinal 
studies was non-significant, and heterogeneity was high. In addition, the associations 
were context specific, and pooled effects were significant only for computer/internet 
use and not for other forms of sedentary time including TV or video games. The high
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Table 10.1 Summary of evidence from observational cohort studies on device-assessed sedentary 
behaviour and depressive symptoms 

Cohort/study design 
characteristics 

Vallance 
et al. 
(2011) 

2005–2006 US National 
Health and Nutrition 
Examination Survey, 
cross-sectional (n = 2862, 
aged 45.7 years, 50.2%♀) 

Hip-mounted Actigraph; 
Patient Health Question-
naire-9 

In overweight/obese par-
ticipants only, those in 
quartile 4 (most seden-
tary) had 3.0-fold higher 
odds for depression 

Hamer 
et al. 
(2014) 

2008 Health Survey for 
England, cross-sectional 
(n = 1947; age 50 years; 
51.9% ♀) 

Hip-mounted Actigraph; 
General Health 
Questionnaire 

Highest tertile of seden-
tary behaviour associated 
with 1.7-fold increased 
odds of depression 

Yasunaga 
et al. 
(2018) 

Cross-sectional, Japan 
(n = 276; age 74.4 years; 
38% ♀) 

Hip mounted active style 
Pro HJA-350IT; 15-item 
Geriatric Depression Scale 

Sedentary behaviour 
associated with higher 
depressive scores 

Chu et al. 
(2018) 

The Singapore health 
2 study, cross-sectional 
(n = 703; age 45 years; 
55%♀) 

Hip-mounted Actigraph; 
Kessler Screening Scale 
and General Health 
Questionnaire 

Highest tertile of seden-
tary behaviour associated 
with 1.9-fold increased 
odds of depression 

Dillon 
et al. 
(2018) 

Primary care sample, Ire-
land, cross-sectional 
(n = 2047; age 
59.6 years; 53.9% ♀) 

Wrist-worn GENEActiv; 
Centre for Epidemiologic 
Studies Depression scale 

No associations between 
sedentary and depressive 
symptoms 

Okely 
et al. 
(2019) 

Lothian Birth Cohort 
1936 (n = 271), West of 
Scotland Twenty-
071950s (n = 309) and 
1930s (n = 118) cohorts. 
Cross-sectional (age 
range 65–83 years) 

Thigh-mounted 
ActivPAL; Hospital Anx-
iety and Depression Scale 

Symptoms of depression 
positively associated with 
sedentary time in the 
LBC1936 and twenty-
071950s cohort 

Konopka 
et al. 
(2020) 

Maastricht study, Nether-
lands, prospective 
(n = 2082; age 
60.1 years; 48.8%♀) 

Thigh mounted 
ActivPAL; 9-item Patient 
Health Questionnaire 
(measured annually over 
4 years of follow-up) 

No associations between 
sedentary and depressive 
symptoms 

Tully 
et al. 
(2020) 

Community-dwelling 
men and women aged 
≥65 years from Denmark, 
Spain, Germany, and 
Northern Ireland 
(n = 1360; age 
75.1 years) 

Hip-mounted Actigraph; 
Hospital and Anxiety 
Depression Scale 

Substituting 30 minutes 
of sedentary with light 
PA was associated with 
increased depression 

Biddle 
et al. 
(2021) 

Patient cohort, UK, cross-
sectional (n = 1574; age 
59.1 years; 48.6%♀) 

Thigh mounted 
ActivPAL; Hospital Anx-
iety and Depression Scale 

Total and prolonged sit-
ting is associated with 
14% increased odds of 
depression



degree of heterogeneity possibly reflects reporting biases in addition to the signifi-
cant limitations discussed earlier. In one of the largest studies to date containing over 
half a million adolescents from 42 European and North American countries, detri-
mental associations between screen time and mental well-being started when screen 
time exceeded 1 h per day [35]. There are little longitudinal data with extended 
follow-up to explore how childhood sedentary behaviours related to mental health in 
adulthood. In a recently published study using data from the 1970 British Cohort 
study, higher screen time at the age of 16 was associated with depressive symptoms 
at the age of 42, although the association was attenuated after adjustment for 
covariates [36]. Thus, it is possible that screen time in adolescence is a marker for 
other lifestyle factors and socioeconomic circumstances that have important life 
course influences on mental health. Recent longitudinal studies incorporating 
device-based assessment of sedentary time have reported conflicting findings 
[37, 38]. Another important use of birth cohort studies is to investigate the issue of 
reverse causality that might be in operation. Indeed, a recent study using the 1958 
birth cohort showed that the bi-directional association between physical activity and 
depression is modified by age in that it is more persistent during adult life in the 
direction from activity to depressive symptoms, whereas depressive symptoms in 
early adulthood may be a barrier to activity [39].
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Taken together, the epidemiological evidence largely suggests sedentary behav-
iour within certain contexts is an emerging risk factor for depressive symptoms. 
These data should be interpreted in light of several limitations including potential for 
residual confounding and lack of gold standard experimental data. 

10.3 Plausible Mechanisms 

There are several biological pathways that might explain the observed associations 
between sedentary behaviours and depression, although to date there is little empir-
ical evidence available. Thus, in this section, we will outline various hypothesised 
mechanisms largely drawn from the literature in exercise and psychobiology. 

10.3.1 The Immune System 

There has been much interest in the association between depressive symptoms and 
inflammatory risk markers [40]. Several studies have reported elevated concentra-
tions of various inflammatory markers in differing populations reporting depressive 
symptoms, including the medically healthy [41, 42], elderly [43–45], and patients 
with acute coronary symptoms or existing CVD risk factors [46, 47]. Experimental 
work has also demonstrated a link between inflammation and mood. Using a 
vaccination model to induce a mild inflammatory challenge, greater increases in 
negative mood were observed after vaccine compared with placebo among



30 healthy male volunteers [48]. In addition, negative changes in mood following 
vaccination were significantly correlated with increases in interleukin (IL)-6 pro-
duction. Notably, no significant symptoms of nausea were reported, so it cannot be 
argued that negative mood arose because the participants were feeling ill. 
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A large amount of interest has also focused on the potential effects of exercise/ 
inactivity and inflammatory responses. It has been argued that the increases in 
circulating IL-6 that is observed after an acute bout of exercise promote an anti-
inflammatory environment by increasing IL-1 receptor antagonist and IL-10 synthe-
sis, while inhibiting pro-inflammatory markers such as tumour necrosis factor-alpha 
(TNF-α) [49]. The cytokines released during exercise are thought to originate from 
exercising skeletal muscle, which work in a hormone-like fashion exerting specific 
endocrine effects on various organs and signalling pathways [50]. Unlike IL-6 
release during acute mental stress, which appears to be dependent on activation of 
the NFκB signalling pathway [51], intramuscular IL-6 expression is regulated by a 
network of signalling cascades that are likely to involve the CA2+ /NFAT and 
glycogen/p38 MAPK pathways. This might partly explain why exercise-induced 
IL-6 release is not acting as a strong pro-inflammatory agent. This hypothesis might 
also explain why a large number of observational studies have demonstrated an 
inverse association between regular physical activity and various pro-inflammatory 
markers in humans [52]. In addition, we demonstrated longitudinal associations 
between sedentary behaviour and increases in various acute phase reactants and 
coagulation markers in older adults over a four-year follow-up [53]. Some of the 
effects of inactivity may be partly explained through the accumulation of visceral 
adiposity, which is an important production site for acute phase reactants and IL-6. 

Given the described relationship between both mood and sedentary behaviour 
with inflammatory pathways, it is feasible to hypothesise that the link between 
sedentary behaviour and risk of depressive symptoms might be partly explained 
by an underlying inflammatory mechanism. However, in an observational study of 
5000 men and women, the association between sedentary behaviour and depressive 
symptoms was largely explained through lack of physical activity, smoking, and 
alcohol, but not by C-reactive protein (CRP) or body mass index [54]. 

10.3.2 Neurobiology 

The anti-inflammatory effects of exercise might also be relevant at a neurobiological 
level, since alterations in neurotransmitter function involving serotonin, norepineph-
rine, and dopamine are known to induce depression and are targets for currently 
available psychopharmacological treatments. Exercise is thought to alter serotonin 
metabolism, release endogenous opioids, and increase central noradrenergic neuro-
transmission, which may all contribute to antidepressant and anxiolytic effects. The 
dopaminergic system is thought to play a key role in depression, and polymorphisms 
of the dopamine D2 receptor gene have also been implicated in physical activity 
behaviour [55]. Further research has focused on the hippocampus, where



exercise-induced neurogenesis and growth factor expression have been proposed as 
potential mediators [56]. Exercise has been linked with several growth factors, such 
as brain-derived neurotrophic factor (BDNF) and insulin-like growth factor (IGF-1), 
which might mediate the protective and therapeutic effects of exercise on depression. 
Studies have shown that an acute bout of exercise increases peripheral levels of 
serum BDNF in an intensity dose-dependent fashion, but resting levels of BDNF do 
not seem to be affected by long-term exercise training [57], suggesting that other 
compensatory mechanisms might be at play. The BDNF hypothesis has yet to be 
tested in relation to sedentary behaviour. There is also evidence to suggest that the 
pro-inflammatory cytokines impair some of the growth factor signalling pathways in 
the brain [58]; thus, pro-inflammatory actions of excess sedentary behaviour may 
again be important. 
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10.3.3 Hypothalamic Pituitary Adrenal (HPA) Axis 

The interaction of the immune system with the HPA axis and the autonomic nervous 
system plays a crucial role in mental health. Following mental stress, the sensitivity 
of the immune system to dexamethasone inhibition (a synthetic version of the 
hormone cortisol that has potent anti-inflammatory properties) is reduced, as 
manifested by a reduction in this hormone’s capacity to suppress the production of 
inflammatory cytokines [59]. In endurance-trained individuals, however, an acute 
bout of exercise has been shown to increase tissue sensitivity to glucocorticoids, 
which is thought to act as a mechanism to prevent an excessive muscle inflammatory 
reaction [60]. HPA axis dysregulation and cortisol hyper-secretion has been impli-
cated in mental health and some studies have shown lower stress-induced cortisol 
responses in physically trained individuals compared to the untrained [61, 62], 
suggesting that physical activity may act as a buffer against exaggerated or sustained 
stress responses. Nevertheless, in a study of objectively assessed physical activity 
levels and cortisol responses to acute mental stress, no associations were found 
[63]. There is currently very little evidence on sedentary behaviour and HPA 
function, although recent work in a cohort of older adults suggested null associations 
between self-reported TV viewing and cortisol levels measured from hair [64]. 

10.3.4 Psychosocial Mechanisms 

Several non-biological mechanisms may also exist. For example, passive sedentary 
activities such as TV viewing might encourage social isolation and limit the devel-
opment of social networks known to be linked with depression. 

In summary, there is mounting evidence to suggest the detrimental effects of 
excess sedentary time on mental health, although plausible biological mechanisms 
are currently lacking. There are numerous data showing associations between



sedentary time and cardio-metabolic risk factors [53, 65]; thus, the underlying 
mechanisms might partly act through these pathways. 
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10.4 Experimental Evidence 

Experimental trials have demonstrated favourable effects of exercise training on 
reducing depressive symptoms, with effect sizes ranging from 1.03 to 0.58, respec-
tively [66]. There are, however, limited experimental data on the effects of sedentary 
behaviour. The exercise withdrawal paradigm represents a possible experimental 
model to investigate the links between sedentary behaviour, mood, and the under-
lying biology. We and others have hypothesised that mood disturbances caused by 
replacing regular exercise with sedentary behaviour might act as a mild inflamma-
tory stimulus. However, recent studies have been unable to confirm this hypothesis. 
Several studies, including one of our own that have successfully induced an 
increased negative mood following several weeks of exercise withdrawal, did not 
find any changes in a range of inflammatory markers, such as IL-6, CRP, TNF-α, 
fibrinogen, and soluble intracellular adhesion molecule-1 [67, 68]. Similarly, 
one-week withdrawal from exercise in highly active men did not elicit any substan-
tial changes in CRP, IL-6, TNF-α, and circulating leukocyte concentration 
[69]. Healthy men who reduced their daily step count by 85% for two weeks 
developed impaired glucose tolerance, attenuation of postprandial lipid metabolism, 
and a 7% increase in intra-abdominal fat mass, although plasma cytokines and 
muscular expression of TNF-α was not altered [70]. However, another study 
reported that reduced parasympathetic nervous activity as measured by heart rate 
variability was predictive of negative mood following exercise withdrawal [71]. 

In a further study, we investigated the impact of exercise withdrawal on psycho-
physiological responses to mental stress.. However, responses to laboratory-induced 
stress tasks are not meaningful in themselves, they reflect the way that people 
respond to stress in daily life, and this method can sometimes detect differences 
that might not otherwise be seen under resting conditions. Although the effects of 
cytokines are often thought to be transient, they may provoke a time-dependent 
sensitisation so that the response to a later cytokine or stressor stimulus is enhanced, 
resulting in an increased vulnerability to depressed mood [72]. We experimentally 
manipulated sedentary time by asking a group of habitual exercisers to replace their 
regular exercise training with sedentary activities for two weeks [73]. The adherence 
to the intervention was mixed, as indicated by objective accelerometry physical 
activity records, but on average sedentary time increased by 32 min/day during the 
experimental condition compared to control, that closely mirrored increases in mood 
disturbances. In particular, increases in sedentary behaviour caused a reduction in 
vigour, greater fatigue, and a general increase in somatic symptoms compared to 
control conditions (see Fig. 10.1). In participants with greater mood disturbances, we 
observed significantly higher inflammatory responses to mental stress compared to 
those with low or no mood disturbance. In the same study, cortisol responses to



mental stress were higher in the intervention phase compared to the control period 
with a significant difference emerging at 20 minutes post-stress. These results, 
although preliminary, suggest that psychobiological factors may in part mediate 
the effects of sedentary behaviours on mental health. 
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Fig. 10.1 The effect of a two-week sedentary intervention on mood symptoms and psychological 
distress measured using Profile of Mood States and General Health Questionnaire, respectively 

10.5 Summary 

The link between common sedentary activities and mental health is somewhat 
paradoxical. Many people choose to spend large amounts of time in screen-based 
activities, for example, watching TV, films, etc., which are generally viewed as 
being pleasurable and relaxing. The emerging science, however, suggests that 
exposure to sedentary lifestyles is associated with greater risk of depressive symp-
toms and poor well-being. These associations appear to be stronger for certain 
domains of sedentary behaviour; thus, context is an important aspect to consider in 
future work. To date, the evidence has been largely generated from observational 
population studies, and experimental work is lacking. More recent work has 
deployed device-based assessments of sedentary time to overcome some of the 
limitations of self-report. Current evidence should be interpreted in light of several 
limitations including the potential for residual confounding and lack of gold-
standard experimental data. Some evidence suggests that sedentary time directly 
influences psychobiological responses, including adaptations to the immune system, 
HPA axis, and autonomic nervous system, which might be a plausible mechanism 
underlying the links between sedentary behaviour and adverse mental health.
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Chapter 11 
Sedentary Behaviour and Adiposity 

Carmen Jochem, Daniela Schmid, and Michael F. Leitzmann 

Abstract Obesity is thought to represent an intermediate variable in the pathway 
linking sedentary behaviour to the development of chronic disease, yet its role in the 
sedentary behaviour context has not been resolved. A large number of cross-
sectional studies, prospective studies, and randomised controlled trials have exam-
ined the potential obesogenic effect of prolonged sedentary behaviour in children 
and adolescents, where television viewing has been the focus of the majority of 
studies. Although numerous studies have investigated the association between 
sedentary behaviour and adiposity, the evidence remains unclear whether prolonged 
time spent sedentary is associated with adiposity in children and adolescents. The 
association may be partly explained by unhealthy eating behaviour associated with 
television viewing. Furthermore, the current literature provides insufficient evidence 
for a positive relation between sedentary behaviour and adiposity among adults. 
Future prospective studies and randomised controlled trials using device-based 
measures to assess sedentary behaviour are needed to clarify the role of obesity in 
the sedentary behaviour context. 

What Is New?
• The evidence regarding the association between sedentary behaviour and 

adiposity in children and adolescents remains inconsistent. 
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• Whereas cross-sectional studies indicate a positive relationship between 
sedentary behaviour and adiposity in children and adolescents, many pro-
spective studies do not confirm this association.

• Based on randomised controlled trials, there seems to be no evidence for a 
causal association between sedentary behaviour and adiposity in children 
and adolescents.

• Evidence for an association between sedentary behaviour and adiposity in 
adults and elderly adults from observational and interventional studies 
remains inconclusive.

• Further studies using device-based methods are needed to draw more 
definitive conclusions about the associations between sedentary behaviour 
and adiposity in different population groups. 

11.1 Introduction 

Globally, the prevalence of overweight and obesity in young people and adults is 
alarmingly high, with approximately 39 million overweight children under 5 years of 
age and more than 1.9 billion overweight adults, of which over 650 million adults are 
obese [1–3]. During the past several decades, the number of overweight children and 
adults has risen dramatically [1]. Low- and middle-income countries have been 
particularly affected, where the number of overweight children has more than 
doubled since 1990, from 7.5 million to 15.5 million. The proportion of overweight 
and obese adults increased from 28.8% to 36.9% between 1980 and 2013 in men and 
from 29.8% to 38.0% in women, worldwide [1]. In 2016, 39% of men and 40% of 
women were overweight [3]. 

According to the Global Burden of Diseases study, approximately 23% children 
and adolescents in developed countries were overweight or obese in 2013 (compared 
to 16% in 1980) [1]. In developing countries, approximately 13% boys and girls 
were overweight or obese in 2013 (compared to 8% in 1980). In developing 
countries, the rates of overweight and obesity are higher in women, whereas in 
developed countries, the prevalence of overweight and obesity is higher in men. 
Considering rates of obesity only, women exhibit higher rates in both developed and 
developing countries [1]. Whereas rising trends in children’s and adolescent’s body 
mass index (BMI) have plateaued at high levels in many high-income countries, 
trends are accelerating in parts of Asia [4]. Worldwide, overweight or obesity (i.e., a 
BMI ≥ 25 kg/m2 ) is responsible for an estimated 160 million global disability-
adjusted life-years (DALYs) and 5.02 million deaths [5]. Overweight and obesity 
increase the risk of a number of chronic diseases, including coronary heart disease, 
ischemic stroke, type 2 diabetes mellitus, and certain types of cancers [6, 7]. 

Overweight and obesity during childhood are associated with adult adiposity 
[8]. Thus, overweight and obesity in children and young people is a global public 
health issue of great relevance. In 2014, the World Health Organization established



the Commission on Ending Childhood Obesity [9] to develop a comprehensive set of 
recommendations to prevent and address childhood obesity. One of the main 
recommendations of the commission is to reduce sedentary behaviours and to 
promote physical activity in children and adolescents. 
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In the past decade, numerous observational and intervention studies investigated 
the relation between sedentary behaviour and adiposity. The following chapter 
provides an overview of the main findings of these investigations, followed by a 
brief discussion of potential biologic mechanisms involved. For further details on the 
prevalence and correlates of sedentary behaviour, please refer to Chap. 2. 

11.2 Sedentary Behaviour in Relation to Adiposity 
in Children and Adolescents 

Numerous reviews and meta-analyses examined the association between sedentary 
behaviour and adiposity in children and adolescents [10–36]. A selection of system-
atic reviews and meta-analyses that have summarised the available information on 
sedentary behaviour and adiposity in childhood and adolescence published since 
2010 is presented in Table 11.1. 

11.2.1 Relationship Between Sedentary Behaviour 
and Adiposity: Evidence from Observational Studies 

Numerous observational studies investigated the relationship between sedentary 
behaviour and adiposity in children and adolescents. The findings of these observa-
tional studies have been summarised by various systematic reviews and meta-
analyses. In 2017, Biddle and colleagues published an umbrella systematic review 
of systematic reviews and meta-analyses that aimed to provide a comprehensive 
overview of the inconsistent literature on sedentary behaviour and adiposity in 
children and adolescents [19]. Findings from a total of 29 systematic reviews and 
meta-analyses were summarised. Of these, 19 reviews reported data from observa-
tional studies (cross-sectional: N = 4; prospective: N = 5; both: N = 10). In sum, 
systematic reviews that synthesised results from cross-sectional studies indicated 
weak positive relations of television viewing and screen time to adiposity in children 
and adolescents. Furthermore, there was some evidence for a positive association 
with computer use. However, reviews that summarised the findings from longitudi-
nal studies showed less consistent results—depending on different measures of 
exposure and outcome used. For both cross-sectional and longitudinal study designs, 
there seems to be no evidence for an association between total sedentary time and 
adiposity in children and adolescents when sedentary behaviour was assessed 
objectively (i.e., using accelerometers).
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To provide more detailed information, the results of selected systematic reviews 
and meta-analyses including observational studies will briefly be described here. 

A large systematic review by Tremblay et al. found that 94 of 119 cross-sectional 
studies reported that greater amounts of sedentary time were related to increased risk 
of adiposity in school-aged children and adolescents [34]. Based on a dose–response 
analysis of television watching time and overweight/obesity, the review concluded 
that >2 hours of television viewing per day is associated with an increased risk for 
developing adiposity. Similarly, a review by Costigan et al. observed a positive 
relation between screen-based sedentary behaviour and body weight in 11 of 
12 cross-sectional studies in adolescent girls, particularly for screen time exceeding 
2 hours per day [32]. 

A meta-analysis by Zhang et al. of 14 cross-sectional studies in children and 
adolescents (age range 1–18 years) compared the highest with the lowest categories 
of television watching and reported a pooled odds ratio (OR) of adiposity of 1.47 
(95% confidence interval (CI) = 1.33–1.62) [23]. When stratified by sex, a positive 
relation between television watching and adiposity was apparent in both boys 
(OR = 1.30, 95% CI = 1.16–1.45) and girls (OR = 1.26, 95% CI = 1.11–1.41). 
Also, effect estimates were similar among preschool children and school children. In 
linear dose–response analyses, each 1 h per day increment in television watching 
was associated with a 13% increased risk of adiposity. 

In a systematic review of cross-sectional studies, Cliff et al. reported that 11 of 
48 studies reported a significant positive association between objectively assessed 
sedentary behaviour and adiposity in children [21]. Their meta-analysis of 27 cross-
sectional studies yielded a weak but statistically significant positive relation between 
the two (r = 0.07, 95% CI 0.00 to 0.13, p = 0.024). However, a large degree of 
heterogeneity between studies was noted, and statistical significance of the pooled 
risk estimate remained evident only in lower quality studies and those that were not 
adjusted for physical activity. Prentice-Dunn et al. [28] reviewed the data from nine 
cross-sectional studies and noted a positive association between sedentary behav-
iours and child weight status in seven studies that relied on self-reported sedentary 
behaviour, but found no relation in two studies that used objective sedentary 
behaviour data. The heterogeneous findings according to study quality and mode 
of sedentary behaviour assessment in those studies highlight the challenge in 
accurately capturing sedentary behaviour levels and the need to address potential 
confounding by unhealthy diet or insufficient physical activity. 

The aforementioned review of cross-sectional studies by Prentice-Dunn and 
colleagues also summarised the sparse data on sedentary behaviours other than 
television viewing, such as playing video games, internet use, and cell phone use 
[28]. According to that review, three studies revealed a positive association between 
playing video games and adiposity [37–39], whereas one study found no association 
between PC use and weight [40]. One study also reported that cell phone use was not 
associated with adiposity unless cell phones were used to play video games 
[41]. That study [41] also showed a positive association between internet use and 
BMI in adolescents. Due to the limited number of studies that investigated the 
association between sedentary behaviours other than television watching and



adiposity in children and adolescents, there is a need for further studies—especially 
of prospective design—to draw firm conclusions regarding the relation of sedentary 
behaviours other than television viewing to adiposity. 
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In addition to the impact of total sedentary time on risk for adiposity, the way 
sedentary time is accumulated may also be relevant. Five of six cross-sectional 
studies reviewed by Cliff et al. showed no statistically significant association 
between number of breaks in sedentary behaviour and adiposity [21]. However, 
one cross-sectional study [42] found that breaks in sedentary time and the number of 
sedentary bouts lasting 1–4 min were inversely related to BMI in children with a 
family history of obesity. More research is needed to determine whether avoiding 
prolonged uninterrupted periods of sedentary time provides protection from risk of 
developing obesity. 

Furthermore, a meta-analysis that investigated the associations between objec-
tively assessed sedentary behaviour and metabolic syndrome in more than 6000 
children and adolescents in cross-sectional analyses showed that an increase of one 
hour in sedentary time per day was positively associated with the metabolic syn-
drome (OR = 1.28; 95% CI = 1.13–1.45) [43]. However, that association was 
attenuated and was rendered statistically non-significant after adjustment for 
moderate-to-vigorous intensity physical activity (OR = 1.14; 95% CI = 0.96–1.36). 

Taken together, findings from cross-sectional studies (and from reviews 
summarising those studies) suggest a weak positive association between sedentary 
behaviour—particularly television watching in excess of 2 hours per day—and 
adiposity in children. However, numerous issues need to be kept in mind when 
interpreting the findings of those studies. Importantly, analyses were based on cross-
sectional study designs that are unable to assess the directionality of the relation of 
sedentary behaviour to obesity; thus, the temporal relation is unclear, i.e., which 
came first. Also, investigations on television watching were self-reported, which 
may have contributed to measurement error in those studies. In addition, the 
cut-points for weight status and BMI were not entirely consistent across studies, 
making it challenging to compare and synthesise the results. 

In addition to cross-sectional studies on the relationship between sedentary 
behaviour and adiposity in children and adolescents, a large number of prospective 
studies investigated this relationship and have been summarised by systematic 
reviews and meta-analyses. 

In addition to the synthesised results of the comprehensive review by Biddle and 
colleagues, the results of selected systematic reviews and meta-analyses including 
prospective studies will briefly be described here. According to an early systematic 
review by Tremblay et al. of studies in children and adolescents (age range 
5–17 years), 19 of 28 prospective studies found a positive association between 
sedentary time and risk of adiposity [34]. Consistent with this, a review by Costigan 
et al. of studies on girls aged 12–18 years reported a positive relation of screen-based 
sedentary behaviour to body weight in all six prospective studies considered [32]. A 
more recent meta-analysis by van Ekris et al. of studies in children less than 18 years 
of age combined the data from nine prospective studies and reported a statistically 
non-significant association between television viewing and adiposity. Likewise, the



summary estimates from five prospective studies yielded no relation between com-
puter use/game time and objectively assessed total sedentary time. However, when 
combining all different sedentary measures, there was evidence for a positive 
association with adiposity [20]. 
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A number of studies prospectively examined the association between television 
watching and adiposity in toddlers and preschoolers. One systematic review by 
LeBlanc et al. [27] and another by te Velde et al. [33] summarised the data from 
prospective studies that examined the association between television watching, 
computer use, or computer/video gaming and measures of adiposity in toddlers 
and preschoolers and found low-to-moderate evidence that increased screen time 
is associated with greater adiposity. 

A number of studies prospectively examined the association between sedentary 
behaviour and subsequent change in adiposity. One observational study [44] pro-
spectively investigated the association between television watching and body fat 
change in children from preschool to early adolescence. By age 11, those who 
watched 3 or more hours of television per day as preschoolers had greater subse-
quent increases in body fat than those who watched less than 1.75 h of television per 
day. Results remained robust after controlling for baseline body fat and level of 
physical activity. Similarly, a prospective study found that television viewing among 
3- to 4-year-olds was positively related to BMI assessed at 3 years of follow-up 
[45]. In contrast, a prospective study of children aged 0–6 years [46] found that 
increased television watching was related to increased adiposity, but that association 
was no longer apparent when commercialised television viewing was controlled for, 
suggesting that the increase in adiposity was explained by the content of the 
television (i.e., advertisements) and not the sedentary behaviour itself. As 
summarised by an early systematic review by Chinapaw et al. of 26 prospective 
cohort studies in children aged 3–17 years at baseline, there is insufficient evidence 
for a positive relation of sedentary time to markers of adiposity [35]. Focusing on 
high quality studies, Chinapaw et al. noted that only four of six studies on BMI and 
two of four studies on waist circumference, fat percentage, or skinfold thickness 
found a significant positive relation of sedentary time to indicators of fat mass. 

Two subsequent reviews, one by Tanaka et al. [24] and the other by Pate et al. 
[26], summarised the data from prospective studies that used objective measures of 
sedentary behaviour. Two individual studies [47, 48] found no relation between 
sedentary time and change in adiposity. Similarly, one prospective study showed a 
null association between changes in sedentary time and changes in BMI or body fat 
mass [49]. In contrast, one prospective study found a statistically significant relation 
of increased sedentary behaviour to increased BMI at the 90th, 75th, and 50th 
percentiles between ages 9 and 15 years, independent of moderate-to-vigorous 
physical activity [50]. Another prospective study reported a borderline significant 
relation of increased time spent sedentary to increased BMI in girls but detected no 
association in boys [51]. The observed heterogeneity in the results of those studies 
may be due to differences in statistical modelling of the data, variation in the 
assessments of adiposity, and differences in covariates included in the models.
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Since the publication of the comprehensive review of reviews by Biddle and 
colleagues [19], further systematic reviews and meta-analyses have summarised the 
relationship between sedentary behaviour and adiposity (see Table 11.1). However, 
those reviews and meta-analyses often included many older studies. Thus, their 
findings vary and the overall evidence remains inconsistent. 

Taken together, there is limited prospective evidence for a relation of sedentary 
time or changes in sedentary time to changes in adiposity in children and 
adolescents. 

11.2.2 Relationship Between Sedentary Behaviour 
and Adiposity: Evidence from Intervention Studies 

Findings of intervention studies on the relation between sedentary behaviour and 
adiposity in children and adolescents have been summarised by various systematic 
reviews and meta-analyses. The systematic review of reviews and meta-analyses by 
Biddle and colleagues included ten reviews that focused on intervention studies 
[19]. Out of these, six reviews showed that sedentary behaviour interventions caused 
favourable changes in weight status, whereas four reviews reported inconsistent or 
null effects. To provide more detailed information, the results of selected systematic 
reviews and meta-analyses including intervention studies will briefly be described 
here. A meta-analysis by Azevedo et al. [22] included 67 trials and found that 
sedentary behaviour interventions led to a small but statistically significant reduction 
in BMI (standardised mean difference = -0.060 (95% CI = -0.098 to -0.022), 
with a more pronounced BMI reduction in overweight or obese children 
(standardised mean difference = -0.255, 95% CI = -0.400 to -0.109). A meta-
analysis by Liao et al. [25] included 25 RCTs and reported a small but statistically 
significant effect of sedentary behaviour interventions on BMI reduction when 
studies on sedentary behaviour were combined with other interventions, including 
physical activity and diet (Hedge’s g = -0.073, p = 0.021) but not for single 
sedentary behaviour interventions. By comparison, van Grieken et al. [31]  in  
pooled analysis of 34 intervention studies found a statistically significant BMI 
difference of -0.25 kg/m2 (95% CI = -0.40 to -0.09) in favour of the intervention 
group for single sedentary behaviour interventions as well as for multiple health 
behaviour interventions. Tremblay et al. [34] combined the data from 4 RCTs and 
showed that interventions aimed at reducing sedentary behaviour showed a statisti-
cally significant effect on BMI reduction (-0.89 kg/m2 , 95% CI =-1.67 to-0.11). 
In a review of intervention studies that explored effective strategies for reducing 
screen time in various settings, Schmidt et al. [29] reported that nine of 18 interven-
tion studies found a positive effect of reduced screen time on lowering BMI. This is 
consistent with a review by Leung et al. [30] of 12 intervention studies that reported 
a beneficial impact of decreasing sedentary behaviour on markers of adiposity in 
school-age youth.
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It is important to note that most of the individual studies summarised in the above 
reviews and meta-analyses targeted sedentary behaviour alongside other behaviours, 
such as physical activity, diet, sleep, breastfeeding, or motor skills. Thus, those 
studies focused on the effect of multicomponent interventions and not on sedentary 
behaviour only. Therefore, it remains unclear whether the observed decrease in BMI 
reduction was due to reduced sedentary behaviour, increased physical activity, 
enhanced diet, or any combination thereof. It is worth pointing out that a meta-
analysis by Wahi et al. [36] included six RCTs on the effect of sedentary behaviour 
reduction on BMI change, five of which did not have a co-intervention and found no 
significant BMI change (-0.10 kg/m2 (95% CI = -0.28 to 0.09). Taken together, 
behaviour change interventions that also include a reduction in sedentary behaviours 
show modest effects on BMI reduction in children, but interventions that focus 
solely on reducing screen time may not be effective, and additional behaviours (i.e., 
diet and physical activity) may need to be targeted to generate significant decreases 
in weight. 

11.2.3 Evidence Regarding the Causality of the Association 
Between Sedentary Behaviour and Adiposity 

The inconsistency of results regarding the association between sedentary behaviour 
and adiposity in children and adolescents raises the question of whether and to what 
degree the association can be considered causal. In order to address this question, 
Biddle and colleagues used the Bradford Hill criteria [52] and assessed the strength 
of association, consistency, specificity, temporality, coherence and biological plau-
sibility, dose-response, and experimental evidence in the reviews and meta-analyses 
included in their review of reviews [19]. Although these criteria might be helpful in 
judging causality, they may not be considered conclusive. 

First, they reported weak support regarding the (consistently low) strength of 
association between sedentary behaviour and adiposity in children and adolescents 
from both observational and intervention studies. Second, the consistency of the 
evidence across different populations and different settings was reported to be 
moderate to weak, with stronger evidence for an association in children than 
adolescents. However, this could be explained by the larger number of studies 
conducted in children than adolescents, as well as by the influence of maturation 
and associated confounding measures of adiposity. Weak consistency was reported 
for measures of sedentary behaviour and markers of adiposity. Also, there was 
inconclusive evidence regarding sex differences. Third, Biddle and colleagues 
concluded that there is no evidence for specificity (i.e., whether adiposity is mainly 
limited to the presence of sedentary behaviour). However, this criterion is not very 
meaningful because adiposity is influenced by several factors. Fourth, the evidence 
for temporality (i.e., whether sedentary behaviour precedes the development of 
adiposity) was classified as weak because of mixed results from prospective studies.



Fifth, it was considered plausible and coherent with current knowledge that seden-
tary behaviour and the corresponding low energy expenditure could be obesogenic. 
However, because of the co-existence of different behaviours (e.g., TV viewing, 
dietary patterns, physical activity) and their potential moderating effects, the authors 
reported moderate evidence regarding coherence and biological plausibility. Sixth, 
Biddle and colleagues reported that there was evidence for a dose-response relation-
ship (i.e., whether higher levels of sedentary behaviour are related to higher levels of 
adiposity), although the magnitude of this dose-response association seems to be 
small. Finally, experimental evidence for an effect of sedentary behaviour on 
changes of adiposity was judged to be weak. Certain subpopulations (such as 
obese children and adolescents) appeared to show stronger benefits in experimental 
designs. 
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In sum, and based on the criteria, Biddle and colleagues concluded that there is no 
evidence for a causal association between sedentary behaviour and adiposity in 
children and adolescents. 

11.3 Sedentary Behaviour in Relation to Adiposity 
in Adults 

The volume of information from reviews and meta-analyses of sedentary behaviour 
in relation to adiposity in adults [53–60] is less abundant than that in children and 
adolescents. Generally, there is less consistency in the evidence for an association 
between sedentary behaviour and adiposity in adults and the elderly. A selection of 
studies that summarised the available information on sedentary behaviour and 
adiposity in adults published since 2010 is presented in Table 11.2. 

11.3.1 Relationship Between Sedentary Behaviour 
and Adiposity: Evidence from Observational Studies 

In their umbrella review from 2017, Biddle et al. evaluated ten systematic reviews of 
observational and interventional studies related to the sedentary behaviour and 
obesity relation in adults [64]. Overall, the authors concluded that the available 
data support limited evidence for a positive association between sedentary behaviour 
and adiposity in adults, yet most studies showed weak associations. Their conclusion 
from reviews of observational studies indicates some evidence for an association 
between adiposity and sedentary behaviour, largely screening time, although this 
remains mainly inconclusive. Clearer associations were found for cross-sectional 
self-report studies than longitudinal studies and studies using device-based mea-
sures. Some evidence was apparent for breaks in sedentary time in relation to a more 
favourable BMI, and for use of a car and adiposity.
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A recent meta-analysis of prospective cohort studies and one randomised con-
trolled trial by Campbell et al. showed small, inconsistent, and non-significant 
associations between sedentary behaviour and body weight [63]. However, the 
pooled ORs for high versus low sedentary behaviour in relation to becoming 
overweight or obese reached statistical significance (OR = 1.33, 95% CI 
1.11–1.60, based on six studies). Based on the results of five studies, change in 
sedentary behaviour (1 h/day increment from baseline to the end of follow-up) was 
associated with a small but statistically significant 5-year change in waist circum-
ference. Further, results from three studies showed a borderline statistically signif-
icant association between each additional hour per day change in sedentary time 
(over a 5-year follow-up) and change in body weight over that time. The randomised 
controlled trial reported no differences between changes in weight, BMI, and waist 
circumference between the intervention and control groups after 12 months of 
follow-up [63]. 

Another review by Proper et al. [57] also found insufficient evidence for a 
positive relation between self-reported sedentary behaviour and risk of overweight 
or obesity. Likewise, there is limited support for a relation of self-reported sedentary 
behaviour to subsequent weight gain in adults. The authors concluded that there is 
limited evidence for a longitudinal association of weight gain with risk of obesity. 

One review by Rhodes et al. [56] summarised the data from 42 studies (32 cross-
sectional studies and ten prospective studies) on different types of sedentary behav-
iour in relation to BMI in adults. Results showed that 19 of 28 studies reported a 
positive association between television viewing and BMI, three of which supported a 
relation in women but not men. In addition, screen viewing was associated with 
higher BMI in four studies, one of which supported a relation in women but not men. 
Further, two of four studies on computer use were positively related to BMI. In 
contrast, eight studies on sitting and three studies on leisure-time reading detected no 
association with BMI. Taken together, these findings provide some evidence for a 
positive relation of television and screen viewing to BMI in adults, but the associ-
ations with other sedentary behaviours appear weak. 

Several systematic reviews and individual studies investigated the potential 
obesogenic effect of TV viewing specifically. O’Donoghue et al. [65] evaluated 
25 papers on sedentary behaviour and BMI, with most of these investigating self-
reported leisure screen time. Two thirds of those papers showed a positive associ-
ation with BMI, while the remaining ones showed no association. Two studies using 
accelerometers reported no significant association between total sedentary time and 
BMI. Two studies reported that occupational sitting was related to a higher BMI. A 
systematic review by Thorp et al. [58] of 24 prospective studies used TV viewing, 
watching videos, using a computer, playing video games, or driving a car as 
exposures and used BMI, obesity, weight gain, weight maintenance, or a measure 
of body fat distribution (i.e., waist circumference) as endpoints. Results showed that 
only six of eleven prospective studies reported a positive relation of self-reported 
time spent in sedentary behaviour to risk for obesity. Of those six positive studies, 
two studies exhibited an attenuation of the formerly statistically significant associ-
ation following adjustment for baseline BMI, which may be explained by the shorter



duration of follow-up in those studies; one study displayed a significant association 
only among those with normal weight at study baseline, suggesting that sedentary 
behaviour and weight gain in adults are mutually reinforcing and that initial weight 
status may represent a significant determinant of the amount of weight gained during 
follow-up. Specifically, Thorp et al. [58] found a positive association between 
sedentary behaviour and weight gain in eight of twelve studies, only five of which 
remained evident after adjustment for physical activity. Examples from individual 
studies revealed similar positive associations with adiposity. For example, the 
Nurses’ Health Study [70] found that each 2 hour per day increase in television 
viewing was associated with a 23% increased risk of obesity in women over six years 
of follow-up, regardless of physical activity level, dietary factors, and other 
covariates. Likewise, the Australian Diabetes, Obesity, and Lifestyle Study 
(AusDiab) reported that an increase in television viewing over five years was 
significantly associated with an increase in waist circumference, irrespective of 
physical activity level [71]. Some studies showed a positive association between 
television viewing and BMI or waist circumference [72–75] that was attenuated after 
controlling for BMI [73], physical activity [74], dietary factors [75], and other 
covariates [75]. 
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In a recent dose-response meta-analysis [62], 21 observational studies were 
summarised to assess possible linear or non-linear associations of total sedentary 
behaviour or TV viewing with overweight/obesity. The pooled relative risks for 
overweight/obesity for the highest versus lowest category of total sedentary behav-
iour or TV viewing were 1.38 (95% CI: 1.22–1.56) and 1.62 (95% CI: 1.22–2.14), 
respectively. Furthermore, non-linear associations for overweight/obesity with total 
sedentary time and TV viewing time were observed. 

A systematic review by van Uffelen et al. [59] examined the relation between 
occupational sitting time and BMI based on 12 observational studies (nine cross-
sectional studies, two prospective studies, and one study with both cross-sectional 
and prospective data). Five of the ten cross-sectional studies revealed a positive 
association between sitting at work and BMI, of which two studies reported a 
statistically significant positive relation in men, but not women. Four studies found 
no association and one study reported an inverse relation. Two of the three prospec-
tive studies observed no association between occupational sitting time and BMI. The 
third prospective study reported that each two hour per day increment in sitting at 
work was suggestive of increasing risk of obesity. However, the association with 
obesity across different levels of sitting at work was only statistically significant for 
sitting beyond 40 hours per week as compared with less than one hour of sitting. It is 
worth noting that a large proportion of studies included in the review [59] combined 
sedentary behaviour with physical activity categories. Results from such studies fail 
to represent the true association between sedentary behaviour and adiposity because 
a proportion of the sedentary behaviour risk estimate may be explained by the 
inverse of the decreased adiposity risk brought about by physical activity [76]. 

One review summarised seven cross-sectional studies and three longitudinal 
studies [68] related to motor vehicle travel time and weight status. Of these, two 
longitudinal studies and six cross-sectional studies found a positive association



between vehicle use and the risk of overweight and obesity, although the strength of 
association was not reported. 
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A small but growing body of data suggests that engaging in sedentary behaviour 
during childhood or adolescence is a predictor of obesity in adulthood. Specifically, 
four prospective studies reviewed by Thorp et al. [58] consistently found that 
sedentary behaviour during childhood or adolescence was positively associated 
with BMI in adulthood, independent of childhood/adolescent BMI and physical 
activity. 

11.3.2 Relationship Between Sedentary Behaviour 
and Adiposity: Evidence from Intervention Studies 

A recent systematic review and meta-analysis of 52 intervention studies summarised 
effect sizes on sedentary interventions (targeting sedentary behaviour reductions 
alone or combined with increases in physical activity) and body anthropometry 
[61]. Interventions were mostly conducted in the workplace or the community 
environment, with less studies conducted in healthcare, domestic, and educational 
settings. Pooled effect size estimates showed small but statistically significant 
beneficial effects on weight, waist circumference, percentage body fat, and a trend 
towards reduced fat mass, with no significant results observed for fat-free mass and 
body weight. 

Neuhaus et al. [69] reviewed studies on the effectiveness of workplace interven-
tions on adiposity, including BMI (five studies), body composition (19 studies), and 
body weight (nine studies). Specifically, activity-permissive workstations that either 
promote less sitting (e.g., standing desk), less sitting and more movement (e.g., 
treadmill desk), or active sitting (e.g., cycling using an ergometer while seated) were 
evaluated. The effects of the interventions on adiposity were modest, with only 22%, 
20%, and 5% of studies showed improvements in body weight, BMI, and body 
composition, respectively. 

11.3.3 Sedentary Behaviour in Relation to Adiposity 
in the Elderly 

Despite a high prevalence of sedentary behaviour among the elderly [77], the 
relation between sedentary behaviour and adiposity among people of advanced 
age has been less frequently studied. A recent systematic review of 12 cross-
sectional studies by de Rezende et al. [55] reported that different aspects of sedentary 
behaviour were relatively consistently positively associated with overweight and 
obesity as well as measures of body composition, such as waist circumference and 
waist-to-hip ratio. However, the authors of the review concluded that the evidence



for a relation between sedentary behaviour and adiposity among the elderly is 
insufficient due to the moderate quality of available studies. A recent review of 
studies in adults aged 60 years or older by Wirth et al. [53] found a statistically 
significant positive relation of sedentary behaviour to BMI in seven of eleven cross-
sectional studies, one prospective study, and one of three RCTs. In addition, the 
review found a statistically significant positive relation of sedentary behaviour to 
waist circumference in seven of ten cross-sectional studies and in one prospective 
study, but it detected no association in four RCTs. The authors concluded that there 
was mixed evidence for a positive association between BMI and sedentary behav-
iour and no relation with waist circumference. One cross-sectional study that 
examined community design relationships of body weight in older adults reported 
that sitting in a car was unrelated to overweight or obesity [78]. 

380 C. Jochem et al.

A recent systematic review by Chastin et al. investigated determinants of seden-
tary behaviour in the elderly [54]. Seven studies (six cross-sectional studies and one 
prospective study) on self-reported or accelerometer-based sedentary behaviour in 
relation to obesity found greater volumes of sedentary time or television viewing 
among obese individuals [54]. In their umbrella review summarising available 
systematic reviews on sedentary behaviour and adiposity, Biddle et al. [64] con-
cluded that there is some evidence for a positive association between sedentary 
behaviour and adiposity among older persons; however, this relation is generally 
weak and is based on cross-sectional studies. Clearly, there is a need for further 
prospective studies using objective measures of sedentary behaviour in relation to 
obesity in the elderly. 

11.4 Limitations of Existing Reviews and Meta-Analyses 
on Sedentary Behaviour in Relation to Adiposity 
in Children, Adolescents, Adults, and Older Adults 

Although the existing literature points towards a positive association between 
sedentary behaviour and adiposity among children, findings need to be interpreted 
in the context of certain limitations. Most available data are based on cross-sectional 
studies, which pose a challenge regarding inference about the causality of the 
relation. In addition, the evidence is based mainly on television viewing time, 
which may not be representative of total sedentary time, particularly in children 
[79]. Also, the strength of the association between sedentary behaviour and adiposity 
may vary according to the type of sedentary behaviour (i.e., watching television, 
playing video games, using a computer), which has not always been taken into 
account. Furthermore, the majority of studies among children, adolescents, and 
adults are based on self-reports. Findings from such studies are more prone to 
measurement error and exposure misclassification than studies using device-based 
assessments of sedentary time and measures of adiposity [80]. Moreover, the type of 
assessment of adiposity has not been consistent across previous studies. In addition,



the methods applied for statistical analyses vary between individual studies, which 
results in between-study heterogeneity complicating comparability, both on a 
descriptive and an analytical level. 
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11.5 Biologic Mechanisms 

Obesity may arise from several factors, including heritability and genetic factors; 
hormonal conditions; and appetite and satiety disorders [81]. However, the most 
important factors are likely to be overeating and lack of physical activity and these 
factors are modifiable. One possible explanation for the observed positive associa-
tion between sedentary time and obesity is that individuals who spend more time in 
sedentary pursuits inevitably devote less time to light intensity activity [82]. This 
leads to a positive energy balance and subsequent weight gain and obesity over time 
[83]. Recent studies have shown that individuals spending too much time sitting and 
not engaging in sufficient physical activity have worse health outcomes than does 
with high levels of physical activity [84, 85]. 

Moreover, it is likely that the association between sedentary time and weight gain 
is influenced by other factors, such as dietary intake. One study [86] found that 
increased energy intake, particularly energy from carbohydrates, mediated the asso-
ciation between television viewing and BMI in adolescents. Another study found 
that TV viewing was positively associated with consumption of takeaway foods 
cross-sectionally [87]. A study among adolescents [88] showed that television 
viewing was associated with a higher intake of foods containing fat and sugar and 
lower intakes of fruits and vegetables. Data from the European Youth Heart Study 
(EYHS) found that the association between television viewing and adiposity among 
children was attenuated following adjustment for eating while watching television 
[89]. Exposure to food advertising during television viewing time has been 
suggested to prime food consumption [90]. 

Whether mechanisms that control appetite and energy intake play a role in the 
association between sedentariness and adiposity remains speculative. Regulation of 
food intake and energy homeostasis is complex. Briefly, peptide YY (PYY) and 
glucagon-like peptide 1 (GLP-1) provide negative feedback to inhibit appetite and 
food intake, while ghrelin, a gastrointestinal hormone, stimulates appetite. In addi-
tion, insulin and glucagon are involved in energy homeostasis [91]. A line of 
research indicates that physically active persons have better control of appetite 
than sedentary individuals [92]. A recent experimental study [93, 94] showed that 
an exercise intervention among obese adolescents reduced daily energy imbalance 
by affecting ad libitum dinner energy consumption, whereas bed rest increased 
energy intake and subsequently led to a positive energy balance. These findings 
support the idea that the effect of exercise or sedentary behaviour on energy balance 
is not only related to exercise-induced energy expenditure but also involves a role of 
energy intake in regulating energy balance.
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Obesity may also be caused by short sleep duration brought about by excessive 
time spent television viewing or using the computer or the internet. Also, increased 
time commuting to and from work, long working hours, and shift-work have all been 
linked to obesity via their associations with shorter sleep times [95]. 

Obesity is thought to represent an intermediate variable in the relation between 
sedentary behaviour and various disease outcomes, although this hypothesis needs to 
be further clarified. While some studies noted attenuations of the associations 
between sedentary behaviour and obesity-related diseases in models that were 
adjusted for BMI [96–98], other studies found that adjustment for BMI did not 
materially affect the results [99, 100]. Obesity induces chronic inflammation [101] 
and insulin resistance [102], which represent risk factors for cardiovascular disease 
and cancer [103]. 

Likewise, postmenopausal oestrogen production in adipose tissue through 
aromatisation of androgens may increase risk of hormone-related female cancers 
[104, 105]. Further, obesity is related to dyslipidaemia and hypertension [106], 
which pose risk for cardiovascular disease [107, 108]. 

Further studies are needed to clarify the biologic mechanisms potentially linking 
sedentary behaviour to adiposity. In addition, the role of adiposity as an intermediate 
variable in the relation between sedentary behaviour and chronic disease requires 
clarification. For detailed information on the physiologic responses to sedentary 
behaviour, please see Chap. 5. 

11.6 Conclusion 

A multitude of studies has evaluated the association between sedentary behaviour 
and adiposity. In children and adolescents, findings from meta-analyses and system-
atic reviews point towards a positive association between the two, whereas in adults, 
results on sedentary behaviour and adiposity are inconclusive. Further studies using 
objective measures of sedentary behaviours are needed to draw more definitive 
conclusions about the relation between sedentary behaviour and adiposity. Limiting 
screen time to less than two hours per day in children and adolescents appears to be a 
sound conclusion that can be drawn from the current scientific evidence base. To 
prevent the development of obesity, it is prudent to minimise sedentary behaviour 
and to enhance physical activity and a healthy diet in both children and adults. 
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Chapter 12 
Sedentary Behaviour and Psychosocial 
Health Across the Life Course 

Lee Smith and Mark Hamer 

Abstract Psychosocial health is broadly defined to include psychological and 
social-psychological outcomes, interlinked with socioeconomic factors. Psychoso-
cial health has been shown to be strongly associated with self-rated health, longevity, 
and heart disease. This chapter will summarise and explain the literature on seden-
tary behaviour and psychosocial health across the life course, with a focus on the 
psychosocial domains: bullying/victimisation, self-esteem, pro-social behaviour, 
and mental disorders (bipolar disorder, anxiety, stress). In summary, the majority 
of literature is in young people and has focused on concepts such as self-esteem and 
pro-social behaviour, suggesting an inverse relationship with sedentary behaviour. 
Limited research has focused on these concepts in adults. The existing literature 
should be interpreted in light of limited gold standard experimental data. 

What Is New?
• Research on the association between sedentary behaviour and psychosocial 

health is still scarce.
• A narrative review on the psychological correlates of sedentary screen time 

behaviour among children and adolescents found that higher levels of 
screen time were associated with poor psychological well-being and body 
dissatisfaction.

• In general, higher levels of screen time seem to be associated with poorer 
mental health outcomes. However, associations may be influenced by 
screen type, sex, and age. 
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12.1 Introduction 

Psychosocial health is broadly defined to include psychological and social-
psychological outcomes, interlinked with socioeconomic factors. There is no 
accepted definition in the field, although it usually includes characteristics such as 
self-esteem and mood, as well as affect, such as anxiety [1]. For the purpose of this 
chapter, the umbrella term psychosocial health is broadly defined as the mental 
(e.g. values, attitudes, beliefs), social (e.g. interacting with others, social support), 
and emotional (e.g. emotional reaction to specific scenarios) dimensions of what it 
means to be healthy. It also encompasses how past experiences influence these 
dimensions in present scenarios. There is a growing body of literature in the area 
of psychosocial health that demonstrates its importance for physical health. Not only 
has psychosocial health been found to be associated with self-rated health and 
longevity [2, 3], but a review by Hemingway and Marmot [4] concluded that 
prospective cohort studies provide strong evidence that some psychosocial domains 
are independent aetiological and prognostic factors for coronary heart disease. 

12.2 Sedentary Behaviour and Psychosocial Health 
in Young Children 

The newborn brain develops rapidly through the initial years of life and considerable 
plasticity exists during this period [5, 6]. Thus, it is likely that sustained exposure to 
specific media content during the initial years of life impacts on the developing 
brain. Few studies have investigated associations between sedentary behaviour and 
psychosocial health in young children (0–7 years). A review collated and 
summarised the literature between sedentary behaviour and health in this age 
group, and just six observational studies were identified on psychosocial health 
[7]. The review showed that exposure to screen time before the age of 3 years is 
negatively associated with attention and language [8–10]. Interestingly, one longi-
tudinal study found that each additional hour of television (TV) viewing per day at 
age 4 years was associated with a small increase in subsequent bullying in grade 
school (OR = 1.06, 95% CI = 1.02–1.11) [11]. Another study showed that every 
additional hour of television exposure at 29 months corresponded to a 10% unit 
increase in victimisation by classmates [12]. Little else is currently known on 
sedentary behaviour and psychosocial health in young children. It is possible that 
associations between the amount of TV exposure and psychosocial outcomes in this 
age group might be derived from reduced active interaction between young children 
and their caregivers (Fig. 12.1). The limited but significant literature in this area 
provides a rationale for further investigation using experimental designs.
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Fig. 12.1 The association between young children’s and young people’s sedentary behaviour and 
psychosocial health via socioeconomic status and interaction with caregivers 

12.3 Sedentary Behaviour and Self-Esteem in Young People 

Self-esteem reflects a person’s overall subjective emotional evaluation of his or her 
own worth. It is a judgement of oneself as well as an attitude towards the self. In 
brief, it is the opinion one holds over one’s self. Self-esteem is often seen to be the 
single most important measure of psychological well-being [1]. A review collated 
and evaluated all studies on sedentary behaviour and health outcomes in young 
people aged between 5 and 17 years [13] and identified 14 studies that investigated 
the association between TV viewing and self-esteem. The majority of identified 
studies were observational (n = 11). Seven cross-sectional studies found that high 
screen time was associated with low self-esteem and decreased perception of self-
worth (a sub-domain of self-esteem). Studies suggest that a dose–response relation-
ship exists. For example, Russ et al. [14] found 8% greater odds of concern about 
self-esteem with each additional hour of screen time. However, the cross-sectional 
literature is inconsistent: two studies found the reverse relationship [15, 16] and two 
found no association [17, 18]. This conflicting literature may be explained by 
differences in sample characteristics between studies and/or different measures of 
exposure and outcome variables. The current review identified two interventions that 
aimed to examine the effects of reducing sedentary behaviour on self-esteem and 
self-worth [19, 20]. In these studies, changes in TV viewing were inversely related 
with physical self-worth and global self-esteem [19]. A plausible explanation for this 
inverse association is that those who have low self-esteem may find challenging 
activities (e.g. physical activity) less enjoyable as they may be difficult for them, and 
thus may prefer more passive sedentary activities (i.e. TV viewing and computer 
gaming). Alternatively, performing challenging activities as opposed to TV viewing 
may yield high levels of self-esteem.
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12.4 Sedentary and Pro-social Behaviour in Young People 

Positive pro-social behaviour is voluntary behaviour intended to benefit others and 
may include helping, sharing, donating, cooperating, and volunteering. The study of 
sedentary behaviour and pro-social behaviour in young people often investigates 
negative behaviours such as bullying, victimisation, and aggression. Tremblay et al. 
[13] identified 18 observational studies (17 cross-sectional studies and one longitu-
dinal study) that examined the relationship between sedentary activities and various 
domains of pro-social behaviour. The cross-sectional studies found similar findings. 
Those who watched less TV were more emotionally stable, sensitive, imaginative, 
outgoing, self-controlled, intelligent, moralistic, college bound, and less likely to be 
aggressive or to engage in less risky behaviour. Interestingly gender differences were 
observed. One study showed that increased TV viewing was associated with 
increased aggression in girls but not boys [16], whereas two studies found that 
increased computer use was associated with behavioural problems in boys but not 
girls [21, 22]. The one longitudinal study found that watching greater than 2 h of TV 
per day (at ages 30–33 months and 5.5 years) was a significant risk factor for 
behavioural problems (aggressive behaviour, attention problems) [23]. One plausi-
ble explanation for the inverse association between sedentary activities and 
pro-social behaviour is that those who view scenes of violence (common on TV 
and in computer games) have an increased probability of “aggressive” behaviour and 
at least a temporary decrease in pro-social behaviour per se [24]. This may also 
explain observed gender differences. Girls may watch aggressive programmes on 
TV and boys may play aggressive video games. Thus, TV viewing may have a 
strong negative influence on pro-social behaviour in girls and computer use in boys. 

12.5 Sedentary Behaviour, Socioeconomic Status, 
and Psychosocial Health in Young People 

Another important issue relates to gradients in social circumstances. Young people 
from lower socioeconomic status (SES) families spend the greatest amount of time in 
sedentary behaviours [25]. For example, Henning Brodersen and colleagues [26] 
analysed data from a 5-year longitudinal study of 5863 students aged 11–12 years. 
Sedentary behaviour levels were greater in students from lower SES neighbourhoods 
(p < 0.001). The difference between the higher and lower SES groups averaged 2.29 
(standard error (SE) = 0.318) hours per week in boys and 4.09 (SE = 0.49) hours per 
week in girls. This difference did not change over the 5 years of the study. A review 
on SES and antisocial behaviour identified 133 studies and found that lower family 
SES was associated with higher levels of antisocial behaviour [27]. Family back-
ground/circumstances might drive many of the associations seen in relation to 
sedentary behaviour and psychosocial health in young people. The potential



confounding influences of the association between sedentary behaviour and psycho-
social health via SES is demonstrated in Fig. 12.1. 
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12.6 Sedentary Behaviour and Psychosocial Health 
in Adults 

Few studies have investigated psychosocial health and sedentary behaviour in adults 
[7]. Those that have investigated such associations have predominantly focused on 
mental disorders (bipolar disorder, anxiety, stress). For example, Sanchez-Villegas 
and colleagues [28] assessed the association between sedentary behaviour and 
mental disorders over 6 years in a large cohort of university graduates. Participants 
who spent more than 42 h a week watching TV and/or using the computer, compared 
to those spending less than 10.5 h, were significantly more likely to have a mental 
disorder. However, a review of studies investigating sedentary behaviour and psy-
chosocial health in older adults revealed conflicting findings [29]. One identified 
study investigated board game use and reading (two domains of sedentary behav-
iour) and found that older adults who participated in these activities were less likely 
to develop dementia compared to those who did not [30]. Another study demon-
strated that sedentary time per se was negatively associated with psychosocial well-
being [31]. Finally, one study found that the highest quartile of sitting time, 
compared to the lowest, was significantly and negatively associated with mental 
health and social functioning, after controlling for leisure time physical activity 
[32]. These conflicting findings suggest that the association between sedentary 
behaviour and domains of psychosocial health may be context specific, dependent 
on the cognitive demand of the task. For example, board games and reading may 
require high levels of cognition whereas sedentary behaviour per se may require low 
levels. It has been suggested that people with higher educational levels are more 
resistant to the effects of dementia as a result of having cognitive reserve and 
increase complexity of neuronal synapses [33]. Similarly, participation in cogni-
tively challenging sedentary activities (reading, board games) may lower the risk of 
mental disorders [34, 35]. 

12.7 Influence of Physical Activity on the Sedentary 
and Psychosocial Health Association 

There is a large body of literature on associations between physical activity levels 
and psychosocial health. Briefly, the literature suggests that regular participation in 
physical activity is beneficial for many psychosocial health outcomes such as 
anxiety, mood, and self-esteem and has both a positive and negative effect on 
pro-social behaviour [1, 36]. Increased physical activity may be associated with



psychosocial health for several reasons such as achieving goals, becoming more 
competent, achieving mastery, having increased social desirability, and developing 
self-preservation strategies and social reinforcement. In addition, sports/physical 
activity provides an alternative to occupy a time void where delinquent behaviour 
could take place [36]. It may therefore be that identified associations between 
sedentary behaviour and psychosocial health are not driven by sedentary behaviour 
per se but by the absence of physical activity. Future research may wish to investi-
gate whether associations between sedentary behaviour and psychosocial health are 
modified or altered by level of physical activity. 
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12.8 Summary 

Psychosocial health is an umbrella term and includes a large number of variables. 
This chapter has specifically focused on several areas relevant to sedentary behav-
iour (bullying/victimisation, self-esteem, pro-social behaviour, and mental disor-
ders) at various stages in the life course. Currently, there is a limited body of 
literature that investigates psychosocial health and sedentary behaviour across the 
life course. The majority of literature focuses on young people where sedentary 
behaviours have been adversely linked to self-esteem and pro-social behaviour. 
Limited research has focused on this concept in adults, other than the studies that 
have investigated mental disorders. A major limitation of the evidence is that few 
studies have intervened to investigate if psychosocial health can be improved 
through the reduction of sedentary behaviour. It is likely that interventions need to 
be tailored to each domain of psychosocial health and specific age group. The 
observed associations between sedentary behaviour and psychosocial health may 
not be driven by sedentary behaviour per se but by the absence of physical activity. 
Moreover, associations may be confounded by SES and other potentially important 
factors. Sedentary behaviour and psychosocial health is potentially an important but 
currently understudied area. Gold standard experimental studies are needed before 
inferences and recommendations can be made. 
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Chapter 13 
Sedentary Behaviour and Ageing 

Dawn A. Skelton, Juliet A. Harvey, Calum F. Leask, and Jennifer Scott 

Abstract This chapter focuses on the prevalence and amount of sedentary behav-
iour in older adults with a range of functional limitations, distinguishing the differ-
ences between those who live independently with those who live in residential 
settings or who are subject to enforced sedentary behaviour, such as those in 
hospital. The associations of prolonged sedentary behaviour with both physical 
and mental health are less researched than in adults or children but show a clear 
pattern of increased mortality, reduced function, frailty, mental health, and longev-
ity. Evidence on interventions to reduce sedentary behaviour in older adults is still 
scarce and studies show only small effect sizes, have short or no follow up beyond 
the intervention period and are often in combination with efforts to increase physical 
activity. Clearly more work in this vulnerable population, especially in those 
transitioning to frailty, is warranted. 
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What Is New?
• Systematic reviews and meta-analyses have continued to examine the 

relationship between sedentary behaviour and bone health, cognitive func-
tion, obesity, and activities of daily living in older adults. For bone health, 
findings vary across studies and differ by gender. Low levels of sedentary 
behaviour appear to be beneficial for cognitive function and for the ability 
to complete activities of daily living.

• The effectiveness of interventions aimed at reducing sedentary time in 
community-dwelling older adults has been summarised by a number of 
systematic reviews and meta-analyses, showing mixed results. Whereas 
some systematic reviews concluded that there is no evidence or limited 
evidence for the effectiveness of interventions to reduce sedentary behav-
iour, other reviews found small but significant reductions in sedentary 
behaviour. 

13.1 Prevalence of Sedentary Behaviour in Older Adults 

Prevalence of sedentary behaviour varies by living status and by functional level of 
older adults [1, 2]. Prevalence of sedentary behaviour depends on the type of 
measurement of sedentary behaviour (self-report vs objective measures) and even 
in objective measurement, the type of monitor, the epochs over which data is 
collected, and the positioning of the monitor (see Chap. 3 for more detail). In 
older adults, the Seniors USP Team looked at a systematic comparative validation 
of self-report measures of sedentary time against an objective measure (activPAL) 
[3]. All self-report measures showed under-reporting, poor accuracy compared with 
the objective measure, with very wide limits of agreement and poor precision 
(random error > 2.5 h). The type of assessment used by the tool, whether direct, 
proxy, or a composite measure, influenced the measurement characteristics. For self-
report, the best combination for precision and reduced data loss were proxy measures 
(television time) and single item direct measures, using a visual analogue scale, to 
assess the proportion of the day spent sitting. Interestingly, the recall period (e.g., 
previous week) had little influence on measurement characteristics [3]. The same 
group examined reliability, minimal detectable change, and responsiveness to 
change of sedentary behaviour measures using a systematic set of six subjective 
tools and one objective tool (activPAL3c), over 14 days [4]. Relative reliability 
(Intra Class Correlation coefficients-ICC), absolute reliability (SEM), MDC, and the 
relative responsiveness (Cohen’s d effect size (ES) and Guyatt’s Responsiveness 
coefficient (GR)) were calculated for each of the different tools and ranked for 
different study designs. ICC ranged from 0.414 to 0.946, SEM from 36.03 to 
137.01 min, MDC from 1.66 to 8.42 hours, ES from 0.017 to 0.259 and GR from 
0.024 to 0.485. Objective (device-based) average day per week measurement was 
ranked as most responsive in a clinical practice setting, but a one-day measurement



ranked highest in quasi-experimental, longitudinal, and controlled trial study 
designs, and television viewing (previous week recall) was ranked as the most 
responsive subjective measure in all study designs [4]. 
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13.1.1 Community-Dwelling Older Adults 

Globally, almost 60% of older adults self-report sitting for more than 4 hours of their 
waking day [1]. When objectively measured, 67% of the older population are 
sedentary for more than 8.5 hours of their waking day [1, 5]. When objective data 
from a number of studies are weighted and pooled, a mean of 9.4 hours (ranging 
from 8.5–10.7 hours) per day is measured [6]. From the available studies, the UK 
and USA record the highest levels of sedentary behaviour at approximately 11 hours 
per day [7–10]. For more information on the prevalence and correlates of sedentary 
behaviour in older adults, please refer to Sects. 2.2.5 and 2.3.2. 

In older adults, there is little difference in sedentary behaviour trends between 
sexes [11], although females are more likely to accumulate their sedentary time in 
shorter bouts and therefore more likely to break up prolonged periods of sitting than 
males [12]. In twin studies, there is a suggestion, however, that environment is more 
important in the gender aetiology of sitting [13]. In a Finnish cohort of older 
individuals, women sat less than men and older age was associated with less sitting 
time [13]. There is a trend of increased sedentary behaviour with increasing age, with 
both device-based measurement (Fig. 13.1) and via self-reported (Fig. 13.2) seden-
tary time [14–21]. Reading time and screen time are exceptions to the trend, the 
lower levels of screen time are likely to be due to low computer technology literacy 
and availability at this age [14, 15, 17]. 

13.1.2 Assisted Care and Nursing Care Settings 

Sedentary behaviour is particularly prevalent in those older adults living in residen-
tial care settings. Some of this sedentary time is due to physical and mental health 
conditions, but there is a culture of risk avoidance and of ‘caring’ to the point of staff 
and residents avoiding movement, as seen in hospital settings [22]. One study in the 
UK found that care home residents spent on average 79% of their day sedentary, 
14% in low activity, 6% in light activity, and 1% in moderate-to-vigorous activity 
[23]. Residents spend a median of 12.4 hours sitting/lying (with 73% of this 
accumulated in unbroken bouts of ≥30 minutes), only 1.9 hours standing and 
214 minutes stepping in their waking day [24]. Potential barriers for implementing 
interventions to increase physical activity or reduce sedentary behaviour in these 
settings have been reviewed [25] and include resident health status, lack of space for 
physical activity, and staffing and funding constraints.
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Fig. 13.1 Sedentary behaviour measured by accelerometry (>60 year by age group), adapted from 
Harvey et al. [12] 

Fig. 13.2 Sedentary behaviour by various methods of self-report (>60 years by age group), 
adapted from Harvey et al. [12]
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13.1.3 Hospital Settings 

In few settings can the impact of prolonged inactivity in older adults be observed 
more acutely than in hospitalised inpatients. Bed rest or sedentary behaviour in 
hospital is ubiquitous, with older patients spending the majority of time during their 
hospitalisation in bed. For example, one study using accelerometers on patients aged 
65 and older, who were not delirious, did not have dementia, and were able to walk 
in the 2 weeks before admission, showed that 83% of the hospital stay was spent 
lying in bed and 13% sitting by the side of the bed [26]. Grant et al. [27] found ward-
based older patients spend as few as 76 mins per day in an upright position. A review 
of 42 studies reporting the activity levels of acutely admitted medical and surgical 
patients found they spent between 93% and 98.8% of their admission sitting or lying 
down [28]. Low inpatient mobility can result in functional decline, higher medical 
complications and increased mortality [2]. 

It has been suggested that alternatives to hospitalisation, such as providing acute-
level hospital services to older medical patients in their own homes (‘Hospital at 
Home’), may pose less risk of physical functional decline by allowing more physical 
activity than the traditional ward-based inpatient environment [29]. Such delivery 
models may achieve this by imposing fewer restrictions on mobility and allowing 
more opportunity to continue to perform their regular activities of daily living 
(ADLs) [30]. A recent study examined sedentary behaviour in a matched cohort of 
older inpatients versus those receiving hospital care in their own homes found that 
whilst sedentary behaviours were similar, the latter group spent more time sitting and 
less time lying down, and were significantly more physically active in terms of 
walking duration and step count [2]. A systematic review of the physical activity 
levels of acutely ill older adults in Hospital at Home settings, prior to Ramsey’s 
study, found no studies of hospital at home participants but found that participants in 
studies of hospital patients who would have met criteria to be treated at home only 
undertook 882 steps a day, accounting for only 6.6% of their day in standing 
[31]. This sedentary behaviour seen in hospital can lead to an increase in sedentary 
behaviour once the person leaves hospital as well, as shown in one case study where 
the older adult wore an accelerometer before a broken shoulder, while she was in 
hospital and when she returned home [32]. 

13.2 What, Why, and With Whom Are Older Adults 
Sedentary 

Health behaviour theories, such as the socio-ecological model and dual process 
theory, state that individuals’ choices and behaviours are determined by the context 
of both their physical and social environment [33, 34]. The SITONAUMY consen-
sus taxonomy has defined the context of sedentary behaviour to have several distinct 
facets, including what (the specific activity), why (the purpose), and with whom (the



social setting) [35]. In order to understand the context of sedentary behaviour in 
older adults, a mixed use of objective activity monitoring and time-lapse photogra-
phy has been shown to be acceptable to older people [36]. Leask et al. [37] 
objectively measured the context of sedentary behaviour in older adults by using a 
body-worn time-lapse camera in combination with an activPAL monitor to quantify 
older adults’ sedentary periods. Palmer et al. [38] did in-depth interviews with older 
people about what they do when they are sedentary. 
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13.2.1 What Older Adults Are Doing When Sedentary 

The majority of older adults’ sedentary time is non-screen time (63.9%), with 36.1% 
of sedentary time in front of a screen [37]. The main non-screen-based sedentary 
activities include reading (22.9%), eating (7.4%), and driving (7.4%) (Fig. 13.3). Of 
screen-based periods, television viewing, computer/laptop usage, and using small 
devices comprise 84%, 9.6%, and 5.9% of time respectively. When interviewed, 
older adults described many different leisure time, household, transport, and occu-
pational sitting and non-sitting activities [38]. The distinction between being busy/ 
not busy was more important to older people than sitting/not sitting, and informed 
their judgments about high-value ‘purposeful’ (social, cognitively active, restor-
ative) sitting and low-value ‘passive’ sitting [38]. 
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Fig. 13.3 Distribution of the non-screen-based sedentary time (% of day) in older adults 
(≥65 years), adapted from Leask et al. [38]
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Fig. 13.4 Distribution of the purpose of sedentary time (% of day) in older adults (≥65 years), 
adapted from Leask et al. [38] 

13.2.2 Why Older Adults Are Sedentary? 

The purpose for older adults’ sedentary time, as defined by a researcher and viewed 
on the time-lapse camera, were predominantly leisure (49.2%), social (18%), and 
eating (12.4%) (Fig. 13.4) [37]. Although older adults spend a large percentage of 
sedentary bouts in public and personal travel, these facets do not account for large 
percentages of sedentary time (6.4% and 2.9% respectively) [37]. 

13.2.3 With Whom Are Older Adults Sedentary? 

Data shows that older adults are predominately sedentary alone (56.9% of time), 
however, time is also spent with their friends (11.4%) and family (21.3%) 
[39]. When interviewed, other people around them and access to leisure facilities 
were associated with lower sedentary behaviour in the views of older people [38]. 

13.2.4 What Do Older Adults Perceive as the Reasons 
for Their Sedentary Behaviour? 

In order to understand why older adults think they are sedentary, in a mixed-methods 
study, 30 older adults (mean age 74 years) were asked to recollect their believed 
reasons for (breaking) sedentary behaviour and these were compared with their



actual reasons after looking at the images [40]. The most frequent reasons that the 
older adults believed kept them sedentary were television/radio (48.3%), fatigue 
(34.5%), and health status (31.0%). However, the factors most often mentioned as 
actual reasons following viewing images were eating/drinking (96.6%), television/ 
radio (89.7%), and reading/crosswords (75.9%). Domestic chores (55.2%), walking 
(37.9%), and socialising (20.7%) were most often mentioned as reasons that people 
believed made them break their sedentary behaviour, and these reasons have been 
reported elsewhere in qualitative work with older adults [41]. Yet, the factors that 
were most often mentioned as actual reasons were domestic chores (86.2%), food/tea 
preparation (82.8%), and performing simple tasks (75.9%) [40]. This difference 
between perceived reasons and actual reasons for either prolonged sitting or break-
ing up sitting may be useful in tailoring interventions on an individual basis. 
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More recently, interviews with 44 older people showed that people often posi-
tioned sitting as a moral practice, distinguishing between ‘good’ (active/‘busy’) and 
‘bad’ (passive/‘not busy’) sitting. This allowed them to align themselves with 
acceptable (worthwhile) forms of sitting and distance themselves from other people 
whose sitting they viewed as less worthwhile [42]. However, some participants also 
described needing to sit more as they got older. The findings suggest that some 
public health messaging may lead to stigmatisation around sitting [42]. 

13.3 Effects of Sedentary Behaviour in Older Adults 

13.3.1 Mortality and Life Expectancy 

There is strong evidence that a relationship exists between sedentary behaviour and 
mortality in both men and women from all-causes and cardiovascular disease 
[39, 43] (see also Chaps. 8 and 14). A recent meta-analysis and meta-regression 
analysis of eleven cohorts (n = 38,141 participants) showed that comparing the most 
sedentary with the least sedentary groups of participants resulted in a pooled hazard 
ratio of 2.44 (95% confidence interval (CI) 1.82–3.25) with clear dose–response 
relationships between total sedentary behaviour, steps per day and mortality 
risk [44]. 

The ability to break prolonged periods of sitting will be affected by ability to rise 
from a chair easily and one review of mortality showed that those taking the longest 
to rise have nearly a two-fold increase in risk of mortality compared to those who rise 
easily [45]. Three of the studies also reported effect estimates from comparisons of 
people unable to do chair rises with those in the fastest quarter; the summary hazard 
ratio for mortality from a meta-analysis of these three results suggested that those 
unable to do chair rises had the highest rates of mortality [45]. 

Katzmarzyk and Lee [46] examined the effect of self-reported sedentary behav-
iour on life expectancy in the USA and found expected gains in life expectancy of 
2 years for reducing sitting to less than 3 hours daily and a gain of 1.38 years by 
reducing television viewing to less than 2 hours. Indeed, long periods of sitting are



associated with a bigger waist-to-hip ratio and therefore an increased risk of meta-
bolic syndrome and stroke [47]. There is a positive and escalating linear association 
between sedentary bout length and waist circumference in older adults, with the odds 
of being abdominally obese rising by 48% for each 1 hour sedentary bout increment 
[48]. Longitudinal studies and cross-sectional studies have indicated a relationship 
between high levels of sedentary behaviour and incidence of: metabolic syndrome, 
diabetes, obesity, cardiovascular disease, high cholesterol, gallstone disease, and 
certain cancers (ovarian, colon, endometrial and possibly breast cancer and renal cell 
carcinoma) [5, 39, 43, 47, 49, 50]. 

13 Sedentary Behaviour and Ageing 405

A recent systematic review of sedentary behaviour and obesity (n = 638,000 
adults and older adults) found elevated rates of sedentary behaviour in people with 
obesity but that the range of different measures, methods, and cut-off points used in 
the measurement of sedentary behaviour made risk estimates difficult [51]. Telomere 
length is associated with a healthy lifestyle and longevity and a physical activity 
intervention that reduced self-reported sitting time in sedentary overweight older 
individuals showed that telomere lengthening was significantly associated with 
reduced sitting time [52]. 

Another potential reason for reduced longevity is the link between higher seden-
tary behaviour and arteriosclerosis (arterial stiffness and cardio-ankle vascular 
index) [53]. A review of outcomes of sedentary behaviour in older people concluded 
that there was an association between sedentary time and geriatric-relevant health 
outcomes, but that the body of longitudinal evidence was insufficient yet to deter-
mine a dose–response relationship or a threshold for clinically relevant risk [54]. 

13.3.2 Quality of Life and Activities of Daily Living 

A number of studies have now shown associations with sedentary behaviour and 
quality of life [55–58]. 

Higher physical activity and lower sedentary behaviour, in a large review, are 
associated with better ability to complete activities of daily living (ADL) and 
instrumental ADL (IADL) in 6 longitudinal studies and overall results of cross-
sectional studies (n = 24) supported these associations. However, the effect sizes 
were relatively small [59]. In a large nationally representative sample of older people 
who completed self-reported sedentary behaviour in 6 domains (watching television, 
using a computer/tablet, talking to friends or family members, doing hobby or other 
activities, transportation, and resting/napping) health outcomes were analysed 
[60]. Those aged over 80 who had high levels of sedentary time, which was not 
mentally stimulating, had more difficulties of activities of daily living, more prob-
lems limiting activities, and lower cognitive function than those who had lower 
levels of sedentary behaviour or those who engaged in cognitively stimulating 
sedentary behaviour [60]. Continence is sometimes a reason given for being less 
active (not being too far from a toilet), and urgency urinary incontinence is



significantly associated with increased average duration sedentary behaviour bouts, 
but not stress urinary incontinence [61]. 
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The lack of mobilisation and prevalent sedentary behaviour is one of the main 
reasons for the dramatic loss of ability to perform activities of daily living seen in 
older people following hospital admission, a phenomenon that may be referred to as 
‘hospital-associated deconditioning’ or ‘post-hospital syndrome’ [62]. Up to 30% of 
acutely hospitalised older adults will experience a loss of independence in activities 
of daily living such as dressing, eating, and maintaining hygiene and continence 
following admission [63]. 

13.3.3 Muscle Strength and Physical Function 

Even healthy adults can experience significant physiological changes from 
prolonged immobility, as found by a study conducted with a group of healthy 
older adults placed on bed rest for 10 days [64]. This study observed a significant 
decrease in muscle protein synthesis, strength, and lower extremity and whole-body 
mass. All measures of lower extremity strength were significantly lower after bed 
rest including isotonic knee extensor strength, stair-climbing power and maximal 
aerobic capacity. Interestingly this led to a reduction in voluntary physical activity 
after bed rest, and the percentage of time spent inactive increased [65]. 

In those living in residential care settings, total time in sedentary behaviour was 
associated with sarcopenia [66]. ‘Acute sarcopenia’ is a related concept, manifesting 
as a rapid reduction in muscle mass and function, caused by a combination of the 
inflammatory burden and endocrine dysregulation associated with acute illness, 
together with muscle disuse resulting from prolonged bed rest [67]. Sarcopenia 
can result in mobility problems, falls, loss of independence, and impaired ability 
to perform daily activities [68]. Lower sedentary behaviour is associated with better 
upper and lower body muscle strength and power [69]. In a cross-sectional study of 
older men and women who had self-reported total sitting and television viewing time 
recorded alongside total body and regional lean mass and fat mass (dual-energy 
X-ray absorptiometry), lower limb muscle strength and power, sarcopenia was 
associated with total sitting time and lower total body muscle mass and lower leg 
muscle mass were associated with television viewing time [70]. Indeed, for each 
1-hour increment in total sitting time the risk of sarcopenia increased by 33% [70]. 

Sedentary behaviour has been associated with diminished physical function over 
time [71, 72]. Objectively measured sedentary behaviour is associated with worse 
physical function measured using the Short Physical Performance Battery, balance 
task scores, 400 m walk time, chair stand time, and gait speed [73]. Even in young 
old age (60–64 years), time spent sedentary is associated with lower grip strength 
and lower timed up and go speed [74]. Self-reported television time was positively 
related to 400 m walk time [73] and prolonged television viewing has been related to 
reduced grip strength, in contrast to use of the internet, which showed a positive 
relationship [75].
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A longitudinal study of 5408 middle-aged and older people showed that over a 
3-year period, greater sedentary time was significantly associated with poorer chair 
stand and timed walk scores [76]. High sedentary time in combination with low 
physical activity levels (but not in combination with high moderate-to-vigorous 
physical activity (MVPA) levels) was associated with poorer physical function 
compared with the reference group (low sedentary time/high MVPA, suggesting 
that the effects of sedentary behaviour on function might be mediated by the 
individuals being fairly active when they are not sitting [76]. By substituting 
30 minutes of sedentary time with 30 minutes of MVPA improvements in chair 
stands (β -0.57) and timed walk (β -0.36) were seen. Similar, but less robust 
findings, were observed for reallocations of sedentary time to light-intensity physical 
activity [76]. 

Another large study looked at the associations of replacing sedentary behaviour 
with physical activity of different intensities on the physical function of over 80 s 
living in long-term care facilities. It found that reallocation of sedentary behaviour to 
light-intensity physical activity (and greater intensity) was associated with less time 
in the Timed Up and Go Test and higher levels of grip strength [77]. 

Breaking up sedentary time has been associated with better physical function in 
older adults. Using the Senior Fitness Test composite score, those older adults who 
broke their sedentary behaviour more (even after adjusting for total sedentary time 
and moderate-to-vigorous physical activity) performed better [78]. Indeed, one 
recent sedentary behaviour intervention, which did not show any effect on total 
sedentary time in those living in residential settings, did show improved physical 
function (timed up and go and chair rise) after participants set goals to reduce waking 
day sitting bouts to a maximum of 30–60 minutes over a ten-week intervention 
period [79]. 

13.3.4 Frailty and Falls 

Frailty is strongly associated with sedentary behaviour [80, 81] and sedentary 
behaviour (>7 hours per day measured on self-report) can be a potential marker in 
the screening of frailty in community-dwelling older adults [82]. Examination of 
large health survey data and objective monitoring suggests those most sedentary 
have higher levels of frailty, high activity of daily living disability and have higher 
healthcare usage [81]. A recent systematic review looking at objectively measured 
sedentary behaviour showed a small effect size (β = 0.100 [0.001, 0.249]) of 
sedentary behaviour on frailty, with measures of physical activity (total, steps, sit-
to-stand transitions and energy expenditure) having a greater effect size (β =-0.272 
[-0.381, -0.107]) [83]. In another large cross-sectional analysis, those with sitting 
time < 4 h/day (measured using IPAQ self-report) with those with a sitting time of 
≥8 h/day were significantly more likely to be diagnosed with frailty (Odds ratio 
(OR), 3.140) [84]. Each one unit increase in sitting time (h/day) was related to 
average 1.114 (units on frailty index) increase in prevalence of frailty. This study



found positive associations of physical activity and frailty but that excess sitting time 
may counteract the beneficial effects of physical activity on frailty [84]. 
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Finally, in terms of falls, a recent systematic review has shown that although fear 
of falling is associated with greater sedentary behaviour, associations with falls or 
fractures showed inconsistent effect directions [85]. Fallers spend more time seden-
tary than non-fallers (22 minutes per day extra in men), and if they also experience 
fear of falling, there is an additional 45 minutes of sedentary time per day [86]. 

13.3.5 Bone Health 

A systematic review found two prospective and five cross-sectional observational 
studies which had examined the association between bone health and sedentary 
behaviour in older adults [87]. Findings were varied and suggested differences in 
genders. In women, four studies reported significant positive associations of seden-
tary behaviour with bone mineral density at different sites, but two found significant 
negative associations. However, studies which examined men reported negative or 
no associations. The differences seen could be due to the different anatomical sites 
considered, the different methods used to measure sedentary behaviour, and the 
varied quality of the studies. Recently, in Mexico, older participants with higher 
levels of moderate-to-vigorous physical activity levels had higher total bone mineral 
density and also cortical thickness [88]. One study considering self-reported seden-
tary behaviour in 77,206 women and looking at fracture risk over 14 years found, 
after controlling for covariates and total physical activity, sedentary time was 
positively associated with total fracture risk (>9.5 h/d vs <6.5 h/d: HR, 1.04) [89]. 

13.3.6 Mental Health and Cognition 

Sitting, television time, and screen time have all been associated with negative 
mental health outcomes and reduced levels of cognition [75, 90]. Sedentary pastimes 
have also been associated with executive dysfunction [91]. Interestingly, fallers are 
known to have executive dysfunction and fear of falling is associated with high 
sedentary time in older adults [73]. 

High television viewing has been related to lower psychological well-being and 
depression [11], mood disorder and sense of belonging to community [92] and long 
periods of sitting are associated with depression and social isolation [47]. In order to 
see if the link between sedentary behaviour and depression was related to underlying 
inflammatory processes, Hamer et al. [93] looked at C-reactive protein and self-
reported television viewing time. Those older adults who watch more television had 
higher C-reactive protein and higher levels of depression. A longitudinal cohort 
study looking at incident depressive symptoms in older adults over a 15-month 
period showed a strong association with incident depression and sitting for over 4 or



8 hours compared with sitting under 4 hours [94]. In a large cross-sectional study in 
China, people who were sedentary for greater than 6 hours a day were three times 
more likely to report depression than those who reported sitting for less than 6 hours 
per day [95]. There is an association between loneliness and sedentary time 
[96]. There does not appear to be any relationship between sedentary behaviour 
and personality traits [97]. In two cohorts in Scotland, there was no association 
between well-being or symptoms of anxiety and sedentary outcomes but depression 
was associated with sedentary time [98]. Attitudes to ageing in the 70s did not 
predict sedentary behaviour 7 years later [99]. In the same cohorts, there was no 
evidence that objectively measured sedentary time was associated with measures of 
cognitive ability at different time points in life, including cognitive change from 
childhood to older age [100]. 
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The association of sedentary behaviour with mental health is not simple. Several 
sedentary activities were found to be positively associated with self-reported mea-
sures of psychosocial wellness in middle-aged and older adults [101]. Among 
respondents not diagnosed with a mood disorder, positive associations were noted 
for crosswords/puzzles and listening to radio/music or playing an instrument. Satis-
faction with life was positively associated with computer use and a sense of 
belonging was consistently positively associated with sedentary activities [101]. In 
older adults providing care reduced sedentary time is seen compared to those not 
providing care [102]. 

Not all sitting is bad, with certain sedentary tasks such as computer use, playing 
games, and completing craft projects being positively associated with cognition 
[47, 75, 90]. In a review of 45 articles with 15,817 older adults, Rojer et al. [103] 
found that lower objectively measured sedentary behaviour was associated with 
better global cognitive function. In a 15-year prospective study, the risk of dementia 
was examined against sedentary behaviour and no relationship was observed 
[104]. However, one study looking at cerebral blood flow in older adults has 
found that sedentary time may act as a behavioural risk factor for blood flow 
dysfunction in those at generic risk of Alzheimer’s disease [105]. For further detail 
on the association between sedentary behaviour and psychosocial health in older 
adults, please refer to Chap. 12. 

13.4 Acute Effects of Sedentary Behaviour in Older Adults 

Lack of movement during long periods of sitting might temporally affect function, 
due to increased joint stiffness and decreased neuronal input, making it difficult to 
stand and, therefore, engage in upright activity [106]. When temperatures are above 
or below normal, the effects of even short periods of sitting can be marked. One 
study showed that women, aged 70 years and older, sitting in a cold room (15 °C) for 
just 45 minutes, led to an average loss of 5% of explosive muscle power leading to a 
reduced sit-to-stand velocity (10%) and 3.5% slower walking speed [107]. The same 
research group also looked at older women sitting in a hot (30 °C) room for



45 minutes and saw a marked increase in postural hypotension, increased blood 
pressure, and reduced stamina [108]. 
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13.4.1 Who Should We Target? 

Although increasing age is associated with higher sedentary behaviour, biological 
age, as indexed by extrinsic or intrinsic epigenetic age acceleration, does not appear 
to be associated with sedentary behaviour [109]. High levels of sitting time in older 
adults is associated with being single, living in an urban area, and having post high 
school education in women [110]. Adverse socioeconomic circumstance and lower 
education has been related to screen-based activities [17]. In two cohorts of older 
people, a range of socioeconomic position measures and social disadvantage were 
associated with increased sedentary time [111]. In one cohort of older people, those 
most deprived on the Carstairs measure spent 6.5% more of their waking time 
sedentary than the least deprived. However, for employed older people, the relation-
ship was much weaker. For example, in terms of social class differences, the most 
disadvantaged spent 5.7% more waking time sedentary, whereas among the 
employed, there was no difference [111]. Some of this relationship of sedentary 
time with social and economic disadvantage may be affected by the relationship seen 
between fear of crime and perceived absence of services to support activity [102]. 

It certainly seems as if targeting those with a low socioeconomic status, those not 
using the internet, those with a higher body mass index (BMI) status and those with 
poorer cognitive function and the presence of depressive symptoms will help in 
public health terms as it is these older adults who, over time, increase their sedentary 
behaviour over a two-year period [112, 113]. 

13.5 Barriers and Facilitators to Reducing Sedentary 
Behaviour in Older People 

Older adults perceive the breaking up of prolonged periods of sitting as more 
achievable than increasing moderate-to-vigorous physical activity and so interven-
tions should focus on the perceived ease of these interventions and the potential 
positive benefits of breaking up prolonged sitting [114]. Understanding what the 
barriers and facilitators to engaging in an intervention to reduce sedentary behaviour 
is important to uptake and adherence.
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Table 13.1 Motivators and barriers to reducing sedentary behaviour in older adults (data from 
qualitative and quantitative studies) 

Motivators Barriers 

Personal 
motivators

• Good health (cognition, 
less co-morbidities, better 
functional ability).
• Desire to improve health.
• Awareness of sedentary 
behaviour.
• Monitoring Standing fits 
lifestyle.
• Easy to make standing a 
habit.
• Curious about their sed-
entary behaviour.
• Reducing sedentary 
behaviour is a self-com-
petition.
• Notice positive impacts.
• Sense of achievement.
• Enjoy being more active 
during breaks.
• Locus of control.
• Self-efficacy for physical 
activity. 

Personal 
barriers

•Health barriers (body mass index, 
smokers, depressive symptoms, 
cognition, polypharmacy, func-
tional difficulties).
• Enjoy sedentary activities.
• Feel active so do not see sitting as 
problematic.
• Difficulty conceptualising or 
applying sedentary behaviour dis-
tinct from physical activity.
• Lack of time.
• Fatigue/lack of energy.
• Pain.
• Sitting habits hard to break.
• Lower socioeconomic status.
• Depression.
• Poor perceived health. 

Social 
motivators

• Encouragement from 
others. 

Social 
barriers

• Inappropriate amount/type of 
social support.
• Social pressure.
• Ageist stereotyping. 

Environment 
motivators

• Adaptable home or work 
environment. 

Environment 
barriers

• Unadaptable environment. 

Program 
motivators

• Activity monitors are a 
reminder.
• Feedback was interest-
ing.
• Positive experiences 
with health coaches.
• Goals helpful and 
appropriate.
• Timers/alarms to remind 
to stand.
• Self-log provides 
accountability.
• Workbooks had useful 
information and ideas. 

Program 
barriers

• No accountability for self-logs.
• Difficulty with goal setting feed-
back hard to interpret.
• Health coach calls too long.
• Intervention too short.
• Reminders were agitating or hard 
to use. 

Adapted from qualitative studies: [35, 38, 42, 79, 114, 115] and quantitative studies: [112, 113, 116, 
117]



412 D. A. Skelton et al.

13.5.1 Community-Dwelling Older People 

There is emerging literature as to the motivators and barriers to reducing sedentary 
behaviour (as opposed to increasing physical activity) in older adults (Table 13.1), 
which will be able to help guide sedentary behaviour interventions. A series of semi-
structured interviews with a group of overweight and obese older individuals 
showed that motivators to reducing sedentary behaviour were the desire to improve 
health, newly acquired knowledge of sedentary behaviour, the ease of incorporating 
sedentary behaviour reduction into current lifestyle, an adaptable environment and 
the use of reminders or prompts [115]. The barriers included existing health condi-
tions, the enjoyment of sedentary activities, unadaptable environments or social 
contexts, fatigue and difficulty in understanding sedentary behaviour reduction as 
distinct from physical activity. Other barriers include pain, social pressure and a lack 
of energy [35], abnormal BMI, smoking, and polypharmacy [116]. Because sitting is 
ubiquitous and occurs throughout the day, there may be unique aspects involved in 
changing sedentary behaviour compared with physical activity in older adults. It is 
likely that strategies involving built environment changes or prompts are key [118], 
although much of the previous work on this has involved providing sit–stand 
workstations or treadmill desks to reduce workplace sitting which may be less 
relevant to older adults who are retired or working part time. Certainly, older adults 
perceive sedentary behaviour interventions as being easier to incorporate into daily 
life than physical activity interventions, but note that the development of new 
routines, the encouragement of family members and awareness of the culture of 
sitting in older people and a willingness to challenge this were important [115]. 

In younger people (aged 20–64 years) there is an energy cost to the sit-to-stand 
transition (VO2 for sit-to-stand transition 3.86 ml kg-1 min-1 ); however, the met-
abolic cost of the sit-to-stand transition is only 0.32 kcal min-1 above sitting, so the 
modest energetic cost (compared to exercise), regardless of gender or body compo-
sition should be a public health message to interrupt sitting frequently [119]). 
Indeed, sit-to-stand transitions could be seen as small bouts of functional training 
that are achievable for older adults that are not able to engage in exercise 
programmes requiring a greater energy cost. This alongside the known association 
of chair rise ability and mortality [45] and improvements in sit-to-stand ability with 
repeated sit-to-stand practice [79] could be a good motivator for older people to 
break prolonged periods of sitting. The notion that minimising and/or breaking up 
sedentary behaviour could contribute to a more active lifestyle captured the attention 
of older adults and was motivating in terms of being readily achievable and capable 
of being instigated instantly without cost or pre-planning in one qualitative study 
[114]. However, the notion of balancing active and non-active periods in order to 
provide sufficient rest resonated particularly with those adults aged 75+ years, and 
those with long-term health conditions and learning disabilities, highlighting an 
example of where interventions need to be tailored to each individual and consider 
their needs and preferences [114].
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The involvement of older adults in the design of a sedentary behaviour interven-
tion is likely to improve acceptability and uptake. A group of older people have been 
involved in the co-creation of a sedentary behaviour intervention and have devel-
oped a daily diary which allows personalisation based on individual preferences, 
understanding personal behavioural assets to break up prolonged sitting, action 
planning and reviewing their perceptions of change over time [120]. In a series of 
focus groups with older people, they suggested that a good strategy to help older 
people break up long periods of sitting was to use the activities of daily routine and 
reasons why individuals already naturally interrupting their sedentary behaviour, in 
other words, look to an ‘asset-based approach’ [41]. These assets were categorised 
into 5 sub-themes: physical assets (e.g., standing up to reduce stiffness); psycholog-
ical assets (e.g., standing up to reduce feelings of guilt); interpersonal assets (e.g., 
standing up to answer the phone); knowledge assets (e.g., standing up due to 
knowing the benefits of breaking sedentary behaviour), and activities of daily living 
assets (e.g., standing up to get a drink). 

13.5.2 Assisted Care and Nursing Care Settings 

The fit between someone’s abilities and the demands of the environment (person-
environment fit) appears important to residents’ engagement in activity and ability or 
willingness to displace sitting time with physical activity [121]. Environmental 
demands can include the distance between rooms that people visit, closeness of 
call-bells to their bed or seat, handrail placement, floor coverings, places to sit along 
corridors, nothing to look at along corridors, height of chairs, and tilt of seat of chairs 
[121]. Lower staffing levels can lead to a later time of getting up and dressed, lack of 
time to engage residents in movement and prompts to move, or even help out of a 
chair so they can move, and some staff understand the value of re-enablement and 
invite residents to help with chores or encourage them to use the communal area for 
eating, for example, and others do not [121]. At the personal level, many residents 
are multimorbid, frail and there is a high level of dementia and depression in these 
settings, all of which impact on engagement in activity or willingness to break up 
sedentary behaviour. Some do not want to ‘waste’ carers time, some look on being in 
a care home as a time to ‘rest’ or prepare for ‘death’ [122]. 

13.5.3 Hospital Settings 

The barriers to inpatient mobility have been explored and a number of factors have 
been identified that contribute to the sedentary behaviour of inpatients. Risk aversion 
from both a patient, clinician and institutional perspective, in particular with regard 
to falls, is one such factor. Resnick et al. [22] found that optimising physical activity 
of patients was a low priority for the nurses with patient safety taking precedence.



Given that up to 10% of older adults experience a fall during hospitalisation this 
concern is well founded [123], yet activity restriction may instead result in increased 
fall risk by contributing to deconditioning and functional loss [124]. However, fear 
of falling in patients in a hospital setting is also important, with one study showing 
fear of falling led to patients curtailing their activity in hospital [125]. Further 
barriers to movement include environmental factors such as a lack of assistive 
mobility aids, tethering to medical equipment, unfamiliar surroundings and the 
design of hospital beds/wards, patient factors such as feeling ill, being unmotivated 
to move and feeling like a burden on staff when seeking support to be active [126, 
127]. Reducing sedentary behaviour in hospital inpatients is influenced by a range of 
complex and multi-level factors. Organisational and clinical leadership is required to 
build a culture and climate in which staff feel empowered to overcome barriers 
and promote and facilitate reduced sedentary behaviour in their patients [128]. 
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13.6 Interventions to Reduce Sedentary Behaviour in Older 
People 

Despite the potential health benefits (Table 13.2), Studies on interventions to reduce 
sedentary behaviour in older adults are still in their infancy compared to interven-
tions aimed at increasing physical activity [134]. A consensus statement on research 
priorities for sedentary time in older people has called for research to assess the

Table 13.2 Potential effects of sedentary behaviour interventions in older adults (data from 
qualitative and quantitative studies) 

Physical Health Mental Health Other 

Easier to move 
around 

General feelings of better 
health and well-being 

Increase in devoted physical activity time, 
especially daily walking 

Reduced stiffness Improvements to overall 
mood 

Heightened awareness of sedentary behav-
iour in his/her own life 

Better balance More alert throughout the 
day 

Heightened awareness of how much seden-
tary behaviour is encouraged in society 

Improved walking 
speed 

Improved concentration Increase in daily light activity levels, such as 
household chores 

Improved chronic 
pain management 

Reduced depressive 
symptoms 

Increased standing time and standing 
activities 

Better sleep quality Increased breaks in prolonged sitting time 
(sit-to-stand transitions) 

Less fatigue Reduced TV time 

Better perceived 
health 

Changes in amount of socialisation 

Lengthened telo-
mere length 

Self-efficacy for physical activity 

Increased walking 

Adapted from qualitative studies: [79, 115] and quantitative studies [52, 117, 129–133]



impact that reducing sedentary time, or breaking up prolonged bouts of sedentary 
time, has on geriatric-relevant health outcomes, in particular to consider dose– 
response relationships [135]. For more information on approaches to decrease 
sedentary behaviour among older adults, please refer to Chap. 19.
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13.6.1 Community-Dwelling Older Adults 

The last five years has seen a growth in number of studies focussing on reducing 
sedentary behaviour, mostly short term and with a variety of methods of measuring 
and reporting sedentary time. One review considered 17 studies in a narrative review 
and 8 within a meta-analysis (n = 1024 participants) and concluded that although the 
interventions significantly reduced sedentary time, the overall effect was small 
(d = -0.25, 95% CI [-0.50, 0.00]) [6]. Another review specifically focussing on 
reducing non-occupational sedentary behaviour found no studies in older adults 
[136]. A Cochrane systematic review and meta-analysis found, in 7 studies 
(n = 397) with majority female and highly educated participants, in high income 
countries, that interventions may reduce sedentary time (mean difference (MD) -
44.91 min/day, 95% CI [-93.13 to 3.32] but they could not pool evidence on the 
effect of interventions on breaks in sedentary behaviour or time spent in specific 
domains such as TV time, as data from only one study were available for these 
outcomes [134]. This review also showed little evidence for improved physical 
function, fitness, blood pressure or glucose blood levels and no data on cognitive 
function or adverse events. Most interventions were theory-driven and employed 
multiple strategies, including education, self-monitoring, and goal setting [134, 137, 
138]. Both reviews recommended that future research should recruit larger samples, 
use device-based measures of sedentary time, include measures of time spent in 
specific sedentary behaviours, duration and number of breaks in sedentary time and 
that practitioners should employ diverse sedentary behaviour-specific strategies 
(as opposed to increasing physical activity) to encourage older adults to reduce 
time spent sedentary [134, 137, 138]. Chastin et al. [134] also called for interven-
tions that aimed at modifying the environment, policy, and social and cultural norms. 

Inconsistent results from studies may be confounded by different levels of 
function and frailty that may affect motivation and ability to reduce sedentary 
behaviour. An 8-week sedentary behaviour intervention (‘On your feet to earn 
your seat’ booklet with 16 tips to reduce sedentary behaviour) in assisted living 
facilities and in community-dwelling older adults (>6 hours per day self-reported 
sitting) showed an effect on reported sitting time only in the community-dwelling 
older adults [129]. 

There have been a large number of mobile health technology studies published in 
the area of physical activity but less specifically on reducing sedentary behaviour. A 
scoping review of mHealth applications with potential to support older adults to 
reduce sedentary behaviour found only 3 studies which had reducing sedentary 
behaviour as a target but these often aided self-regulation of physical activity rather



than sedentary behaviour and most sedentary behaviour outcomes were inconclusive 
[139]. King et al. [130] used mobile phone applications over an 8-week period to 
successfully promote reducing sedentary behaviour in aging adults (average 
age = 59.1 years). Three behaviour change apps to promote regular physical activity 
and reduce sedentary behaviour, based on three distinct motivational frames drawn 
from behavioural science theory and evidence, were used. Following their 8-week 
behavioural adoption period, there was a significant decrease in discretionary tele-
vision viewing, with average television viewing time being reduced by 
29.1 minutes [130]. 
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13.6.2 Assisted Care and Nursing Care Settings 

Recent studies aimed at reducing sedentary behaviour in care home residents have 
shown mixed results. A cluster-randomised trial, in 10 Dutch Care Homes, of a 
re-enablement programme targeting sedentary behaviour in those receiving care at 
home over a 12-month period, found no changes in sedentary time and was not cost-
effective compared to usual care [140]. 

An intervention, lasting 3 months, involving activity monitoring feedback and 
motivation consultations (one per month) in residents living in assisted care facili-
ties, showed no changes to total sitting time but did show improvements in the 
30 second sit-to-stand and timed-up and go tests of function [79]. Sedentary behav-
iour was highly variable throughout the study within individuals, reflecting health 
and other personal issues in this frail group. Those who had vibrational feedback (set 
to vibrate at personalised time periods) had better outcomes than those who just 
received feedback each month from the activity monitors [79]. 

One pilot RCT in 4 care homes in two European Countries looked at the 
implementation of the Get Ready intervention, delivered by a staff champion one-
to-one with the care home resident and a family member [141]. The intervention, 
with six face-to-face sessions over a twelve-week period showed a decrease in daily 
hours spent sitting (Cohen’s d = 0.36) and improvements in health-related quality of 
life, fear of falling, and habitual gait speed compared to usual care. However, this 
needs confirmation in a definitive trial [141]. 

13.6.3 Hospital Settings 

A number of public health campaigns encouraging continued inpatient mobility have 
gained recognition both in hospitals and on social media platforms. Examples 
include ‘#endPJparalysis’ [142] and the Johns Hopkins Activity and Mobility 
Promotion ‘#everyBODYmoves’ campaign [143]. The aim of such initiatives is to 
prevent deconditioning by encouraging and facilitating patients to go about their 
usual daily activities as far as safely possible. A large Delphi consensus study has



recently produced recommendations on physical activity for inpatients, emphasising 
the importance of reducing prolonged periods of lying and sitting, and incorporating 
opportunities for physical activity into the daily care, of older patients, with a focus 
on promoting function, independence, and activities of daily living [144]. 
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Numerous interventions have been trialled to reduce inpatient sedentary behav-
iour and the incidence of functional decline, including patient education, early 
mobilisation, encouraging patients to get up, dressed and perform their usual daily 
activities, individual patient activity plans, group activity sessions, supervised 
ambulation, medication reviews, and comprehensive geriatric assessment 
[145, 146]. Evidence for the efficacy of such interventions is limited however. A 
systematic review, comparing interventions to reduce hospital-associated 
deconditioning with standard care, identified seven randomised controlled trials, 
based in acute medical wards, which investigated increasing physical activity 
through education, changing healthcare practice, and/or changing ward environ-
ments [146]. The review indicated such interventions may be beneficial in reducing 
the risk of decline in ADL score by 4% at discharge, residing in a nursing home 
between 1–3 months post-discharge by 8%, and mortality at 1 month post-discharge 
by 23%, however the evidence was appraised as low quality [146]. More high-
quality research is required to support the introduction of interventions in clinical 
practice. 

13.7 Conclusions 

Sedentary behaviour is extremely prevalent in community-dwelling older adults and 
is even greater in those admitted to hospital or those living in residential settings. 
Although some sedentary activities are cognitively enhancing, the poor long-term 
health outcomes of those with prolonged sitting periods in the day are clear and 
independent of physical activity. Interventions to reduce sedentary behaviour appear 
more acceptable to older people than interventions aimed at increasing moderate-to-
vigorous activity. Current evidence suggests that interventions aimed at personal 
factors show only a minimal decrease in sedentary behaviour but the potential for 
some functional improvements in those more frail. There is a need for interventions 
to consider environment, social context, culture and policy. More work in the older 
population, particularly those transitioning into frailty, is needed. 
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Chapter 14 
Sedentary Behaviour and Mortality 

Ashleigh R. Homer and David W. Dunstan 

Abstract Throughout the past century, non-communicable diseases have formed 
the leading cause of death worldwide, accounting for 71% of all deaths globally in 
2019 (World Health Organisation. Fact Sheet: Noncommunicable Diseases, 2021). 
In recent decades, the increase in non-communicable disease has coincided with a 
decrease in daily energy expenditure due to the advent of time- and labour-saving 
technologies (particularly in the occupational and domestic setting) that have fos-
tered an environment conducive to extended periods of sitting. Indeed, prolonged 
sitting is now ubiquitous in modern society, and an expanding body of literature 
shows a consistent association between time spent in sedentary behaviours and an 
increased mortality risk. The evidence base linking prolonged sitting with premature 
mortality is convincing and has led to the inclusion of government public health 
guidelines around reducing prolonged sitting in several countries and globally. In 
late 2020, the first global combined physical activity and sedentary behaviour 
guidelines were released by World Health Organization (WHO) (Bull et al. Br J 
Sports Med 54(24):1451–62, 2020). These include broad recommendations to “sit 
less and move more”, and “every move counts”, emphasising that sedentary time 
should be replaced with physical activity and that some activity is better than none. 
These guidelines have been informed by an extensive body of work which indicates 
the importance of reducing both sedentary time and increasing activity levels. 
However, understanding of the interplay between physical activity and sedentary 
time is a relatively new consideration, and more research is required to identify 
whether there is a threshold at which this balance is altered. 
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What Is New?
• The first global combined physical activity and sedentary behaviour guide-

lines were released by the World Health Organization in 2020, which 
include broad recommendations to “sit less and move more”, and “every 
move counts”.

• The COVID-19 pandemic and the resulting lockdowns have seen global 
reductions in physical activity and increased sedentary time.

• The impact of reduced physical activity and increased sedentary time as a 
result of the pandemic on mortality will need to be considered in future 
research.

• The focus of future research should remain around the implementation of a 
framework in which the deleterious health consequences of too much 
sitting are seen being an addition to, and not an alternative to, the well-
recognised benefits of participation in health enhancing moderate-vigorous 
physical activity. 

14.1 Evolution of Life Expectancy and Causes of Mortality 

In modern societies, mortality across the lifespan forms a J-shaped curve, with high 
early age mortality rates declining throughout early adulthood, followed at mid-life 
by an exponential acceleration in association with an increase in disease and 
dysfunction [1]. The history of disease and mortality across the centuries offers an 
interesting insight into the shifting trends associated with cause-of-death and life 
expectancy. Scientific and technological advances in the early twentieth century saw 
a decline in mortality rates from infectious disease, dramatically increasing life 
expectancy. Consequently, the rise of non-communicable diseases has proven a 
major scientific and public health challenge. This is exacerbated by the ever-
increasing longevity of the global population, and influential lifestyle factors 
which are becoming endemic in modern society. 

14.1.1 The Era of Infectious Disease 

Prior to 1900, the main causes of death were infections, arising from unhygienic 
living conditions and limited access to effective medical care [2]. During this period, 
life expectancy at birth was estimated to have been approximately 35 years, largely 
due to the risks posed by disease (e.g., pneumonia, diarrhoea, cholera, tuberculosis, 
smallpox, typhoid, and plague), injuries, and accidents [3]. Though infectious 
disease was thought to be the major cause of death, non-communicable disease 
was still present in these periods. The oldest known case of arterial disease is from 
5300 years ago, where computed tomography scans show calcification of the arteries



[4]. Intriguingly, Egyptian mummies have also been found to have atherosclerotic 
calcification [4]. 
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14.1.2 Epidemiologic Transition to Non-communicable 
Disease 

Deaths from infectious disease declined considerably during the twentieth century, 
in large part due to improvements in health care, sanitation, immunisation, access to 
clean running water, and better nutrition. As a consequence, the decrease in infant 
and child mortality led to a dramatic increase in life expectancy from birth [5]. The 
result has been a transition towards a rise in mortality resulting from 
non-communicable diseases. The term “non-communicable disease” refers to a 
medical condition or disease that is non-infectious or non-transmissible. This type 
of disease is usually chronic (lasting for a long period of time) and generally 
progresses slowly. The four main types of non-communicable disease are cardio-
vascular (CVD), cancer, chronic respiratory diseases (e.g., asthma and chronic 
obstructive pulmonary disease), and diabetes [6]. 

Throughout the past century, non-communicable diseases have formed the lead-
ing cause of death worldwide. Heart disease became the leading cause of death in the 
1920s and has remained at the top for almost 100 years [4, 6]. Over the past decade, 
ischemic heart disease, stroke, lower respiratory tract infections, cancers, and 
chronic obstructive lung disease have continued to be the major global killers 
[6]. Additionally, diabetes has entered the top 10 causes of death worldwide follow-
ing a 70% increase in mortality rate from 2000 to 2019 [7]. 

Globally, life expectancy is continuing to rise. In 2019, life expectancy at birth for 
both sexes was estimated at 73 years. However, there is wide socioeconomic 
disparity, with life expectancy only 62 years in low-income countries, versus 
79 years in high-income countries [8]. In 2019, non-communicable diseases were 
responsible for 74% of all deaths globally, with 3 in every 10 deaths related to 
cardiovascular disease (including ischemic heart disease and stroke) [7]. As a 
proportion, mortality from non-communicable diseases makes up the majority of 
all deaths in high-income (87%) and upper-middle income (81%) countries, with 
lower proportions for middle-income (57%) and lower-middle income (37%) coun-
tries [7]. However, the burden of these diseases is rising disproportionately among 
low- and middle-income countries, with nearly three quarters of non-communicable 
disease deaths occurring in these areas [6]. Consequently, from a global perspective, 
people are living longer, but increasingly with chronic disease.
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14.1.3 The Re-infectious Era? 

Infectious diseases are still major killers, with lower respiratory tract infections and 
diarrhoeal diseases the fourth and eighth leading causes of death in 2019, respec-
tively [7]. In 2019, COVID-19 emerged as the first global pandemic in the twenty-
first century. As of November 2021, 260 million confirmed cases of COVID-19 and 
5.2 million related deaths had been reported to the World Health Organization 
(WHO) [9]. The pandemic surfaced long-standing inequalities across income 
groups, overwhelmed global essential health services and workforces, and revealed 
crucial gaps in health information systems worldwide. In addition to the influence on 
global mortality, the COVID-19 pandemic required drastic changes to day-to-day 
life and social interaction. Global lockdowns calling for physical distancing and 
minimising human movement resulted in a shift to working remotely, limited 
outdoor time, and reduced opportunities for physical activities with the closure of 
recreational sporting facilities. These changes have seen a global reduction in 
physical activity and increase in sedentary time [10–12]. 

14.1.4 The Link Between Sedentary Lifestyles and Mortality 

Over the most recent decades, the increase in non-communicable disease has 
coincided with a decrease in daily energy expenditure, which has occurred within 
an environment conducive to extended periods of sitting [13, 14]. The extent of the 
problem was highlighted in a study by Ng and Popkin [14] that examined time-use 
data to describe the rate of change in leisure time sedentary behaviour and four 
domains of physical activity (active leisure, travel, domestic, and occupational) for 
the USA, UK, Brazil, China, and India, with forecasts given through to 2030. Sharp 
declines, particularly in occupational and domestic physical activity, coinciding with 
the proliferation of time- and labour-saving devices, have led to increasing time 
spent in sedentary behaviours globally (Fig. 14.1). In 2009, the average American 
adult spent nearly 38 h/wk. being sedentary. Based on current trends, by 2030 this 
will increase to nearly 42 h/wk. (Fig. 14.1) [14]. Time spent in sedentary behaviours 
was even higher in the UK, estimated at around 42 h/wk. in 2005, and projected to 
increase to 51.5 h/wk. by 2030 [14]. For more information on the prevalence of 
sedentary behaviour, please refer to Chap. 2. 

A body of epidemiological studies support an adverse association between 
excessive sitting with poor health outcomes (including cardiometabolic risk bio-
markers and type 2 diabetes) and premature mortality [15]. Time spent in sedentary 
behaviours (typically sitting), as distinct from lack of moderate-to-vigorous physical 
activity (MVPA), is therefore a new focus of research in the physical activity and 
health field [15]. Recent years have seen a shift from self-reported to device-
measured sitting time, which provides new and informative insights into the relation-
ships between sedentary behaviours and health. Here, we review the current



literature investigating the association between sedentary behaviour and risk of 
premature mortality. 
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Fig. 14.1 US Adults MET-hours per week (based on time-use surveys) of all physical activity, and 
hours/week of time in sedentary behaviour: measured for 1965–2009, forecasted for 2010–2030. 
Icons indicate time and labour-saving devices or popular products that promote sedentary behav-
iour; either their approximate year of introduction to the market or when their use became 
commonplace in households. 1970s—clothes dryers and dishwashers became commonplace in 
households; first mobile phone; satellite TV; personal computers; handheld gaming consoles. 
1980s—laptops; mobility scooters. 1990s—worldwide web; microwaves became commonplace 
in households; PlayStation; smartphones; electric bicycles; Wi-Fi. 2000s—segways; social media 
(e.g. Facebook, Twitter, YouTube). 2010—first iPad released. Figure adapted with permission from 
Ng & Popkin, 2012 [14] 

14.2 Sedentary Behaviour and Risk of Premature Mortality 

The inverse relationship between physical activity and health and mortality out-
comes is well established. The weight of this evidence culminated in the release of 
the first Surgeon General’s Report on Physical Activity in 1996 [16], which 
summarised four decades of epidemiological research on various health and disease 
outcomes and has led to a raft of public health messages recommending regular 
participation in MVPA. These recommendations have been widely promulgated 
with the aim of reducing the burden of non-communicable diseases [17, 18] and 
have been consistently supported by research showing beneficial associations of 
physical activity with reduced risk of type 2 diabetes [19, 20], cardiovascular disease 
(CVD) [21], and premature mortality [22–24].
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Fig. 14.2 Traditional (a) and emerging (b) conceptualizations of the relationships between seden-
tary behaviour and physical activity, and their impact on cardiovascular and metabolic outcomes. 
(a) Time spent in sedentary behaviours was traditionally regarded as part of one end of a physical 
activity spectrum, which had impacts on cardiovascular and metabolic outcomes opposite to that of 
physical activity. (b) An emerging theory views sedentary behaviours as distinct from physical 
activity, in recognition of the evidence that high levels of sedentary behaviour can co-exist with 
high levels of total physical activity and that they may have independent effects on health outcomes. 
Adapted from Ford & Caspersen, 2012 [25] 

The majority of epidemiological studies investigating the beneficial effects of 
MVPA have regarded time spent in sedentary behaviours as simply the opposite end 
of a physical activity spectrum (Fig. 14.2). However, a contemporary paradigm 
views sedentary behaviour as distinct from physical activity. Indeed, high levels of 
sedentary behaviour can co-exist with high levels of physical activity [26]. In an 
analysis of the NIH-AARP Diet and Health study, it was found that participants who



reported engaging in more than 7 h/wk. of MVPA, but who also watched more than 
7 h/d of television had a 50% greater risk of death from all causes, and twice the risk 
of death from CVD, compared to those who undertook the same level of activity, but 
watched less than 1 h/d of television [26]. Additionally, recent meta-analyses 
indicate that large volumes of MVPA may be required to offset adverse health 
effects for those who spend large amounts of time in sedentary behaviours 
[27]. This has prompted increasing concern in the public health arena around a 
decline in “baseline activity” (the light-intensity activities of daily living), which 
often result in bouts of prolonged sitting. Prolonged sitting is now ubiquitous in 
modern society, induced by environments that encourage sedentary behaviours such 
as changes in personal transportation, communication, workplace technologies, and 
domestic entertainment technologies which have displaced a number of light domes-
tic and occupational duties (Fig. 14.2)  [15]. The emergence of this new “physical 
activity paradigm” has highlighted the potential role that all aspects of human 
movement may play in impacting health [18, 28]. 
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An expanding body of scientific literature has reported on the relationship 
between both overall self-reported sitting time and context-specific sedentary behav-
iours on premature mortality. Below, we review the prospective studies that have 
investigated the association between context-specific (Sect. 14.2.1) or overall sitting 
(Sect. 14.2.2) and mortality risk. A review of the current meta-analyses focusing on 
sedentary behaviours and mortality risk is presented in Sect. 14.2.3. The main 
findings of these prospective and meta-analysis studies are summarised in 
Table 14.1. 

14.2.1 Specific Sedentary Behaviours 

Data from the United States National Human Activity Pattern Survey in 1992–1994 
showed that the most common sedentary behaviours, when ranked by percentage of 
waking hours, were driving a car (10.9%), office work (9.2%), watching television 
or a movie (8.6%), performing various activities while sitting quietly (5.8%), eating 
(5.3%), and talking to someone in person or over the phone (3.8%) [29]. Many 
epidemiological studies have attempted to capture overall sedentary behaviour 
through the examination of common context-specific sedentary behaviours, as this 
is easier for an individual to accurately recall compared to total sitting throughout the 
day, which is generally under-estimated by the population [30]. Emerging evidence 
suggests some sitting behaviours may be more metabolically harmful than others 
[31]. Below, we summarise the epidemiologic literature investigating domain-
specific sedentary behaviours and mortality risk.
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Occupational Sitting 

The modern field of physical activity epidemiology arguably dates back to the early 
1950s with the seminal studies of Morris and colleagues [32], involving employees 
of the London Transport Executive (bus drivers compared to conductors) and Post 
Office (civil servants compared to postal workers). Those who were employed in 
physically active occupations (bus conductors and postmen) had lower mortality 
rates from heart disease than those engaged in less active occupations (bus drivers 
and telephone switchboard operators). These early studies provided the initial 
evidence that insufficient physical activity contributed to premature mortality risk. 
However, it has recently been proposed that some of the associations observed in 
these studies may also be attributed to differences in time spent sitting, rather than 
simply the lack of occupational physical activity per se [28]. Unfortunately, the 
independent contributions to mortality risk of sitting versus lack of physical activity 
cannot be determined from these studies [18]. 

In a 3.3-year follow-up of the Nord-Trøndelag Health Study 3 (HUNT3), the 
overall trend of occupational sitting (from “mostly sitting” to “heavy labour”) was 
not associated with all-cause or cardiometabolic related mortality [33, 34]. In con-
trast, participants with jobs requiring “much walking and lifting” had a 35% lower 
risk of all-cause mortality than those with jobs requiring “mostly sitting” [33, 34]. A 
major limitation of this study was the short follow-up period. However, a compre-
hensive assessment of the Multiethnic Cohort Study also showed no correlation 
between work-related sitting time and mortality with a median of 13.7 years follow-
up [35]. Therefore, the relationship between occupational sitting and premature 
mortality is currently unclear and needs to be addressed in further studies. 

Television Viewing 

Television viewing is the most prevalent and possibly the most pervasive leisure-
time sedentary behaviour in industrialised countries [36]. Apart from sleeping and 
working, television viewing is the most commonly reported daily leisure-time 
activity in many populations around the world, corresponding to approximately 
3.5 h/d of television viewing in European countries, 4 h/d in Australia, and 5 h/d 
in the USA based on self-reported measures [36–39]. Consequently, television time 
has been used as an indicator of overall leisure-time sedentary behaviour. Impor-
tantly, because this is likely to be the type of sedentary behaviour most amenable to 
voluntary change, reducing television viewing time has been identified as a potential 
target for behaviour modification [40]. 

In the Australian Diabetes, Obesity and Lifestyle Study (AusDiab), with a median 
follow-up of 6.6 years, there was a significant positive association between televi-
sion viewing and mortality from all causes and CVD, but not from cancer [41]. For 
each 1 h/d increase in television viewing time, the risk of all-cause mortality 
increased by 11%; and risk of CVD mortality increased by 18%. After adjustment



for exercise time, those who watched television for ≥4 h/d were at 46% increased 
risk of all-cause mortality, 80% increased risk of CVD mortality, and showed a trend 
towards an increased risk of cancer mortality, compared to those who watched <2 h/  
d [41]. 
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Similarly, an analysis of the European Prospective Investigation of Cancer 
(EPIC)-Norfolk Study over 9.5 years follow-up showed 5% increased risk of 
all-cause mortality, and 8% increased risk of CVD mortality for each 1 h/d increase 
in television viewing time. Again, there was a non-significant trend for association 
between television viewing time and cancer mortality [40]. 

In the NIH-AARP Diet and Health Study, television viewing time (>7 h/d 
compared with <1 h/d) was associated with greater risk of all-cause, CVD, and 
cancer mortality [26]. Participation in high levels of MVPA (>7 h/wk) did not fully 
mitigate this effect in participants with high television viewing time [26]. 

For both men and women, television viewing in the Multiethnic Cohort Study 
was deleteriously associated with all-cause, CVD, and other cause mortality, but not 
cancer mortality [35]. Compared to <1 h/d, ≥5 h/d of television viewing was 
associated with a 19% and 32% increased risk of all-cause mortality; 20% and 
33% increased risk of CVD mortality; and 21% and 62% increased risk of other 
(non-CVD, non-cancer) causes of mortality for men and women, respectively. There 
was also a tendency for an association of high television viewing with cancer 
mortality risk for men, but not for women [35]. 

However, not all studies have shown significant associations between television 
viewing and mortality. A 21-year follow-up of the Aerobics Centre Longitudinal 
Study (ACLS) showed a non-significant trend for increased CVD mortality risk 
across incremental quartiles of television viewing [42]. There was also no significant 
difference in CVD mortality risk observed between the highest (>12 h/wk) and 
lowest (<4 h/wk) quartiles of television viewing time. Conversely, there was a 
significant positive relationship when combining television viewing and time spent 
riding in a car. Those in the highest quartile (>23 h/wk) of combined sedentary 
behaviour showed 37% higher risk of CVD mortality compared to those in the 
lowest quartile (<11 h/wk) [42]. 

Similar to the findings observed for occupational sitting, television viewing in the 
HUNT3 study [33, 34] was not significantly associated with all-cause or 
cardiometabolic disease-related mortality. There were also no significant differences 
between those in the highest television viewing category (≥4 h/d) compared to the 
lowest category (<1 h/d). In addition to the short follow-up period, the authors 
acknowledged suboptimal measurement of television viewing time as a limitation of 
this study, which resulted in 70% of respondents reporting television viewing in the 
moderate 1–3 h/d category. Moreover, the study population was from a semirural 
region of Norway, where participants may have different patterns of sedentary 
behaviour and physical activity compared to those from more urban areas [33, 34]. 

A recent study expanded on the known causes of mortality that have been 
associated with prolonged television viewing time [43]. After 14.1 years of 
follow-up from the NIH-AARP Diet and Health Study, each 2 h/d increment in 
television viewing time was significantly associated with mortality risk from cancer,



heart disease, chronic obstructive pulmonary, diabetes, influenza/pneumonia, 
Parkinson disease, liver disease, and suicide. Additionally, the Japan Collaborative 
Cohort (JACC) Study for Evaluation of Cancer Risks reported strong associations 
for television viewing and colorectal cancer mortality [44]. The study found that 
compared to <1.5 h/day, watching 4.5 h/day of television viewing significantly 
increased risk of dying from colorectal cancer [44]. These studies have substantially 
increased the breadth of mortality outcomes that have been associated with high 
levels of television viewing and suggest that sedentary behaviour, particularly 
television viewing, may be a more important target for public health intervention 
than previously thought [43]. 
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Recreational Screen Time 

In the Scottish Health Survey, recreational screen time (including television viewing 
and computer use, but not workplace screen time) was positively associated with 
all-cause and CVD mortality risk. For every 1 min/d increase in screen time, the risk 
of all-cause mortality and CVD events (both fatal and non-fatal) increased by 
0.1% [39]. 

Conversely, Ford [45] did not show a deleterious association between recrea-
tional screen time (time spent watching television, videos or using a computer 
outside of work) and mortality from all causes or diseases of the circulatory system 
in the US National Health and Nutrition Examination Survey (NHANES). 

A recent study of the UK Biobank data investigated the associations of discre-
tionary screen time (time spent on a computer or television for leisure) [46]. The 
results showed that for every 1 h/day increase in overall discretionary screen time, 
hazard ratio (HR) for all-cause mortality was 1.04 (95% confidence interval 
(CI) 1.02, 1.07). However, when this was stratified into television viewing and 
computer viewing, the associations for television viewing were stronger (HR 1.06, 
95% CI 1.03, 1.08) compared to computer viewing (HR 1.03, 95%CI 1.00, 1.06). 

Leisure Time Sitting 

In a 14-year follow-up of the Cancer Prevention Study II, men and women who 
reported sitting ≥6 h/d had 17% and 34% increased risk of all-cause mortality, 
respectively, compared to those who reported sitting ≤3 h/d [47]. In a stratified 
analysis, men and women who had high levels of sitting (≥6 h/d) and low levels of 
physical activity (<24.5 MET-h/wk) were at higher risk of all-cause mortality than 
those who reported both sitting the least (<3 h/d) and being the most physically 
active (≥52.5 MET-h/wk). Moreover, women with high levels of physical activity 
and high levels of sitting were still at greater risk of mortality compared to those 
with high activity and low sitting. Time spent sitting was most strongly associated 
with increased risk of CVD for both men and women, whereas it was associated with 
increased cancer mortality risk only among women [47].
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A study specifically investigating a cohort of participants diagnosed with colo-
rectal cancer, found that spending ≥6 h/d of leisure time sitting (including sitting 
during transport, watching television, and reading), assessed pre-diagnosis, was 
positively associated with increased risk of all-cause mortality compared to those 
who reported <3 h/d of leisure time sitting. Whereas, leisure time spent sitting post-
diagnosis was significantly correlated with mortality specifically related to colorectal 
cancer [48]. 

Analysis of the Multiethnic Cohort Study revealed that ≥3 h/d compared to <1 h/  
d of leisure time sitting (not including television or meals) was associated with a 6% 
and 7% increased risk of all-cause mortality for men and women, respectively 
[35]. No significant effects were observed for other causes of death. The smaller 
effect sizes in this study could be due to the exclusion of television viewing in the 
leisure time category. 

Transport 

In contrast to the absence of an association for television viewing in the ACLS study, 
there was a significant positive gradient for CVD mortality risk across quartiles of 
time spent riding in a car [42]. Men in the highest quartile (>10 h/wk) were at 50% 
greater risk of CVD mortality compared to those in the lowest quartile (<4 h  
wk) [42]. 

No association between any cause of mortality and sitting in a car or bus was 
observed for men in the Multiethnic Cohort Study [35]. However, women in the 
highest transport sitting category (≥3 h/d) showed a 16% higher risk of CVD 
mortality compared to those in the lowest category (<1 h/d). 

Mentally Active vs Passive Sedentary Behaviour 

Increasing research into context-specific sedentary behaviours has prompted inves-
tigations into differential associations of mentally active vs passive sedentary behav-
iours. A mentally active sedentary behaviour refers to a task which is completed 
whilst sedentary, that requires a higher level of thinking [49]. For example, working 
at a computer, playing a strategic video game, or studying may be considered more 
mentally active than watching television. This research has primarily addressed the 
associations with mental health outcomes such as depression [50]. At present, these 
observations have not been extended to mortality risk. 

14.2.2 Overall Sedentary Behaviour/Sitting 

An analysis of the Japan Public Health Centre (JPHC) Study reported that Japanese 
men who spent ≥8 h/d in sedentary behaviours had a significantly elevated risk of



all-cause mortality compared with men who spent <3 h/d sedentary [51]. However, 
there was no corresponding association observed in Japanese women [51]. With 
respect to the interpretation of sedentary outcomes, this study is limited by its 
primary focus on the effects of physical activity, and lack of description around 
what constituted sedentary behaviour. 
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The Canada Fitness Survey 12-year follow-up study showed a detrimental dose-
response relationship of daily sitting time (almost none, ¼, ½, ¾, or almost all of the 
time) with all-cause and CVD mortality in both men and women. Similar results 
were obtained after stratification by smoking status, BMI, and leisure time physical 
activity level (greater or less than 7.5 MET/h/wk) [52]. The relationship between 
sitting and cancer mortality was not significant [52]. Unfortunately, due to the 
minimal control of baseline physical health, the potential for reverse causation 
cannot be ruled out in this study. 

In the NIH-AARP Diet and Health study, similar patterns were observed for 
overall sitting as for television viewing (described previously), but the associations 
for overall sitting were weaker. Independent of MVPA, overall sitting was found to 
be positively associated with all-cause but not CVD or cancer mortality [26]. Com-
pared to those who sat for <3 h/d, individuals sitting ≥9 h/d showed a 19%, 16%, 
and 12% increased risk of all-cause, CVD, and cancer mortality, respectively [26]. 

Despite a relatively short follow-up period (2.8 years), analysis of the 45 and Up 
study of Australian Adults also showed a positive association between total sitting 
time and all-cause mortality, independent of leisure-time physical activity. An 11% 
increase in risk of all-cause mortality was observed for each increase in sitting 
category (<4 h/d, 4–8 h/d, 8–11 h/d, ≥11 h/d) [53]. In agreement with other 
analyses, inactive participants with high levels of sitting showed the highest mortal-
ity rate, but an association between high sitting and mortality was also observed 
among participants with high levels of physical activity relative to those with low 
amounts of sitting [53]. 

Similarly, Chau and colleagues [33, 34] observed a significant positive associa-
tion between total sitting and all-cause and cardiometabolic related mortality in the 
HUNT3 Study after 3.3 years follow-up. This is in contrast to their results for 
separate domains of sitting (occupational and television viewing time, discussed 
previously), which did not show significant associations. In the highest category of 
total sitting time (≥10 h/d), there was a 65% and 115% greater risk of all-cause and 
cardiometabolic related mortality, respectively, compared to those in the lowest total 
sitting category (<4 h/d) [33, 34]. 

In the Multiethnic Cohort Study, total daily sitting was not significantly associ-
ated with all-cause, CVD, or cancer-related mortality in men [35]. However, there 
was a significant association with other causes of mortality. In contrast, significant 
associations were observed in women. Compared to women who reported sitting for 
<5 h/d, those who sat ≥10 h/d had 11% greater risk of all-cause; 19% greater risk of 
CVD, and 20% greater risk of other causes of mortality [35]. 

A 12-year follow-up of the Women’s Health Initiative Observational Study 
investigated the risks of sedentary behaviour in older women with a focus on 
minority representation [54]. Significant deleterious linear trends between sedentary



behaviour and risk of all-cause, CVD, coronary heart disease and cancer mortality 
were observed. Compared with women who reported the least time in sedentary 
behaviours (≤4 h/d), women reporting the highest time in sedentary behaviours 
(>11 h/d) had 12% increased risk of all cause, 27% increased risk of coronary heart 
disease mortality, and 21% increased risk of cancer mortality, but no significant 
effect on risk of CVD mortality. Interaction tests indicated that the association 
between sedentary behaviour and all-cause mortality was stronger in black women 
and women in the “other” race group (including Asians, Native Americans, Pacific 
Islanders, and multi-racial women) compared to those in the White and Hispanic 
categories [54]. 
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Similarly, an analysis of the Australian Longitudinal Study on Women’s Health 
[55] assessed older women for a median follow-up of 6 years. Self-reported total 
sitting time was non-linearly positively associated with all-cause mortality, with a 
threshold around 7–9 hours of sitting per day. This is consistent with the thresholds 
suggested by previous studies. Women sitting for 8 ≤ 11 h/d and ≥ 11 h/d were 
reported to be at greater risk of all-cause mortality. However, this effect was 
attenuated and the associations with mortality for those sitting ≥11 h/d were no 
longer significant with adjustment for chronic conditions, self-reported health, and 
assistance with daily tasks. A significant interaction between sitting time and 
physical activity was observed, with only those not meeting the physical activity 
guidelines and sitting for prolonged periods at higher risk of mortality [55]. 

In one of the earliest mortality-focused study to date to use objective accelerom-
eter data, Koster and colleagues reported a positive association between overall 
sedentary time and all-cause mortality after a mean 2.8-year follow-up of the 
NHANES study [56]. Participants in the two highest quartiles of sedentary time 
(h/d) were at 1.74-fold and 2.26-fold greater risk of all-cause mortality than those in 
the lowest quartile, independent of MVPA. Importantly, this study is in agreement 
with the majority of epidemiological studies using subjective measurements of 
sedentary time. However, the estimated risk is much higher than previously reported, 
and more studies using device-based assessment, over longer follow-up periods, are 
needed to corroborate these results. 

In an interesting analysis of self-reported sitting time in a prospective cohort of 
older Spanish adults (≥60 years), the risk of continued sedentariness or changes in 
sedentary behaviour on mortality were assessed [57]. Self-reported sitting time was 
recorded on two occasions, 2 years apart, and long-term all-cause mortality deter-
mined at 10-year follow-up. Approximately 40% of respondents changed their 
sedentary behaviour over this 2-year period. The authors found that, compared 
with those who were consistently sedentary (sitting time > median for both time 
points), those who were consistently non-sedentary were at significantly less risk of 
all-cause mortality. Moreover, those who were newly sedentary or formerly seden-
tary showed non-significant trends towards lower risk of mortality than those who 
were consistently sedentary. This finding provides an interesting insight, as it 
suggests that the relevant exposure is cumulative sitting time, and thus those who 
reduce their sitting time may benefit from a less sedentary lifestyle [57].
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The increased focus on device-measured sitting time has minimised inherent 
limitations in self-reported data and provides new insights into the interrelationship 
between sedentary behaviour and physical activity. Tarp and colleagues [58] 
explored this relationship in their recent analysis of the NHANES cohort. The 
study examined associations of total and intensity-specific physical activity and 
sedentary time with all-cause mortality. Interestingly, in this cohort, there were no 
significant associations of sedentary time and risk of all-cause mortality [58]. How-
ever, a similar study using data from a population-based sample of older men in the 
UK found strong associations between increased sedentary time and all-cause 
mortality [59]. Given device-based measurement is relatively new with respect to 
sedentary behaviour, there is a clear need for further prospective cohort studies to 
clarify these associations and the strength of such in different populations. 

Summary and Limitations 

Prospective studies generally indicate that time spent in overall or specific sedentary 
behaviours is associated with increased risk for all-cause and CVD-related mortality 
in both men and women; however, an association with cancer is less clear. However, 
some studies report no significant effects of sedentary behaviour on mortality risk. 
The apparent discrepancies may be explained by a number of limitations and 
methodological differences between studies, for example, the heterogeneity in data 
collection, including the different manner in which sitting behaviours have been 
determined, the questions that were asked, and the population from which the 
information was collected. This could have contributed to measurement bias and 
under-reporting of sitting behaviour. In recent years, there has been an increase in 
studies using device-based measures of sitting time. Although there are limitations 
with this type of data collection, more studies using objective data are needed to 
clarify the strength of the association between sedentary behaviour and mortality. 
Limitations also extend to the period of follow-up, which was very short for some 
studies; and the confounders that were or were not adjusted for in the models, 
including some that did not appropriately adjust for physical activity or BMI. 
Moreover, all but one study used baseline sitting time as the measure of sedentary 
behaviour, which does not take into account changes in behaviour over time. This 
could increase the chance of random error and may under-estimate the reported 
associations. Finally, reverse causality is difficult to determine and may have 
contributed to the associations reported.
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14.2.3 Meta-analyses of Sedentary Behaviour 
and Mortality Risk 

A growing number of systematic reviews have examined sedentary behaviour, 
health outcomes, and mortality. Below is a summary of the current meta-analyses 
that have focused on sedentary behaviour and premature mortality. The main 
findings of these studies are presented in Table 14.1. 

All-Cause Mortality 

Grontved and Hu [36] analysed three studies which reported specifically on televi-
sion viewing time as a measure of sedentary behaviour and all-cause mortality. The 
authors found that each 2 h/d increment in television viewing time was associated 
with a 13% increase in risk of all-cause mortality. Piecewise regression analysis 
revealed that the relationship with all-cause mortality was non-linear, with an 
inflection point at 3 h/d of television viewing, above which there was a 30% 
increased risk of mortality. Television viewing is often associated with increased 
food intake, and consumption of unhealthy diets; therefore, it has been suggested 
that some of the association of television viewing with health and mortality out-
comes could be explained by diet, particularly snacking behaviours [60]. However, 
pooling of the estimates with additional adjustment for dietary variables did not 
attenuate the effect estimate for all-cause mortality in this study [36]. 

Wilmot and colleagues [61] analysed eight studies reporting on sedentary behav-
iour and all-cause mortality. The studies used reported data on multiple sedentary 
behaviours, including either television time/screen-based entertainment, self-
reported sitting time, or both. Because the studies did not employ standardised 
measures of sedentary behaviour, it did not allow a summary measure to be 
calculated in the meta-analysis. The authors found that adults with the highest time 
spent in sedentary behaviours have a 49% increase in the risk of all-cause mortality 
compared to those with the lowest time spent in sedentary behaviours [61]. 

In a meta-analysis of six prospective studies that specifically investigated total 
daily sitting as the quantitative exposure variable and all-cause mortality as the 
outcome, Chau and colleagues [34] reported a 34% higher risk among adults sitting 
for 10 h/d compared with 1 h/d. Overall, the dose-response relationship between 
daily sitting and all-cause mortality showed a 2% increase in risk per hour of daily 
sitting. In agreement with the findings of Grontved and Hu [36], the association 
between sitting time and all-cause mortality was non-linear, with a significant 
relation above 7 h/d. 

Biswas and colleagues [62] analysed 13 studies reporting on sedentary behaviour 
and all-cause mortality. Sedentary behaviour in all but one study was quantified 
using self-report. After adjustment for physical activity, greater time spent sedentary 
was independently associated with 22% higher risk of all-cause mortality. Pooled 
associations revealed that those with high levels of physical activity and high sitting



were at 30% lower relative risk of all-cause mortality than those with low levels of 
physical activity and high sitting. The ability to draw definitive conclusions from this 
finding are limited by the lack of definition of high vs low sedentary time and also for 
physical activity. However, this suggests that high levels of physical activity may 
modify the deleterious effects of prolonged sedentary time and highlights the need to 
better understand the relationship between sedentary behaviour, physical activity, 
and the risks/benefits to health. 
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Patterson and colleagues [63] examined the dose–response association between 
multiple types of sedentary behaviour and all-cause, CVD, and cancer mortality. 
They also aimed to map the attenuating effect of physical activity on mortality risk 
across the continuous sedentary behaviour dose-spectrum. Thirty-four studies which 
included self-reported sedentary behaviours were included. Overall, total sitting and 
television viewing time are associated with greater risk of premature mortality, 
independent of physical activity levels [63]. The study also identified important 
threshold for mortality risk. Sitting for longer than 6–8 h/day total and 3–4 h/day of 
television viewing was identified to significantly increase risk of all-cause and CVD 
mortality [63]. 

The increased use of device-based measures of sedentary behaviour and physical 
activity has seen a concurrent increase in studies reporting these objective outcomes. 
A recent meta-analysis examined dose-response associations of sedentary behav-
iours and all-cause, cardiovascular, and cancer mortality [27]. Ekelund and col-
leagues included eight studies which examined sedentary behaviour and physical 
activity with waist-worn accelerometry. The study reported that greater time spent 
being active at any intensity and less time spent sedentary were associated with 
substantially reduced risk for premature mortality, with evidence of a non-linear 
dose-response pattern in middle-aged and older adults [27]. 

Cardiovascular Disease Mortality 

In an analysis of six studies that have reported on screen time, and two studies on 
sitting time, Ford and colleagues [25] found 17% and 5% increase in fatal and 
non-fatal CVD risk, respectively, for each additional 2 h/d increase in sitting. 

In a meta-analysis of eight studies reporting data on multiple sedentary behav-
iours, including either television time/screen-based entertainment, self-reported sit-
ting time, or both, Wilmot and colleagues [61] found a 90% increase in risk of CVD 
mortality for adults with the highest amount of time spent in sedentary behaviours, 
compared to those with the lowest time spent in sedentary behaviours. 

Biswas and colleagues [62] analysed seven studies reporting on sedentary behav-
iour and CVD mortality. After adjustment for physical activity, greater time spent 
sedentary was independently associated with 15% higher risk of CVD mortality. 

Ekelund and colleagues [64] conducted a harmonised meta-analysis with data 
from 850,060 participants to examine whether associations of daily sitting and 
television viewing- and CVD- and cancer-mortality differed by self-reported phys-
ical activity levels. The findings showed substantial increased risk of CVD mortality



for those that sat >8 h/day and did little physical activity (HR 1.32). The risk was 
even greater in those who watched television for >5 h/day (HR 1.59) [64]. This 
association was still evident in those who completed some physical activity, but the 
risk was no longer significant in those completing 60–75 min/day of MVPA 
[64]. Section 8.2 provides more information on the association between sedentary 
behaviour and CVD mortality. 
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Cancer Mortality 

In contrast to all-cause and CVD mortality outcomes, results from studies investi-
gating an association between sedentary behaviour and cancer-related mortality are 
less clear. Nonetheless, in a meta-analysis of eight studies that included cancer 
(breast, colon, colorectal, endometrial, and epithelial ovarian) mortality as an out-
come measure, Biswas and colleagues [62] found that greater time spent sedentary 
was independently associated with 13% higher risk of cancer mortality, after adjust-
ment for physical activity. For more information on sedentary behaviour and cancer 
mortality, please refer to Sect. 9.4. 

Summary and Limitations 

Meta-analyses investigating the detrimental association of sedentary behaviour with 
mortality provide strong evidence that excessive sitting is associated with elevated 
mortality risk. However, these analyses are subject to a number of limitations. Some 
meta-analyses have included a very small number of studies, and the follow-up 
period of some of the studies is relatively short. One of the major limitations is the 
heterogeneity in the studies analysed, both in terms of the units (e.g., overall sitting, 
television time, occupational sitting) and categories (quantification of high versus 
low sitting time) in which sedentary time was measured; and the confounders that 
were adjusted for in various models (including some that did not appropriately adjust 
for physical activity). Publication bias due to selective reporting may also be an 
issue [65]. 

14.2.4 The Importance of Addressing the Interplay Between 
Sedentary Behaviour and Physical Activity in Relation 
to Mortality Risk 

The most comprehensive overview of the relationships between sedentary behaviour 
and mortality was initially published as part of the 2018 Physical Activity Guidelines 
Advisory Committee (PAGC) [66] and subsequently updated within the 2020 World 
Health Organization (WHO) physical activity and sedentary behaviour guidelines



[67]. Notably both acknowledged the strong evidence that exists for the dose-
response associations between sedentary behaviour and all-cause mortality and 
cardiovascular mortality (with an increasing slope at higher amounts of sedentary 
behaviour). Key take-aways from these reviews are: 
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1. The hazards of sedentary behaviour are most pronounced in those who are also 
physically inactive (i.e., not meeting physical activity guidelines). 

2. Those who are highly sedentary require higher amounts of physical activity to 
achieve the same level of absolute mortality risk as those who are less sedentary. 

These observations have led to an increased emphasis on achieving a healthier 
“balance” between time spent in sedentary behaviour and physical activity for 
mitigating mortality risk. Consequently, the WHO 2020 Guidelines on Physical 
Activity and Sedentary Behaviour provide a new focus on sedentary behaviour 
and its interrelationships with physical activity [68]. Specifically, the integration of 
the sedentary behaviour guidelines within the physical activity guidelines highlights 
that multiple approaches or strategies could be employed to reduce risk [67]. This 
includes lowering time spent in sedentary behaviour, increasing time spent in 
physical activity or preferably, the combination of both strategies. It is anticipated 
that the new sedentary behaviour guidelines will be the catalyst for more targeted 
research on the health benefits of attending to both physical activity and sedentary 
behaviour for optimising the “balance” of these behaviours. 

New Insights From Objective Monitoring Supporting the Promotion 
of Physical Activity of Any Intensity 

The enhanced measurement capacity provided by objective activity monitors has 
also highlighted the strong relationship that sedentary behaviour has with light-
intensity physical activity, where a large proportion of the variation in sedentary 
time can be attributed to displacement of light physical activities, whereas the 
correlations between sedentary activity and MVPA, or light activity and MVPA 
are generally weak [69]. That is, the more time participants spend in light-intensity 
activity, the less time they spend sedentary. In recent years, these findings have been 
extended with multiple studies investigating the associations of device-measured 
sedentary behaviour and physical activity on mortality. Displacement of sedentary 
behaviour with both light intensity and MVPA reduces mortality risk [70, 71]. These 
findings, particularly that of LaMonte and colleagues [70] are encouraging given the 
perceived barriers to regular participation in MVPA that are frequently reported by 
adults [72]. Reducing sedentary time and increasing light-intensity physical activity 
is likely to be a feasible and achievable goal for most individuals that does not 
require the extra perceived effort to achieve good health outcomes [73].
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Some Types of Sedentary Behaviours May Be More Detrimental For 
Mortality Risk 

There is a growing body of epidemiological evidence indicating that certain seden-
tary behaviours may be more detrimental for health than others [31, 65, 74]. For 
example, television viewing has consistently been shown to be associated with 
mortality risk, as discussed previously. Further, the risk attenuation observed for 
sitting time at higher levels of physical activity is not evident for television viewing 
(or something along these lines). Adoption of emerging technologies such as 
geolocation data, acceleration signals in mobile phones, and inclinometers will 
help to obtain more accurate measurements and extend understanding contextual 
influence of sedentary behaviour [65]. Further, recent trends in using compositional 
data analysis (applying a 24-hour framework to device-measured activity data) to 
assess health risks of sedentary behaviour has the potential to provide a novel and 
sophisticated analysis technique to better understand the differential health risks of 
context-specific sedentary time. 

14.2.5 Remaining Questions 

Does Reducing Prolonged Sitting Extend Quality of Life/Reduce Years 
of Disability? 

Accelerometer data from the NHANES study show that the most sedentary age 
group is adults aged ≥60 years [26, 75]. This could be due to chronic conditions that 
reduce the ability to participate in physical activity and conversely more sedentary 
behaviour. However, diminished physical function is not necessarily due to chronic 
disease, nor does chronic disease necessarily affect function. An interesting question 
in this context is whether reducing sedentary behaviour can improve quality of life 
and extend active (or reduce disabled) life expectancy. A study in Australian adults 
observed that television viewing time is deleteriously associated with physical well-
being, mental well-being and vitality, independently of leisure-time physical activity 
and waist circumference [76]. However, the causal relationships in this context 
remain unclear, and other domains of sedentary behaviour need to be further 
investigated. 

What Other Variables Related to Physical Activity and Sedentary 
Behaviour May Be Important For Mortality Risk? 

Increased caloric intake and reduced energy expenditure, leading to energy surplus, 
are the most commonly proposed mechanisms for explaining the relationship 
between television viewing time and health outcomes [41]. This stems from evi-
dence showing that increased snacking is associated with high levels of television



viewing time and increased adiposity [60, 77]. However, the association between 
sedentary behaviour and mortality has been shown to be independent of diet quality 
and energy intake [40, 41]. Moreover, though sedentary behaviour tends to increase 
in those who are overweight or obese (indicating energy surplus), the association 
between sedentary behaviour and mortality is still evident even after adjustment for 
BMI [41, 47, 53–56, 78]. 
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In a recent review, Bouchard and colleagues [79] summarise the importance of 
sedentary behaviour, physical activity level, and cardiorespiratory fitness on health 
and premature mortality. They conclude that there are interdependent associations 
between all of these variables, but also evidence supporting their independent effects 
on health outcomes. The interdependence of these variables makes it very difficult to 
tease out their independent relations, and additional research is needed to help clarify 
how each of these variables contributes to health and mortality risk. Figure 14.3 
illustrates the various health outcomes which are associated with increased sedentary 
time and low physical activity, and the potential biological mechanisms which may 
underlie these associations. 

14.3 Summary 

More than 60 years of scientific enquiry demonstrating evidence for a causal link 
between physical activity, health, and premature mortality have culminated in the 
current public health recommendations for MVPA. By comparison, the evidence for 
an independent effect of sedentary behaviour on health and premature mortality is 
just emerging. Current evidence linking prolonged sitting time with significant 
compromises to cardiometabolic health indicates that, even in physically active 
adults, concurrent reductions in the amount of time spent sitting is likely to confer 
health benefits and reduce the risk of premature mortality. The evidence base linking 
prolonged sitting with a number of adverse health outcomes, including premature 
mortality, is convincing, and consistent among several countries [80]. The result of 
this expanding evidence base has been the first global joint sedentary behaviour and 
physical activity guidelines, released by the WHO in 2020 [81]. These guidelines are 
broad and non-prescriptive, with a focus on sitting less and moving more, whatever 
that may mean for the individual. These scoping guidelines are inclusive and break 
down traditional barriers to MVPA, particularly for clinical populations. While there 
are still prescriptive guidelines for physical activity, the recommendations emphasise 
the importance of limiting sedentary time and moving more. This represents a 
significant milestone for sedentary behaviour researchers. However, further research 
is required to inform advice that can be given to patients and the general population. 
This type of information would particularly aid physicians in advising patients to 
reduce their daily sitting time and avoid prolonged unbroken sitting periods. While 
the field is making good steps in the direction of more active living in many patients, 
the focus needs to remain on in a paradigm where the deleterious health



consequences of too much sitting should be seen as an addition to and not an 
alternative to the well-recognised benefits of participation in health 
enhancing MVPA. 
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Fig. 14.3 Illustration of how the most sedentary individuals in the population allocate their waking 
hours, and potential biological mechanisms linking sedentary behaviour to health outcomes. Data 
from the pie chart was populated using objective activity monitoring from accelerometer measure-
ments in a large population-based sample (NHANES). Data represent US adults who are in the top 
quartile of sedentary time (<100 counts per minute cut-point); associated levels of light-intensity 
activity (100 to 1951 cut-point); and moderate-to-vigorous intensity activity (>1952 cut-point). 
Adapted with permission from Owen et al., 2012 [13]
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Chapter 15 
An Ecological Model for Understanding 
and Influencing Sedentary Behaviour 

Nyssa Hadgraft, David Dunstan, and Neville Owen 

Abstract With the evidence that time spent sitting can have adverse health conse-
quences, a research priority is to build the requisite knowledge base for effective 
interventions—that is, what needs to be changed in order to change sitting time? To 
do so requires an understanding of the environmental and contextual determinants of 
sedentary behaviours, particularly to guide broad-reach public health approaches. 
Conceptual models that focus explicitly on environmental and contextual factors can 
assist in developing this key element of the overall sedentary behaviour epidemiol-
ogy research agenda. Sedentary behaviours can usefully be understood as inherently 
context-specific—taking place in domestic environments, during transportation, and 
in educational and workplace environments. Within this perspective, an ecological 
model that emphasises the role of ‘behaviour settings’—context-specific environ-
mental influences—has relevance. This chapter presents an approach informed by a 
behavioural epidemiology framework, drawing on evidence about sedentary behav-
iour and health, and about the contexts of time spent sitting. The aim is to provide an 
understanding of the environment- and policy-relevant determinants of sedentary 
behaviour (considered distinctly, but not separate from personal and social factors). 
To demonstrate how this approach can be helpful, we apply the five principles of an 
ecological model to sitting in the workplace. We outline how this model can provide 
an environmentally focused perspective and help to direct attention to multiple levels 
of influence on sedentary behaviour, and present an example of a workplace sitting-
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reduction intervention. We discuss some of the strengths and limitations of an 
ecological/environmental approach and suggest opportunities for future research.
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What Is New?
• Evidence of differential associations of sedentary time in different environ-

mental settings with health risk biomarkers and mental health indices.
• Identification of modest but statistically significant links of sedentary 

behaviour with neighbourhood environment attributes.
• Recent intervention trials in the workplace setting have employed environ-

mental and ecological approaches, and have targeted multiple levels of 
influence. 

15.1 Introduction 

As noted in other chapters, research into all aspects of sedentary behaviour has 
increased considerably in recent years. There is now a substantial body of sedentary 
behaviour epidemiology evidence linking high levels of sitting with increased risk of 
a number of chronic diseases, risk factors and premature mortality. Furthermore, 
evidence from experimental studies in laboratory settings has begun to confirm and 
elaborate upon the implications of this observational-study evidence (see Chap. 5 for 
further detail). These findings point to the need for intervention trials to identify the 
feasibility and benefits of changing sedentary behaviours [1–5]. 

As with research involving other health behaviours, conceptual frameworks— 
models and theories—can assist in explaining and predicting sedentary behaviour, 
and can provide strong guidance for developing interventions. With the rapidly 
strengthening evidence base on the adverse health outcomes associated with seden-
tary behaviours, greater attention now needs to be focused on understanding the 
factors that influence too much sitting—the determinants of sedentary behaviours. 
Specific knowledge of the antecedents of sedentary behaviours in the contexts in 
which they take place is crucial to the design and implementation of effective 
evidence-based interventions. The application of theories and models to the study 
of sedentary behaviour is central to developing this stage of the research agenda. 

To place the focus of this chapter in the perspective of sedentary behaviour 
epidemiology, Fig. 15.1 outlines the behavioural epidemiology framework 
[6–8]. This framework proposes six main phases of research on sedentary behaviour 
and their interrelationships. For example, understanding the important influences on 
particular sedentary behaviours (Phase IV) associated with adverse health outcomes 
(as identified within Phase I) will assist judgements about how difficult or how easy 
it may be to change them. Or conducting real-world assessments of the impact of 
manipulating such influences through intervention trials (Phase V) can provide 
strong clues for possible research directions on the determinants of behaviour.
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Evidence informing public health guidelines, policy and practice 

Designing, implementing and evaluating sedentary behaviour interventions 

Identifying determinants of domain-specific sedentary behaviours 

Understanding prevalence and duration of sedentary behaviours in specific populations 

Measurement of sedentary behaviour in defined settings 

Examining associations of total and domain-specific sedentary behaviours with 

health outcomes 

Fig. 15.1 Behavioural epidemiology perspective on understanding and influencing sedentary 
behaviours [6–8] 

A key underpinning of the framework shown in Fig. 15.1 is that all of these 
phases of research can inform and influence each other. In this chapter, we will focus 
on the relevance of ecological models for informing research in Phases IV and V of 
the behavioural epidemiology framework, where the evidence base is more limited. 

Research in Phases I through to VI, as illustrated in Fig. 15.1, may be thought of 
as a logical sequence of evidence building. However, considering the set of arrows 
on the right-hand side of the figure, this perspective on sedentary behaviour epide-
miology research should not be taken to imply that each respective phase will require 
evidence from the preceding phases as essential building blocks. As evidence 
emerges on sedentary behaviour determinants and interventions (Phases IV and V) 
for example, this may point to fruitful new research directions identifying health 
outcomes and relevant mechanisms (Phase I), or as the policy context around 
sedentary behaviours is elaborated (Phase VI), research on determinants of sedentary 
behaviour (Phase IV) may require a different focus and novel opportunities for 
intervention trials (Phase V) may arise. 

This chapter outlines a strategic perspective for research employing theories and 
models in the sedentary behaviour field. Specifically, we use particular illustrations 
of how conceptual frameworks can assist in progressing our understanding of the 
factors that can influence sitting, and can strengthen, in practical ways, the knowl-
edge base underlying interventions. This requires a conceptual perspective to 
capture the complexity of the determinants of sedentary behaviours across the key 
settings in which they occur. We propose an ecological model of sedentary behav-
iour [9] as a framework for guiding future research studies. We employ this model 
throughout this chapter and demonstrate how it can be used to progress knowledge in 
the field. 

Research in this relatively new and emerging field of sedentary behaviour 
epidemiology has been informed by theories and models used in physical activity



research [10, 11]. However, as we will discuss, there are unique characteristics of 
sedentary behaviour that suggest the need for a distinct, strategic approach to guide 
future research. 
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15.2 Strategies for Understanding Sedentary Behaviour 

Research into the determinants of sedentary behaviour can be seen as both related to 
and distinct from research on physical activity and exercise. For the purposes of this 
chapter, when we refer to ‘physical activity’ we are generally referring to activity 
performed at a moderate-to-vigorous intensity—activity that increases heart rate and 
is often performed as planned bouts, which would be inclusive of ‘exercise’. While 
we make a clear and explicit distinction between physical inactivity (too little 
exercise) and sedentary behaviour (too much sitting), we understand that these are 
two distinct attributes that nevertheless may mutually influence each other, with 
synergistic behavioural, physical and mental health impacts that can be influenced 
by the environmental context and the attributes of the sedentary behaviours involved 
[12–15]. 

15.2.1 Physical Activity and Sedentary Behaviour: Some Key 
Differences 

Interventions designed to increase physical activity or reduce sedentary behaviour 
have a common goal: to reduce the population-wide chronic disease burden associ-
ated with inactivity. Both approaches generally aim to encourage people to introduce 
more activity into their day, although the intensity of that activity is likely to differ. 
Sedentary behaviour interventions are designed primarily to support people to shift 
some of their sitting time to light-intensity activities, such as standing or walking; 
physical activity interventions have a greater focus on encouraging participants to 
accumulate more moderate-to-vigorous physical activity. 

While there are close links between physical activity and sedentary behaviour, 
there are key qualitative differences between the two behaviours that underpin the 
need for novel strategies to guide research on sedentary behaviour interventions. In 
this context, Biddle and Gorely [16, 17] provide an informative elaboration of some 
of the distinctions between the nature of the relevant behaviours and the factors 
likely to determine these behaviours, for moderate-to-vigorous physical activity and 
for two specific examples of sedentary behaviour:

• Moderate-to-vigorous physical activity: Low frequency and short duration, often 
taking place as a bout on one occasion (or fewer) each day. It requires both 
conscious planning and moderate-to-high effort to carry out and is likely to be 
influenced by factors at multiple levels including individual-level goals and 
motivation, social support and a supportive physical environment.



• Domestic sedentary behaviour (television viewing and other screen time): Occurs 
in regular prolonged bouts, typically in the evening and on weekends for working 
adults. It can be of long duration, in bouts of 2–3 h with infrequent breaks. It 
requires a low level of effort and little conscious planning. It is highly habitual 
and influenced by individual preferences, by social norms and typically by the 
physical environment—including furniture arrangements—of domestic settings.

• Occupational sedentary behaviour (workplace sitting): Takes place in regular 
prolonged bouts for office workers, typically occurring on weekdays. It is often of 
very long duration—6–7 h accumulated across a day with infrequent breaks. It 
requires minimal effort or conscious planning and is highly habitual. Key drivers 
include habit, social norms, job requirements (such as computer-based work), and 
the workplace physical environment (including office furniture and spatial design 
features). 
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As noted above, there are some key differences in the relationships of environ-
mental contexts with moderate-to-vigorous physical activities compared to seden-
tary behaviours—particularly related to the contextual factors that are likely to 
influence the frequency and duration of the two behaviours. Sitting is highly frequent 
and can occur in long bouts that may only be interrupted briefly for a short duration. 
In contrast, physical activities (specifically those of a moderate-to-vigorous nature) 
tend to occur at lower frequencies in relatively short, distinct bouts (e.g. 30 min to 
1 h). An active person may go to the gym for an hour, four times a week, but may do 
little physical activity outside of these sessions. Importantly, the influencing factors 
or drivers of these behaviours are likely to differ, including the relative importance of 
habit and individual motivation. 

Even the two examples of sedentary behaviour provided—TV viewing/screen 
time and workplace sitting—are likely to be influenced by different factors. Biddle 
and Gorely [16] suggest that this key difference in the level of conscious processing 
is likely to have implications for the application of particular theories of behaviour in 
relation to sedentary behaviour. While approaches for physical activity have typi-
cally focused on the role of conscious decision-making, individual-level theories for 
sedentary behaviour may need to have a greater focus on the importance of habit, or 
unconscious decision-making. 

As outlined above, physical activity and sedentary behaviour should not be 
treated simply as two sides of the same coin [18, 19]; inactivity (low/insufficient 
levels of moderate-to-vigorous physical activity) is not the same as being sedentary 
(high levels of sitting). It is possible, for example, to be both highly sedentary and 
highly active (consider an office worker who cycles to work and then sits at a 
computer for long, unbroken blocks of time). Recognising the distinct determinants 
of physical activity and sedentary behaviour is particularly important for understand-
ing these behaviours and appropriately intervening [8, 9, 16]. Influencing sedentary 
behaviour requires specific, targeted approaches based on the rapidly progressing 
research in this field, rather than just applying the approaches that have previously 
been found to be effective for understanding physical activity.
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15.2.2 Identifying Determinants of Sedentary Behaviour: 
A Population-Health Perspective 

The current sedentary behaviour epidemiology knowledge base provides indications 
of possible correlates (cross-sectional associations or predictors) of sedentary behav-
iour. Considerably less evidence exists on ‘determinants’ of sedentary behaviour 
[20]—a term implying a cause-and-effect relationship of one or more attributes with 
the probability or the extent of engagement, in a particular sedentary behaviour [21]. 

Of the correlates that have been identified, the most consistent evidence relates to 
individual-level factors, such as socio-demographics and health behaviour-related 
attributes [22]. Please refer to Chap. 2 for further details on the correlates of 
sedentary behaviour. Evidence for environmental correlates of sedentary behaviour 
is increasing, although this has largely been limited to exploring associations with 
the neighbourhood-built environment [20]. The relationship between interpersonal 
or social influences with sedentary behaviour is also less clear from existing quan-
titative studies. A review by O’Donoghue and her colleagues [20] found that family-
related factors, specifically household composition and the presence of children, 
appeared to be associated with sedentary time but found no evidence to support an 
association between social norms or social interactions with non-family members 
(e.g. colleagues and friends) with sedentary behaviour, although the number of 
studies reviewed was small. 

Interestingly, findings from qualitative research provide some additional evidence 
to suggest that aspects of the sociocultural and physical environmental may be 
important influences of behaviour. Interviews with office-based workers suggest, 
for example, that perceived social norms linking productivity with being at one’s 
desk create a barrier to taking more regular breaks from sitting [23], while supportive 
social environments may facilitate reduced sitting time. In addition, office furniture 
that feasibly only allows computer-based work to be performed seated is likely to be 
a key factor influencing sedentary behaviour in office-based workers [24, 25]. 

Another example of informative qualitative evidence on social attributes is the 
study by Chastin and his colleagues [26], who reported how social influences may 
play a significant role in influencing sedentary time for older adults. The older 
women interviewed for their study identified perceived societal expectations that 
older adults should sit frequently, combined with insufficient environmental features 
to accommodate brief pauses from sitting, as key factors influencing the amount of 
time they spent sitting. A further nuance is that older adults’ sitting varies signifi-
cantly across the day, likely reflecting the interactions of settings, social and physical 
health influences [27, 28]. 

While the above provides snapshots of the evidence pertaining to interpersonal 
determinants of sedentary behaviour (which are addressed in more detail in Chaps. 2, 
14, 16 and 28) it highlights the need to broaden thinking beyond individual-level 
factors and attempt to identify potentially modifiable environmental and social 
influences on sedentary behaviour. Conceptual models of the social and environ-
mental determinants of sedentary behaviour can assist with this process, but need to



incorporate such nuances and complexities, including the differences that may 
emerge across the wide range of different settings in which these behaviours take 
place [29, 30] and the interaction between different levels of influence [20, 31]. 
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Fig. 15.2 A simplified ecological model of health behaviour (Reproduced with permission from 
Springer Nature) [32] 

As we will illustrate in the following section with reference to Fig. 15.2, there are 
challenges in taking an explicit social and environmental perspective on the deter-
minants of sedentary behaviour. This reflects, in part, some of the roots of research in 
our relatively new sedentary behaviour field. Within physical activity research, 
individual-level theoretical models primarily have been employed in the design of 
interventions [6]. For example, social-cognitive approaches include strategies to try 
and increase participants’ self-efficacy for physical activity, such as using goal 
setting and feedback on performance to alter participants’ belief in their capability 
to undertake physical activity [33]. 

However, strategies that only target factors influencing behaviour at the individ-
ual level and fail to take account of the broader social and environmental context in 
which it occurs will not be sufficient to achieve changes that are of public health 
significance. In order to appropriately target such a prevalent and ubiquitous behav-
iour in a population health context, it will be necessary to incorporate an under-
standing of multiple levels of influences across different settings. 

As noted earlier, there are still a number of gaps in our understanding of the 
determinants of sedentary behaviour; the evidence for this phase of the behavioural 
epidemiology framework is comparatively less developed than the preceding phases 
[34]. As an example, while a large body of research has focused on understanding 
attributes associated with TV viewing time or overall sitting time [16, 20, 22], less 
research has explored likely determinants of occupational sitting (despite the signif-
icant contribution of this setting to many adults’ overall levels of sitting). Other



chapters in this book address the current state of knowledge relating to correlates of 
sedentary behaviour at the individual level (Chap. 16), the community level 
(Chap. 23) and related to the social and physical environment (Chap. 24). 
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We suggest that the use of an ecological model for sedentary behaviour may assist 
in addressing some of these research gaps and improving our understanding of the 
underlying determinants. Understanding the determinants of sedentary behaviours 
across different settings is particularly important as the factors that influence the 
amount of sedentary time a person engages in and related health consequences may 
depend on the specific setting in which it takes place [35]. 

15.3 An Ecological Model of Health Behaviour 

Ecologic models have been used to explore and address a number of different health 
behaviours, including physical activity, healthy eating and tobacco smoking 
[36]. These ecological approaches largely arose after recognition that methods 
focused predominately on individual-level factors failed to achieve inroads in 
promoting healthy behaviours [36, 37]. 

Ecological models aim to recognise the complexity of health behaviours, 
acknowledging that there is unlikely to be a single cause-and-effect pathway. In 
line with approaches used to address some of these other health risk factors, the 
application of an ecological model to sedentary behaviour may also assist in guiding 
future research and identifying novel intervention targets across the multiple levels 
of influence. 

A key distinction is that while individual-level models emphasise the role of 
person-level attributes (e.g. motivation, self-efficacy) that influence individual 
behavioural choices, ecologic models focus to a greater extent on individuals’ 
interactions with their physical and sociocultural environments [38]. According to 
this notion, the act of motivating or educating a person to change their behaviour is 
expected to be limited if social and environmental conditions are not also supportive 
of this behaviour. However, while supportive environments are considered neces-
sary for healthy behaviours, the idea that there are multiple levels of influence on 
behaviour means that altering the environment on its own may not be sufficient for 
behavioural change [39]. 

Ecological perspectives of health behaviour have five key principles that can be 
used to guide research and understand the precursors to behaviour [36, 39]: 

1. There are multiple levels of influence on health behaviours 
2. Environmental contexts are significant determinants of health behaviours 
3. Influences on behaviours interact across levels 
4. Ecological models should be behaviour-specific 
5. Multi-level interventions should be most effective in changing behaviours
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15.3.1 Applying an Ecological Model: Multi-level 
Approaches for Understanding the Determinants 
of Sedentary Behaviours 

It has been noted previously that the choice of approaches for addressing health 
behaviour interventions tends to be influenced by disciplinary backgrounds of 
researchers rather than what may necessarily be the best approach [40]. For example, 
psychological influences highlight the importance of individually focused solutions 
to addressing health behaviours, while a practitioner from an urban design back-
ground may emphasise the importance of environmental influences on behaviour 
[41]. A disadvantage of this approach is that it has the tendency to lead to narrow, 
silo-type approaches to analysing problems and developing solutions [40]. 

Increasingly, it is being recognised that behavioural health risk factors such as 
insufficient physical activity and excessive levels of sedentary behaviour are com-
plex problems, requiring multi-faceted solutions. To address these issues, we there-
fore require theoretical frameworks that can recognise and incorporate this 
complexity [42]. We suggest that ecological models are better suited to this task 
when compared with individually focused models and can provide the framework 
for developing appropriate interventions. 

Importantly, ecological models have much in common with best-practice health 
promotion approaches. The Ottawa Charter for Health Promotion [43] emphasises 
the importance of multi-faceted approaches, suggesting that the ideal conditions for 
encouraging healthy behaviours include supportive environments and policies, and 
ensuring that individuals are educated, but also that they have sufficient resources to 
make healthy choices. The national preventive health framework in the USA, 
Healthy People 2030, outlines the importance of addressing the social, environmen-
tal and economic determinants of health, in addition to individual-level factors 
[44]. In line with these approaches to preventive health and health promotion more 
generally, an ecological model may also be beneficial for guiding research and 
interventions into the new public health challenges posed by excessive sedentary 
behaviour, with ultimate translational relevance. 

15.3.2 Ecological Model Principles and Individual-Level 
Theories 

Ecological models do not discount that individual-level characteristics, such as 
motivation or individual preferences, may influence sedentary behaviour. Social-
cognitive theories formed the basis of many interventions that have aimed to 
encourage higher levels of physical activity in the population [36]. The direct 
application of social-cognitive theories to sedentary behaviour is still somewhat 
limited [34]. However, there is some evidence to suggest that dual-process theories 
may be helpful for understanding some of the cognitive influences on sedentary



behaviour. Dual-process theories propose that we have two processing pathways— 
one automatic and non-conscious and the other controlled and reflective. As 
discussed earlier, it is highly probable that automatic, cue-driven processing plays 
an important role in sedentary behaviour, whereas physical activity, which occurs in 
less frequent bouts, may involve more controlled processing [16]. Some studies have 
found evidence to support an association between habits and sedentary behaviour 
amongst university students [45] and older adults [46] where those with stronger 
habits reported spending more time sitting. Interestingly, the application of a form of 
controlled processing—having specific intentions to reduce sedentary behaviour— 
was associated with lower levels of sitting time in both samples [45, 46], suggesting 
a possible explanation for some of the variation in sedentary behaviour, and a 
pathway to explore within interventions. 
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However, a limitation of individual-level theories, including the dual-process 
model, is that their specificity does not account for the broader social and contextual 
attributes that can influence behaviour. While an ecological model does not discount 
the role of cognitive processes in influencing behaviour, it is considered that 
individual attributes are only one level of influence of sedentary behaviour and 
should not be considered in isolation from contextual factors that are also likely to 
be influential. From an ecological perspective, approaches centred on solely educat-
ing individuals about the health consequences of their behaviour and motivating 
them to change are not expected to be sustainable in the long term, unless combined 
with strategies targeting the broader environmental, social and policy context in 
which the behaviour occurs [36]. 

15.4 An Ecological Model of Sedentary Behaviour 

An ecological model of sedentary behaviour identifies four domains—leisure, 
household, transport, and occupation [9]. The range of potential influences and 
their relative importance is considered to differ in each of these domains [9]. This is 
based on a preceding ecological model of physical activity behaviour. Figure 15.2 
depicts a simplified version of the main levels of influence that ecological models 
identify. This perspective directs research attention to broader potential influences on 
sedentary behaviours, beyond the more usual focus on individual-level attributes that 
are addressed by psychological and social-cognitive theoretical models [34]. 

As previously stated, a key underpinning of ecological models is the emphasis on 
environmental and social factors as important influences of behaviour. While the 
empirical evidence for environmental determinants of sedentary behaviour is still 
emerging [20], the habitual, unconscious nature of many instances of sedentary 
behaviour leads to the hypothesis that particular cues in our environment act as 
triggers for sitting. When one takes the time to think about what influences sitting 
throughout the day, this makes some intuitive sense. For example, are you sitting 
down right now while reading this chapter? If so, perhaps this is because you are at a 
desk—at home, in the library, or at your workplace—which is at a fixed height



designed for use with a chair. Perhaps you are also sitting down because this is the 
behaviour demonstrated by others in your environment and social norms encourage 
you to emulate that behaviour. The social norms around what is ‘normal’ or 
‘acceptable’ behaviour are likely to be important influences of when and where we 
sit, as they are with other behaviours. An emerging body of literature has investi-
gated the application of choice architecture techniques, or ‘nudging’, to the field of 
sedentary behaviour and physical activity, whereby small changes are made to 
micro-environments (such as home settings and workplaces) to promote behavioural 
change [4, 17]. More research (including high-quality, controlled trials) is needed to 
ascertain whether such strategies could be effective for changing sedentary 
behaviour. 
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15.4.1 The ‘Behaviour Settings’ Construct Within 
an Ecological Model of Sedentary Behaviour 

The potential utility of an ecological model for sedentary behaviour also arises from 
the importance that it places on ‘behaviour settings’ [47]—the physical and social 
context in which sedentary behaviour takes place. The complexity of understanding 
and influencing sedentary behaviour stems from the reality that sitting occurs in 
numerous contexts and a blanket approach targeting ‘sedentary behaviour’ fails to 
take these nuances into account. Common examples of sedentary behaviours—such 
as watching television, driving a car and sitting at a desk at the workplace are each 
likely to have distinct determinants and require different approaches [9]. The relative 
importance of each of these settings is also likely to differ across population groups. 
For working adults in sedentary jobs, intervening in the workplace setting may have 
the biggest impact on total daily sitting time [48]. For retirees, the household setting 
is often where the largest proportion of sedentary time occurs and thus intervening in 
this setting may be most effective [49]. For adults living in outer suburban areas, 
addressing time sitting in motor vehicles may be fruitful [31]. Feasible strategies for 
reducing sitting are also likely to differ between settings. In the workplace, for 
example, activity-permissive workstations are often trialled [50], while in the 
home environment feasible strategies may include encouraging people to take 
more frequent breaks from sedentary leisure activities (such as standing up and 
moving during commercial breaks or between episodes [51]). For further details on 
sedentary behaviour interventions targeting different population subgroups and 
settings, please refer to this chapter. 

Further empirical evidence is needed to test the principles of an ecologic model of 
sedentary behaviour as outlined above. Using the ecologic model as a guide, there 
are opportunities for novel research questions about the possible determinants of 
sedentary behaviour in each of the common domains. This evidence will further our 
understanding of this highly prevalent health risk factor and provide an important 
knowledge base to inform settings-based interventions.



480 N. Hadgraft et al.

15.4.2 Environmental Influences on Sedentary Behaviour 

When thinking about environmental influences on behaviour, these can include 
perceptions and objectively measured aspects of the built environment, the natural 
environment and the sociocultural environment. There is a body of research linking 
aspects of the built environment, particularly population density and access to 
destinations, with walking [52], sedentary time [53] and cycling for transport [54]. 

A review of the evidence linking neighbourhood environmental attributes with 
sedentary behaviours by Koohsari and his colleagues [31] found somewhat mixed 
evidence. Less than 30% of instances examined were significantly associated in the 
expected direction (i.e. environmental attributes more favourable to physical activity 
being associated with lower levels of sedentary behaviour). Many of the studies 
found no evidence for the expected associations. One possible explanation that was 
suggested was a lack of correspondence between the setting (neighbourhood envi-
ronment) and the behaviours measured in the studies; the sedentary behaviour 
outcome was frequently an assessment of total sitting time accumulated across the 
day. In accordance with the ecological model, it would be expected that 
neighbourhood environment features would be most relevant to behaviour that 
occurs in that setting (i.e. the home) and would not necessarily influence behaviour 
in other settings, such as the workplace. The review recommended the need for 
improved measures of sedentary behaviour and environmental attributes (objective 
rather than self-report) and more prospective study designs. In addition, the limited 
understanding of possible interactions between environmental factors with other 
levels of influence on sedentary behaviour, such as socio-demographic characteris-
tics, was also noted. The review also highlighted the need for studies to consider a 
distinct analytic approach for understanding the determinants of sedentary behav-
iour, rather than viewing it as simply a contrasting behaviour to physical activity. 

The review by Koohsari et al. did not include studies assessing environmental 
features of internal environments such as the workplace or home environment. This 
is an important research gap as altering the indoor environment—such as through 
replacing traditional seated desks with height-adjustable desks—has become a key 
focus of many interventions to reduce sedentary time. An ecological approach may 
assist in identifying the specific, and potentially distinct (indoor and outdoor), 
environmental determinants of sedentary behaviour in key settings and thus provide 
a stronger underlying evidence base for this growing field. 

15.4.3 Application of an Ecological Model in Sedentary 
Behaviour Research: The Workplace 

To illustrate how the ecological model can assist in guiding research and under-
standing of sedentary behaviour, we will use the workplace as an example. As will 
be discussed in further detail in Sect. 15.2, of the key domains of sedentary



behaviour [18], the workplace is of particular interest, largely due to the volumes of 
time that adults spend in the workplace and the increasingly sedentary nature of jobs. 
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The Workplace as a Sedentary Behaviour Setting 

For those in office-based jobs, at least two-thirds of working hours can be spent 
sedentary [55–57]. Thus, workplace sitting on its own contributes a significant 
proportion of total daily sitting time for many adults. Reducing the amount of time 
that people spend sitting at work may therefore have broad-ranging effects on 
population levels of sedentary behaviour. Sedentary behaviour in the workplace 
may also be amenable to change, relative to sedentary behaviour occurring in other 
settings, as it occurs within a regulatory context where employers have legal 
responsibilities for the health and safety of their employees. Indeed, researchers in 
this field have called for sedentary behaviour to be considered explicitly as an 
occupational health and safety issue and treated accordingly within this 
framework [58]. 

The workplace has been used as a setting for implementing strategies targeting a 
range of health risk behaviours including physical activity, nutrition and tobacco 
control [10]. Working adults spend a significant proportion of their waking hours at 
work and can be viewed as a captive audience for these messages [59]. For 
employers, implementing health promotion programs in the workplace can make 
good business sense, with the potential for economic benefits arising from lower 
workplace injury rates, reduced absenteeism and greater staff retention [60]. 

In workplace health promotion, ecological models are consistent with best-
practice guidelines. For example, the World Health Organization’s Healthy Work-
places Model [61] identifies four areas to incorporate into strategies for improving 
workplace health: the physical workplace environment, the psychosocial work 
environment, personal health resources and enterprise community involvement. 
These four pillars emphasise the importance of considering the multi-level influ-
ences on health behaviour, in line with principles of an ecological model of health 
behaviour. In Sect. 18.2, examples will be presented of how a sedentary behaviour 
program can address the keys to a healthy workplace outlined by this model. 

The value of using an ecological model for thinking about the possible determi-
nants of behaviour is that, from the outset, we are challenged to consider how 
multiple different levels of influence may be involved. Rather than just focus on 
the most conspicuous factors or those in a particular disciplinary area, an ecological 
model can encourage a broader, multidisciplinary perspective that can take into 
account factors that may not previously have been considered. 

An ecological model also aligns with our understanding of the workplace as a 
complex social system [62]. Sedentary behaviour, like other behaviours that occur in 
this setting, is likely to be influenced by a range of factors including individuals’ 
health status and motivations, beliefs, social norms, social climate, environmental 
features, and organisational policies and procedures [62–64]. To give an example of 
how an ecological model of sedentary behaviour can be applied, we will now step



When thinking about how to address sedentary behaviour, it is important to
consider the setting in which it takes place. In contrast to the relative privacy and
freedom of the home environment, behaviour in the workplace is influenced by a

through the five principles of ecological models as they apply to the workplace. For 
illustrative purposes, we focus on office-based workplaces. 
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1. There are multiple levels of influence on health behaviours 
Thinking about how much time we spend sitting at work, we can identify a 

range of factors that influence this behaviour. Many of us rely on computers to 
perform our work, and the typical furniture setup to facilitate this work is a desk 
and chair. Thus, environmental influences are prominent. However, we can also 
consider individual-level factors. Some might enjoy sitting down and find this a 
more comfortable posture than standing. We may have health-related issues that 
are benefited by sitting. Social norms are also likely to be influential. Perceptions 
of expected behaviour in the workplace (e.g. that workers are not productive 
unless they are at their desk) or fear of not wanting to stand out by behaving 
differently (e.g. by getting up more frequently to stretch or move around the 
office) may also play a role [23, 24]. 

2. Environmental contexts are significant determinants of health behaviours 
The environmental features of the workplace are likely to be important 

contributors to the amount of time spent sitting. As mentioned above, fixed height 
desks often limit workers’ ability to stand or move throughout their workday. 
Furniture in meeting rooms and office kitchens is often designed for sitting. Other 
aspects of the physical environment, such as the location of communal equipment 
(e.g. printers, bins, kitchens, bathrooms), can encourage or limit the opportunities 
that people have to move away from their sedentary desk work. The availability 
and accessibility of staircases as an alternative to lifts is another environmental 
factor influencing activity more generally. 

3. Influences on behaviours interact across levels 
As outlined, we can identify multiple different influences of sedentary behav-

iour in the workplace. There is also evidence to suggest that these factors are 
likely to interact across levels as specified by the ecological model. Studies that 
have explored barriers and enablers to using height-adjustable desks in the 
workplace provide some indication of this phenomenon. One study found that 
workplaces that simply provided staff with height-adjustable desks with minimal 
other instruction had lower use of these desks compared to a workplace that 
supplemented the desks with education and encouragement of their use 
[65]. Similarly, interpersonal or social factors can interact with individual and 
environmental level factors to influence workplace sitting. Seeing others use their 
height-adjustable workstation can provide important social support that can 
encourage workers to stand up [66]—indicating an interaction between environ-
mental and social influences. In contrast, negative interpersonal interactions (such 
as concerns about noise projection with standing) may also influence takeup or 
use of workstations that facilitate standing [66]. 

4. Ecological models should be behaviour-specific



range of social norms, organisational policies and expectations about behavioural
conduct. For many, the degree of volition we have with our behaviour differs
markedly. For these reasons, the underlying models of behaviour underpinning
strategies for addressing sedentary behaviour should differ between these two
settings. This follows the underlying premise of ecological models——that they
should be behaviour-specific. Even within the workplace setting, there are dif-
ferent contexts in which sedentary behaviour occurs that should be considered
when planning interventions. Some examples of sedentary behaviour that occur
in a workplace include sitting at a desk in front of a computer, sitting in a meeting
and sitting in a kitchen/tearoom during a break. Each can be explained by
multiple levels of influence; however, the relative importance of each of these
levels may differ according to the behavioural context.

Strategies
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Table 15.1 A multi-level intervention designed to reduce and break up workplace sitting in office 
workers: Stand Up Victoria 

Level of 
influence 

Individual • Face-to-face and telephone health coaching, focusing on goal setting and 
providing support, behaviour change strategies, instruction/demonstration on 
workstation use 

Organisational • Senior management and staff representative consultation
• Participant brainstorming session to identify suitable strategies for that 

worksite
• Leadership support and communication through tailored management 

emails 

Environmental • Sit-stand workstation 

5. Multi-level interventions should be most effective in changing behaviours 
While early research aiming to intervene on sedentary behaviour in the 

workplace focused attention on the discernible environmental influences by 
altering the physical workstations used by workers [67], there are some more 
recent examples of intervention development that have taken a broader approach 
along the lines of an ecological model. These provide some evidence that multi-
level interventions may be more effective than those that just focus on a singular 
level. 

The Stand Up Victoria study is an example of a workplace intervention targeting 
sedentary behaviour that was developed using an ecologic model of sedentary 
behaviour as the guiding framework [68]. The intervention involved an environ-
mental component, but also targeted organisational and individual factors thought 
likely to influence sedentary behaviour (see Table 15.1). Within this ecological 
framework, social-cognitive theory was also used to guide the development of the 
intervention [68, 69]. 

The design of the study involved an initial 3-month intervention period (when the 
full multi-component intervention was applied), followed by a 9-month maintenance 
period. During the maintenance period, participants in the intervention group



retained their workstations; however, the other intervention components ceased at 
3 months [69]. 
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In recent years, an increasing number of studies have been conducted assessing 
the effectiveness of various activity-permissive workstations for reducing sitting. 
Generally, these have been shown to lead to reductions in sitting time [67, 70, 
71]. However, as discussed in other chapters, there is evidence that a multi-
component approach targeting influences at the individual, organisational and envi-
ronmental level may lead to greater reductions in sitting time when compared with 
the provision of a sit-stand workstation in isolation [50]. This would support 
the premises of the ecological model, particularly the need to identify and target 
the multiple levels of influence on behaviour. Further research is needed to assess the 
relative importance and contribution of each of these different levels of influence in 
the context of sedentary behaviour interventions. 

Stand Up Victoria has provided an example of how an ecological model can be 
used to guide sedentary behaviour intervention development, in contrast to initial 
intervention trials in the field which tended to use single-focus and/or individually 
oriented approaches [72]. It is also important to note that within the ecological 
framework used to guide the Stand Up Victoria approach, strategies designed 
using a social-cognitive theoretical approach were able to be incorporated success-
fully within a broader strategy addressing aspects of organisational, social and 
physical environments at work. The Stand Up Victoria project provided early 
evidence to demonstrate how interventions at multiple levels (Principle 5 above, 
arguably the strongest test of the utility of the ecological approach) may be carried 
out in practice. 

15.5 Limitations of Models and Theories in Applications 
to Sedentary Behaviour 

Models and theories can assist us to make sense of behaviour and the world around 
us. For behaviours that pose a risk to health, theories can help to provide a 
framework for understanding their underlying causes and guide intervention devel-
opment. Broader models can assist with identifying relationships between different 
factors and understanding the pathways through which these impact on behaviour. 
Understanding these interactions can aid in identifying the most appropriate and 
effective intervention targets within complex causative pathways. 

However, there may be inherent limitations with the use of currently available 
models and theories of behavioural and social sciences in the context of understand-
ing the determinants of sedentary behaviour. Many theories that have been used to 
describe health behaviours focus on individual-level influences, including education 
and awareness-raising, motivation and other cognitive processes. When applied with 
a focus primarily at the individual level, they often do not account for the other levels 
of influence—social, environmental or policy—which may also encompass relevant



determinants of sedentary behaviour. For these reasons, the predominant social-
cognitive models may provide a helpful but only partial account of the range of 
relevant determinants. For practitioners involved in designing an intervention, it can 
also be difficult to identify which of the multitude of theories available in the 
literature would be most useful or relevant for the health behaviour of interest. 
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Additionally, it may be unclear as to how such theories can actually be translated 
from the research environment into programs that can be scaled up and applied in 
real-world settings. The overall outcome of interventions aimed at reducing seden-
tary behaviour should be to ultimately effect change on a population level. As such, 
it is important to consider the need for theories and models to be accessible so that 
they can also be up-scaled and usefully translated to broader scale interventions, not 
just applicable in smaller scale laboratory studies. 

15.5.1 Limitations of Ecological Models 

We have emphasised the potential utility of an ecological model for understanding 
and influencing sedentary behaviour. However, although we have outlined the 
strengths of such a model, there are limitations. A key principle of ecological models 
is that there are multiple levels of influence, all of which are deemed to be important 
(albeit varyingly so, depending on the setting, the person and other factors). It has 
been suggested that when these models have been applied in practice there has at 
times been an exclusive focus on environmental influences. This parallels criticisms 
of individual-level models—that they provide a narrow, incomplete account of 
human behaviour [40]. Multidisciplinary research partnerships that involve team 
members with broad expertise in interests and backgrounds may foster research that 
is more true to a fundamental principle of ecological models: addressing multiple 
levels of influence and their interactions. 

Another limitation of the application of models identifying multiple levels of 
influence is that they can be difficult to design, evaluate and measure, due to their 
complexity. Public health programs designed with an ecological framework in mind 
may feature large-scale environmental and policy changes that occur in natural, 
uncontrolled settings. What is delivered in practice often will be out of the hands of 
researchers and like many public health interventions will not be amenable to 
evaluations using controlled experimental methods. This poses challenges for eval-
uating the effectiveness of intervening on multiple levels and unpicking which 
components of which levels of the intervention are most effective [4, 5]. 

Nevertheless, this reflects the real-world complexity of the strategies likely to be 
necessary in order to make significant progress in addressing large-scale and com-
plex public health issues. From a researcher’s perspective, the use of an ecological 
model presents challenges as multi-level studies are complex and demanding. Teams 
from a broad range of disciplines are likely to be needed to provide the expertise on 
the different levels of influence and assist with measurement and analysis of these 
components. However, this could also be viewed as a positive step. It is increasingly



recognised that the public health challenges we face are multi-faceted and will not be 
successfully addressed by applying a narrow mind-set that focuses all attention on 
individual choice. By encouraging the framing of these issues through an ecological 
model, there is the opportunity to encourage researchers and practitioners from 
different backgrounds to collaborate, share perspectives and break down research 
silos. New insights and perspectives on approaching a particular challenging prob-
lem may arise from the opportunity to share knowledge across disciplinary areas. 
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A further limitation is that ecological models do not specify the processes through 
which different variables interact to influence behaviour. Unlike individual-level 
theories of the determinants of health behaviours, which specify within a formal 
framework the interrelationships between variables and how these are thought to 
determine behaviour, an ecological model does not provide this level of specificity. 
Sallis and Owen [36] propose that this is a key issue to keep in mind when applying 
ecological models; they should be viewed as guiding frameworks, rather than as 
explanatory theories. Instead of being a formal theoretical model, a key feature of 
ecological frameworks is that they can incorporate specific individual-level, more 
formally articulated theories into a broader framework. 

Recognising some of the limitations of ecological models, there has been a broad 
collaborative project to develop a systems-based approach to understanding the 
multiple levels of determinants of sedentary behaviour and how they may interact 
[73]. This approach specifically aims to address the limitation that ecological models 
do not specify the connections between different levels of influences. Following a 
consensus process, some recommendations for priority research areas have been 
suggested. 

15.6 Research Advances and Opportunities 

There is still more to be done to further our understanding of the most effective ways 
to influence and reduce sedentary behaviour. There are some notable research 
advances in understanding key building blocks for an ecological approach to 
sedentary behaviour. Prominent in the newer body of evidence are examinations 
of environmental and related factors that can influence sedentary behaviour, and new 
analytic methods for making sense of the complexities of the relevant findings. 
These have been the topic of recent review papers [74–76]. Initial research using 
Bayesian network analysis applied to Eurobarometer data provides some insights 
into the complex interrelatedness between different levels of influence on sedentary 
behaviour [77]. This innovative approach suggests avenues for further research to 
extend the understanding of the various influences on sedentary behaviour, and how 
these differ across the life course and within specific behaviour settings. Recently 
reported findings on the outcomes of complex interventions including environmental 
elements are promising [78–80], with some optimism being expressed in recent 
reviews of qualitative and quantitative findings [81–83]. An approach showing 
promise is the application of choice architecture techniques, or ‘nudging’, to the



field of sedentary behaviour and physical activity [84]. The potential of such 
approaches for modifying sedentary behaviours will become more apparent through 
future research evidence. 
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From the ecological model and associated principles we have outlined in this 
chapter, we propose some key questions for research: 

1. What are the broader and more generalisable social, environmental and policy 
level determinants of sedentary behaviour? 

2. What specific social, environmental and policy level determinants are influential 
for the key ‘behaviour settings’—the home environment, transportation and the 
workplace/school? 

3. Are there cultural or national level variations in the relative importance of 
individual, social, environmental and policy influences on sedentary behaviour? 

4. How do environmental determinants of sedentary behaviour interact with other 
more well-studied levels of influence on health behaviours, such as personal 
characteristics and social influences? 

5. Do environmental factors have differential strengths of influence on sedentary 
behaviours in some population groups compared with others? (For example, 
across different age groups; amongst those from different socioeconomic status 
backgrounds). 

6. What is the feasibility of multi-level interventions in different settings—from 
design, implementation and evaluation perspectives? 

7. Do interventions that target multiple levels of influence result in more sustain-
able changes than those that target single, or fewer, levels of influence? 

8. What are the key sociocultural determinants of sedentary behaviour and how do 
these factors influence intervention effectiveness and sustainability? 

9. What are the essential (and non-essential) components of multi-level sedentary 
behaviour interventions in the workplace that can achieve sustainable 
behavioural change? 

10. What are the features of exemplary organisations (workplaces, schools, etc.) that 
have been successful in reducing sedentary behaviour? 

11. How best to assess the quality and comprehensiveness of studies that report 
using an ecological framework? 

15.7 Conclusions 

An ecological model of sedentary behaviour can provide strong guidance in under-
standing how the determinants of sedentary behaviours in particular settings may be 
better understood and influenced. This evidence, in turn, can influence the develop-
ment of interventions and strategies to address sedentary behaviour through a focus 
on improving health outcomes, in line with the six phases of the behavioural 
epidemiology framework (Fig. 15.1). While individual-level attributes that may be 
addressed with conceptual and methodological rigour using social-cognitive theories 
remain important, the field of sedentary behaviour epidemiology will advance in



ways more relevant to improving health outcomes if its research strategy proceeds 
using a broader multidisciplinary, ecologic perspective. Taking forward a rigorous 
and relevant research agenda within the framework of an ecological model of 
sedentary behaviour is challenging, and there are many new and potentially fruitful 
directions for research. 
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Chapter 16 
Sedentary Behaviour at the Individual 
Level: Correlates, Theories, 
and Interventions 

Stuart J. H. Biddle 

Abstract Sedentary behaviour is highly frequent in individuals, and this chapter 
concerns sedentary behaviour with a focus on the individual level of analysis. Using 
the behavioural epidemiology framework, the chapter summarises issues concerning 
individual-level knowledge and approaches. It focuses mainly on correlates, theo-
retical frameworks, and behaviour change. Correlates discussed include whether 
sedentary behaviour and physical activity are associated, and the co-existence of 
other health behaviours. Barriers to sedentary behaviour change are considered. A 
number of psychological theories and frameworks are covered that have been 
popular in wider physical activity and health behaviour research alongside alterna-
tive perspectives, including notions of behavioural economics, habit, and nudging. 
Theories are conceptualised through reflective, automatic, and dual-process 
approaches. Coverage is given to sedentary behaviour interventions, including 
recent systematic reviews for young people, adults, and in the workplace. Behaviour 
change techniques are considered, especially those that seem to be most useful for 
successful sedentary behaviour change. 

What Is New?
• There is an increasing recognition given to the complexity of sedentary 

behaviours in contemporary society, including the diversity of screen-based 
devices.

• However, ‘newer’ devices, such as smartphones, remain under-studied in 
the context of sedentary behaviour. 
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• The interdependence between sedentary and active behaviours is increas-
ingly being recognised, and this has implications for the study of health 
effects and interventions.

• Dual-process approaches, including the use of automatic processing frame-
works, are emerging as important theoretical developments in the study of 
sedentary behaviour.

• The COVID-19 pandemic has increased sedentary behaviour, creating even 
greater urgency in finding effective behaviour change interventions.

• Sedentary behaviour research has made good inroads into the workplace, 
especially with a greater recognition and acceptance of sit-to-stand desks 
for ambulatory office staff. 

16.1 Introduction 

Sedentary behaviour is ultimately undertaken by individuals. However, any analysis 
of an individual behaviour cannot be done properly without due recognition of wider 
social and environmental contexts and influences. The ecological model puts the 
individual at one of many levels, including social, environmental, and societal levels 
of behavioural influence [1]. For the purposes of this chapter, the focus will be on the 
individual. This will include individual-level:

• Correlates of sedentary behaviour
• Barriers to being less sedentary
• Theories and frameworks
• Interventions to reduce sedentary behaviour that have included individual-level 

factors 

It is recognised that it is not always easy to separate individual from social and 
environmental approaches. They can operate along a continuum of distal and 
proximal influences. One framework, however, that is helpful in understanding the 
landscape of the individual in the context of sedentary behaviour is the behavioural 
epidemiology framework [2]. This has five phases: 

1. Measuring sedentary behaviour 
2. Establishing the association between sedentary behaviour and health outcomes 
3. Understanding the correlates of sedentary behaviour 
4. Interventions to change sedentary behaviour (usually to decrease) 
5. Translating findings into policy and practice. 

For the current chapter, the main focus will be on phases III (correlates) and IV 
(interventions), with an emphasis on the individual. 

An important issue to recognise is that individuals undertake a variety of seden-
tary behaviours across many different settings. This, along with other issues, shows 
the complexity of sedentary behaviour (see Fig. 16.1). Indeed, it could be claimed



that this complexity has increased in recent years as we adopt more diverse methods 
of measuring behaviour and recognise that sedentary behaviours can take many 
different forms in diverse social and environmental contexts. We also acknowledge 
that nearly all of the research literature has been with ambulatory individuals without 
disabilities. For others, such as those who use wheelchairs, the constant reference to 
the need to reduce sitting is inappropriate and ‘ablelist’ [3, 4]. In this chapter, 
therefore, we draw on research addressing ambulatory adults and young people 
unless otherwise indicated. More research is needed on sedentary behaviour and 
physical activity for those living with disabilities [5, 6]. 
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Fig. 16.1 An illustration of the complexity of sedentary behaviour at the individual level, using the 
behavioural epidemiology framework 

16.2 Individual Correlates of Sedentary Behaviour 

Correlates refer to factors that are associated (correlated) with the behaviour of 
interest. Determinants should be referred to when there is a causal, or near causal, 
association. Most of the time, we are studying and referring to correlates. Several 
systematic reviews of the correlates of sedentary behaviour have been published 
from the mid-2000s, including those investigating young people, adults, and older 
adults [7]. The findings for children and adolescents highlight significant gaps in our 
knowledge concerning the correlates of sedentary behaviour [8]. Review authors for 
this age group note that although many potential correlates have been studied, few of 
these have been investigated frequently enough to be able to draw firm conclusions. 
It is also evident within the reviews that the correlates of sedentary behaviours other 
than screen-viewing behaviours (usually referred to as ‘screen time’ although ‘screen 
use’ may be a better term; [9]) have received little attention, and many studies 
reviewed are cross-sectional. In addition, the findings suggest that the majority of 
correlates identified are unmodifiable correlates (moderators). These include body 
weight, body mass index (BMI), ethnicity, age, and sex. More work with better 
designs is required to identify the modifiable correlates (mediators) of sedentary 
behaviour. 

In a review of likely ‘determinants’ of sedentary behaviour in young people, 
Stierlin et al. [10] excluded cross-sectional studies from their synthesis. They found 
good evidence for age being a determinant, with increasing age being associated 
with greater sedentary behaviour, including screen use. Evidence concerning sex



was inconsistent. Weight status tends to be associated with screen time but not 
overall sedentary behaviour, possibly reflecting dietary effects ([11] see later). 
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Data on correlates of sedentary behaviour in adults are quite limited and rely 
largely on self-reported estimates of only a few sedentary behaviours, such as 
television (TV) viewing. O’Donoghue et al.’s review revealed 74 studies of which 
62 focused on individual-level correlates, categorised as behavioural, physical 
(biological and genetic), psychological, and socio-economic [12]. Moreover, they 
identified correlates of sedentary behaviour across the domains of screen use, 
transport, and leisure, as well as total sedentary time from self-reported or device-
assessed measures. Many correlates were studied too infrequently to draw conclu-
sions. However, trends were evident for higher levels of sedentary behaviour to be 
associated with lower physical activity, greater consumption of high energy snacks 
(see later), greater adiposity, and worse mental health. Demographic indicators 
included older age as a correlate. However, for other individual correlates, such as 
sex and socio-economic status, associations were dependent on the nature of the 
sedentary behaviour in question. For example, leisure screen use was negatively 
associated with educational attainment, while the reverse was true for total sedentary 
time (with work time included). These findings reflect the complexity of sedentary 
behaviours and that not all types will be driven by the same influences. This 
recognition has been an important advance in recent years. 

From a review of 22 studies reporting correlates of sedentary behaviour in older 
adults, Chastin et al. [13] reviewed evidence on the individual-level correlates of 
age, sex, marital status, employment and retirement status, educational attainment, 
and health. They found significant effects for age, but these varied such that total 
sedentary time seemed to increase with age, but TV viewing and car travel decreased 
after around 65 years. Evidence was inconsistent for the two correlates of sex and 
marital status. TV viewing was less for those in employment, including those 
volunteering. Chastin et al. also found that lower levels of educational attainment 
were associated with more sedentary behaviour. Unsurprisingly, those reporting 
poorer health also had higher sedentary behaviour levels. 

One criticism of the study of correlates of sedentary behaviour is that they focus 
too much on TV viewing and computer use, to the neglect of more recent techno-
logical devices, such as mobile phones [14]. In a review of young people’s uses of 
devices, Thomas et al. [14] found that only 5% of large epidemiological studies 
reported data on mobile phone use. Moreover, Leask and colleagues [15], when 
reporting data obtained from older adults using wearable cameras, found that 84% of 
screen time was in front of a TV. That said, 62% of sedentary behaviour identified 
via camera images did not involve screens at all. For these older adults, only 6% of 
their screen use involved the use of small devices such as phones. 

In summary, many correlates identified across the lifespan, at the individual level, 
tend to show somewhat inconsistent trends—probably due to the complexity of this 
field, as stated—and reflect correlates that are not modifiable. However, they could 
be used as moderators in analyses. Additional consideration needs to be given to 
whether physical activity is a correlate of sedentary behaviour, and how time in one



behaviour affects time in another [16–18]. Moreover, further research is needed 
concerning other health behaviours coexisting with sedentary behaviours (see later). 
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16.3 How Do Sedentary and Physically Active Behaviours 
Coexist? 

Until the early 2000s, most researchers referred to ‘sedentary behaviour’ as being 
equivalent to low levels of physical activity. But in the context of the contemporary 
sedentary behaviour literature, it has become accepted that sedentary behaviour 
refers to periods of sitting/reclining/lying with low energy expenditure, during 
waking hours. It excludes nighttime sleep [19]. This means that it is best seen as 
part of a continuum of ‘movement’ behaviours across a 24-h period—that is, if a 
person is doing one (e.g. sedentary behaviour), then they cannot be doing another 
(e.g. light physical activity). However, some behaviours on the continuum will be 
more highly correlated than others over, say, a 24-h period. It is far more likely that 
time spent being sedentary, such as passive sitting, will detract from light physical 
activity than moderate-to-vigorous physical activity (MVPA). The reason for this is 
that elements of light physical activity, such as standing or light ambulation, are 
more or less the opposite of sitting. The act of standing negates the act of sitting. It is 
more complicated, however, when analysing moderate-to-vigorous physical activity. 
To what extent do high levels of sitting detract from taking part in, say, 1 h of 
moderate-to-vigorous physical activity daily? Given that there are 24 h in the day, it 
is logical to assume that any combination of sedentary and moderate-to-vigorous 
physical activity could be possible, that is, high MVPA with high sitting, high 
MVPA with low sitting, low MVPA with high sitting, and low MVPA with low 
sitting [20]. The latter might be reflected in someone who is on their feet most of the 
day but does little or no moderate-to-vigorous physical activity, or ‘exercise’. 

There have been two approaches in studying the association between sedentary 
behaviour and physical activity. First, researchers investigated whether the two 
behaviours were associated, such that high sedentary behaviour might be a correlate 
of low physical activity, or whether high levels of physical activity were associated 
with less sedentary behaviour. Given that most studies are cross-sectional, the 
direction of influence cannot be ascertained. 

Pearson et al. [21] conducted a comprehensive meta-analysis of 254 independent 
samples from 163 papers. With the exception of reading, all sedentary behaviours 
were inversely associated with physical activity, but most associations were small. 
Where a composite measure of sedentary behaviour was used, the association was 
larger and considered small to moderate in magnitude. In moderator analyses, 
stronger associations were shown for studies using device-based measures of sed-
entary behaviour and in studies judged as higher quality. These authors concluded 
that while sedentary behaviour and physical activity were associated in young 
people, the association was weak. The two behaviours appear to be somewhat



independent of each other. Similar findings were reported in a review of adults. 
Mansoubi et al. [22] reviewed 26 studies where associations were reported between 
sedentary behaviour and physical activity. TV viewing was the most commonly 
assessed sedentary behaviour and showed inverse associations with physical activity 
that were small (50%), moderate (25%), and, in one paper only, large. TV viewing 
was inversely associated in all five papers studying ‘exercise’. Total sedentary time 
was inversely associated with light physical activity and MVPA. Additional analyses 
showed that larger associations were evident for studies using device-based mea-
sures, and studies of higher quality, similar to Pearson et al. [21]. However, most 
associations across the full review revealed small-to-moderate associations only. 
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From these two reviews, sedentary behaviour and physical activity seem to be 
associated, but this association is generally small, somewhat dependent on measure-
ment and study quality, and may be a function of context or type of sedentary 
behaviour. 

A second, and more recent, approach is where studies have investigated what the 
consequences might be for replacing one behaviour with another. Such ‘composi-
tional analyses’ are predicated on the view that sedentary behaviour, alongside light, 
moderate, and vigorous physical activity, as well as sleep, is part of a 24-h 
composite—that is, they are interdependent across the full day. Most of the studies 
using this approach tend to focus on the health outcomes of replacing sedentary 
behaviour with more active behaviours [16, 18]. These studies suggest that individ-
ual behaviours, such as low energy sitting, cannot be seen in isolation of different 
intensities of physical activity. For example, Chastin et al.’s [18] analysis of the 
2005–2006 National Health and Nutrition Examination Survey accelerometer data 
showed that different combinations of time spent in sedentary behaviour and various 
intensities of physical activity were associated with similar risk for all-cause mor-
tality. They concluded that ‘producing evidence on different combinations of phys-
ical activity and sedentary behaviour associated with the same health benefits could 
open the door to more flexible recommendations to suit an individual’s circum-
stances and abilities’ (p. 635). 

In summary, while early studies showed that the association between sedentary 
and active behaviours was small, more recent approaches show the interdependence 
of the two types of behaviours across the continuum of movement behaviours during 
a finite period of time, such as 24 h. 

16.4 Sedentary Behaviour and Associations with Other 
Lifestyle Factors 

Extensive epidemiological research, as well as laboratory studies, shows that higher 
levels of sedentary behaviour can have adverse health consequences [23–25]. How-
ever, one question is whether this link is mediated by the co-existence of other health 
behaviours. For example, do those who watch a great deal of TV also have high



levels of unhealthy snack consumption? The first review summarising the associa-
tion between sedentary behaviour and diet was reported by Pearson and Biddle 
[26]. A total of 53 studies and 111 independent samples were analysed for adoles-
cents (72 samples), children (24 samples), and adults (14 samples). Studies predom-
inantly had a measure of screen time (mainly TV viewing) or total sedentary 
behaviour. A range of dietary outcomes was assessed, including fruit and vegetable 
consumption, energy-dense snacks, fast foods, and total energy intake.
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Fig. 16.2 Relationships between sedentary behaviour and dietary patterns in young people (data 
from Ref. [26]) 

Figure 16.2 shows the results for children and adolescents for five key dietary 
outcomes. This figure is drawn to show the direction of association between dietary 
variables and time in sedentary behaviours. Higher levels of sedentary behaviour are 
associated with a less healthy diet, including lower fruit and vegetable consumption, 
higher consumption of energy-dense snacks and fast foods, and a higher total energy 
intake. The strength of association between sedentary behaviour and diet across all 
age groups, including adults (not shown in Fig. 16.2), was mainly small to moderate. 
Moreover, many studies only assessed TV viewing, although this particular seden-
tary behaviour does seem to be a key context for unhealthy eating, such as snacking; 
hence, it is recommended to eat meals away from the TV set. More evidence is 
needed on whether changes to sedentary behaviour produce changes in healthy 
eating. 

One possible explanation for these associations centres on the nature of TV 
viewing. This is a behaviour that is quite passive and may encourage energy 
consumption in the form of ‘mindless eating’ or ‘grazing’. Other screen use behav-
iours, such as computer use, are slightly more ‘active’, such as the use of hand 
movements and requiring more cognitive effort, and may encourage less of these 
eating patterns. Consistent with this, a review by Ghobadi et al. [27] found that 
eating while watching TV was positively associated with being ‘overweight’ in



children and adolescents. The odds ratios for this overall effect, and additional 
sub-group analyses, are shown in Fig. 16.3. The largest associations were for 
snacking, with no effect suggested for breakfast. 

500 S. J. H. Biddle

0.8 

1 

1.2 

1.4 

1.6 

1.8 

2 

Overall Dinner Lunch Breakfast Snack 

Od
ds

 ra
tio

 

Fig. 16.3 Odds of being overweight when engaging in sedentary behaviours while eating different 
meals (data from Ref. [27]) 

Less evidence is available on the association of sedentary behaviours with other 
health behaviours. However, there is indicative evidence concerning alcohol con-
sumption and smoking. Keadle et al. [28] reported large-scale population-level data 
from the NIH-AARP Diet and Health Study. This is a prospective cohort study of 
over 220,000 Americans aged 50–71 years with 14-year follow-up. Associations 
were analysed for TV viewing and various health markers, including alcohol 
consumption. At baseline there was higher alcohol consumption for those who 
watched more TV, increasing from 11 g/day for those watching less than 1 h/day 
to 13.6 for those with 7 or more hours per day. The increase was linear, and showing 
a similar trend for smoking prevalence. However, the variability around the mean 
alcohol values was very high, leading to a very small effect size when comparing the 
lowest with highest TV viewers. 

The COVID-19 pandemic has been implicated in increased sedentary behaviour 
[29, 30], and this may be particularly associated with restrictions during ‘lockdowns’ 
and an increased prevalence of conducting work from the home environment and 
home schooling of children (see Section ‘A Health Economic Perspective on 
Sedentary Behaviour’). Deterioration in mental health has also been implicated 
during this period, including increased consumption of alcohol and recreational 
drug use [31]. At this stage, it is not possible to link these trends, but they are 
noteworthy. Other issues also require consideration, such as socio-economic status 
and its known association with some sedentary behaviours and co-occurring health



behaviours [32]. The importance of finding practical and sustainable solutions to 
these recent trends in sedentary behaviour becomes more acute (see Sect. 16.7). 
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16.5 Individual Barriers to Reducing Sedentary Behaviour 

The study of the correlates or determinants of sedentary behaviour is now quite 
extensive, but somewhat surprisingly there is a paucity of well-documented evidence 
concerning the barriers to doing less sedentary behaviour. Minges et al. [33] 
conducted a qualitative ‘metasynthesis’ of research regarding the barriers to reducing 
screen time in young people. Three main themes emerged: youth norms of use, 
family dynamics and parental roles, and resources and environment. The first 
theme—youth norms of use—suggested that screen time is a routine part of the 
lives of young people and not necessarily seen as ‘excessive’. That said, there was 
also evidence for the addictive nature of some screen time activities. Similarly, 
screen time was perceived as enjoyable and entertaining and was seen to have 
elements of developing confidence and communication. This theme, therefore, 
shows that sedentary screen viewing in young people is highly routinised and 
‘ingrained’ in their lives, suggesting it is a habit that may be difficult to change. 
Moreover, the other two themes reported by Minges et al. show that powerful social 
and environment pressures are also at play. 

A recent interview-based study by Thomas et al. [34] supported some of these 
findings. Data from interviews with nine girls and seven boys in Australia, aged 
14–16 years, revealed time spent on contemporary screens such as smartphones and 
tablets. Extensive engagement was evident in varied, and somewhat newer, forms of 
digital media (e.g. communicating online, social networking, and streaming online). 
It was also reported that less time was spent using conventional TV sets. Interviews 
suggested that the high amount of time spent on smartphones was partly related to 
the multiple functions that these devices offered. For example, one 14-year-old girl 
said that ‘I use my smartphone for everything; take photos, contact friends, watch 
YouTube videos, scroll through social media and play games.’ This suggests that 
while screen use can be seen as problematic, although not necessarily sedentary, 
devices such as smartphones provide multiple functions, some of which may have 
positive uses. Equally, the ubiquitous nature of smartphones will be a barrier to 
reducing overall sedentary screen use. 

There seems to be a paucity of systematic evidence concerning barriers to 
reducing other sedentary behaviours or in diverse contexts, such as the workplace. 
In a study of the feasibility and acceptability of changing sedentary behaviour at 
work, De Cocker and colleagues [35] said that several barriers were reported. These 
included productivity concerns, impracticality, awkwardness of standing (see [36] 
for a qualitative study on this), and the habitual nature of sitting for ambulatory 
adults [37].
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16.6 Application of Models and Theories to Sedentary 
Behaviour at the Individual Level 

Individual-level theories of health behaviours have been applied to physical activity 
but less so to sedentary behaviour. A theory has been defined as ‘a set of interrelated 
constructs (concepts), definitions, and propositions that present a systematic view of 
phenomena by specifying relations among variables, with the purpose of explaining 
and predicting the phenomena’ ([38], p. 9); it is a ‘coherent description of process’ 
([39], p. 22). Indeed, guidelines concerning the development and conduct of com-
plex behavioural interventions propose that a theoretical understanding of the likely 
process of change is needed in the early stages of planning an intervention, and will 
help in the understanding of ‘how change is brought about, including the interplay of 
mechanisms and context’ ([40], p. 3). A review of theory-based interventions 
designed to increase physical activity showed that small-to-medium size effects 
were evident for such approaches but with no one theory being superior. Interven-
tions using a single theory tended to achieve stronger effects than those using 
multiple theories [41]. 

In physical activity research, it has been common to adopt intra-individual and 
inter-personal theories that have a cognitive and reflective focus—utilising the 
so-called type 2 cognitive and reflective approach. Social and environmental theories 
are less commonly used [7, 42–45], but more automatic approaches are becoming 
better recognised. The latter adopt the ‘type 1’ approach that is less cognitive and 
more automatic, with cues to action from the environment and affect. 

It is questionable whether reflective intra-individual theories are wholly applica-
ble to sedentary behaviour, but some theories or elements may have utility [46]. Nev-
ertheless, recent trends show a greater recognition of the more automatic processing 
models alongside the conventional cognitive approaches. This ‘dual-process’ 
approach (reflective and automatic) seems highly relevant for the study of sedentary 
behaviour where an interaction of individual and environmental influences is evi-
dent, alongside greater recognition of affective processes [47–49]. 

Overviews of the key theories applied to physical activity are available elsewhere 
[7, 44]. This section summarises key approaches, and comments will be provided 
about their applicability to sedentary behaviour. 

16.6.1 Reflective Approaches 

While the Health Belief Model could be considered a key historical approach to 
health behaviour theory [50], it has been more common in physical activity research 
to use social cognitive theory (SCT; [51]), the transtheoretical model (TTM; 
[52, 53]), the theory of planned behaviour (TPB; [54]), self-determination theory 
(SDT; [55]), and the health action process approach (HAPA; [56]). Behavioural 
choice theory (BECT; [57, 58]) has also been identified as having good applicability



to sedentary behaviour as well as physical activity. Each of the approaches listed has 
a particular emphasis, such as beliefs and attitudes (TPB) or perceptions of compe-
tence (SCT), while others are based on different stages of decision-making or 
behaviour, while retaining elements of other theories (e.g., TTM, HAPA). 
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Social Cognitive Theory Bandura’s social cognitive theory (SCT) [51] suggests 
that we learn and modify our behaviours through an interaction between personal, 
behavioural, and environmental influences. We reflect on the consequences of our 
behaviours (‘outcome expectancies’) and our own capabilities (‘efficacy expectan-
cies’). Thinking about consequences in sedentary behaviour could be simply con-
sidering the benefits and costs of being less sedentary. For capabilities, we could ask 
ourselves ‘can I do this behaviour?’—this reflects one’s self-efficacy, which is a key 
element of SCT. 

Bandura [51] defines perceived self-efficacy as ‘people’s judgements of their 
capabilities to organise and execute courses of action required to attain designated 
types of performances. It is concerned not with the skills one has but with judge-
ments of what one can do with whatever skills one possesses’ (p. 391). The main 
sources of self-efficacy beliefs include prior success and performance attainment, 
imitation and modelling, and verbal and social persuasion. For example, modelling 
of non-sedentary behaviour, such as seeing others stand in a meeting, may influence 
behaviour. In a recent review of children’s screen time interventions [59], social 
cognitive theory was applied in 41% of studies. 

Theory of Planned Behaviour The TPB proposes that intention is the immediate 
antecedent of behaviour and that intention is predicted from attitude, subjective 
norms (normative beliefs), and perceptions of behavioural control. Ajzen and Fish-
bein [60] suggested that the attitude component of the model is constructed from the 
beliefs held about the specific behaviour, as well as the value perceived from the 
likely outcomes. Such beliefs can be instrumental (e.g. ‘being less sedentary helps 
me feel more alert’) and affective (e.g. ‘moving more and sitting less is satisfying’). 
It is important to recognise that attitudes have both cognitive and affective elements. 
The affective elements of attitude have usually been shown to be superior for 
behaviour change [61]. To this end, we need more work on testing how we can 
elicit positive feelings associated with less sedentary behaviour when many such 
behaviours are designed for apparent ‘pleasure’, such as comfortable chairs and 
interesting or even ‘addictive’ TV programs and series. In Australia, for example, the 
TV and movie streaming service ‘Binge’ claims that a subscription allows you to 
‘binge over 10,000 h’! 

Normative beliefs (‘subjective norm’) comprise the beliefs of significant others 
and the extent that one wishes to comply with such beliefs. Perceived behavioural 
control (PBC) is defined by Ajzen [62] as  ‘the perceived ease or difficulty of 
performing the behaviour’ (p. 132). Sedentary behaviour is seen as very easy to do 
with few obstacles, hence the challenge of achieving successful behaviour change. 

The TPB has been applied to sedentary behaviour. For example, Prapavessis and 
colleagues [63] conducting a web-based survey of over 350 adults in which they 
were asked a number of questions reflecting the main constructs of the TPB as well



as questions concerning their ‘general’ sedentary behaviour and weekday and 
weekend contexts. The authors concluded that their finding ‘indicates that cogni-
tive/rational processes play an important role in sedentary behaviour and that sitting 
is not solely a habitual behaviour engaged in by “default”’ (p. 29). However, no 
measure of habit was included. 
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Self-Determination Theory Self-determination theory (SDT) has become a popular 
approach in physical activity and health psychology [45, 64, 65], but little has been 
said about its likely use or relevance to sedentary behaviour other than computer 
gaming [66]. It is a multi-faceted theory concerning reasons for adopting a behaviour 
(intrinsic and extrinsic motivation) and the satisfying of psychological needs. An 
optimal intrinsic motivational state is derived from various intra-individual and 
social contextual influences, including an autonomy-supportive environment, the 
satisfying of the needs for competence, autonomy and social relatedness, and reasons 
for behavioural involvement that are more self-determined rather than controlling 
[67, 68]. These might all apply to a range of leisure-time sedentary behaviours, such 
as computer use. For sedentary screen behaviour, however, we need to know more 
about what functions screens and devices serve to better understand these motiva-
tional processes. 

Transtheoretical Model and HAPA The transtheoretical model is a stage-based 
approach, whereas SCT and TPB are best described as more continuous or ‘linear’ 
theories. The TTM proposes that behaviour change involves moving through a set of 
stages and is a framework that encompasses both the ‘when’ (stages) and the ‘how’ 
of behaviour change. Elements of the TTM include both ‘processes’ (strategies) of 
change and ‘moderators’ of change, such as decisional balance (weighing up the 
pros and cons of change) and self-efficacy. Research concerning the TTM in 
sedentary behaviour is lacking. 

The HAPA framework also uses stages (non-intentional, intentional, action), 
alongside continuous constructs from other theories. The model combines stages 
with self-efficacy, pros and cons, risk perception, intentions, and goal-setting, and 
has been tested in physical activity research [69] but not sedentary behaviour. 

Behavioural Choice Theory Behavioural choice theory (BECT) is based on 
behavioural economics and is a theoretical approach that attempts to understand 
how time and resources are allocated given a choice between two or more alterna-
tives [57]. Taking the example of a ubiquitous sedentary behaviour, TV viewing, 
BECT contends that choosing to watch TV is a function of (a) the accessibility of the 
behaviour, (b) the availability of alternatives, and (c) the reinforcement value 
(‘appeal’ or ‘enjoyment’) of the behaviour. For example, when physically active 
and sedentary options are equally accessible, children tend to select the sedentary 
option. According to Epstein [57], the choice of sedentary behaviours is very 
responsive to ‘cost’ and effort, and therefore making access more difficult, such as 
keeping video games machines in the box when not being used, or removing devices 
from the room, may lead to reductions in sedentary behaviour.
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Availability of alternatives refers to whether or not there are attractive and 
positively reinforcing alternative behaviours available. Although people may choose 
the sedentary option, a different decision may be made if the alternative behaviour 
(s) are highly desirable (e.g. trip to the park). Reinforcement value refers to the 
appeal of the behaviour. This could be targeted through rewards and praise for 
choosing alternative non-sedentary behaviours. 

The challenge of health behaviour interventions is often to shift the choice from 
an unhealthy but highly reinforcing behaviour (e.g. sedentary screen viewing) to 
potentially less immediately reinforcing but healthier alternatives (e.g. physical 
activity). Under the BECT perspective, it is considered possible to shift behaviour 
from sedentary screen viewing by making non-screen viewing activities more 
appealing (reinforcement value) and easy to do (accessible and available) relative 
to sedentary screen viewing. 

Epstein and colleagues have used BECT as a framework for the study of 
sedentary behaviour and physical activity in children [70]. This work has shown 
that by making alternative active behaviours more accessible, and sedentary pursuits 
less reinforcing, reductions in sedentary behaviour and increases in physical activity 
are possible [70, 71]. However, with the rapidly changing technological landscape, 
this remains a challenge. 

16.6.2 Dual-Process Approaches 

As stated, dual-process theories or approaches recognise both reflective and auto-
matic processes. This is illustrated in Fig. 16.4. The emphasis in physical activity 
research has been on reflective approaches, but this is now changing and includes 
greater use of automatic approaches for sedentary behaviour too [72] (see the next 
section). In fact, it could be argued that it makes even more sense to adopt automatic 
approaches (or at least dual-process models) for sedentary behaviour given that these 
behaviours appear to have a high degree of automaticity and environmental cueing. 
Indeed, automatic approaches have strong links to both ‘habit’ and affective 
processing. Quick, relatively automatic, actions can take place due to ingrained 
environmental cues (akin to habit), and relatively unconscious affective processing 
or ‘likes’ and ‘dislikes’. 

The affective-reflective theory (ART) of physical inactivity and exercise is a dual-
process model that is firmly grounded in exercise psychology research [49]. The 
theory has been proposed to explain behaviour in situations in which people remain 
in a state of inactivity or they initiate physical activity. These authors claim that the 
ART differs from other theories in at least three ways: it has a focus on affect and 
automaticity, it is based on the known affective reactions to exercise, and it can 
explain the ‘thoughtless maintenance’ of physical inactivity or sedentary behaviour 
(see Fig. 16.5). 

The automatic affective valuation is a result of prior experiences which may be 
mediated by cognitive appraisals (e.g. pride, embarrassment). Automatic affective



valuation is the fast inherently type 1 process mentioned earlier (see Fig. 16.4). 
Importantly, this theory suggests that the reason for why many people are physically 
inactive reflects this issue—‘the core affective valence associated with being phys-
ically inactive is more positive than the affective valance associated with exercise’ 
(Brand and Ekkekakis [49], p. 56). This ‘gut feeling’ potentially delivers a strong 
action impulse to move or not move. 
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Fig. 16.4 Dual-process approaches to sedentary behaviour 

Fig. 16.5 The affective-reflective theory of physical inactivity and exercise. From 
[49]. Reproduced under terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0)
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The automatic affective valuation can serve as the basis for a slower, controlled, 
reflective evaluation (type 2 process; see Fig. 16.4) if self-control resources are 
available. This reflective evaluation draws on propositions about exercise and 
physical inactivity derived from previous experience and recall (e.g. anticipation 
of the affective consequence of physical activity). Higher-level cognitive operations, 
such as thoughts about self-efficacy, may also contribute to this process. This is 
where traditional social-cognitive based theories could be applied (e.g. social cog-
nitive theory). 

This theory assumes that the action impulse will generally prevail when sufficient 
motivation, opportunities, or self-regulatory resources (e.g. willpower) are low 
[49]. Brand and Ekkekakis conclude by saying the ART ‘is a dual-process theory 
that emphasises the importance of automatic positive and negative associations of 
subsequent physical inactivity or exercise’ (p. 56). 

Another dual-process approach applied to active and sedentary behaviours is that 
of TEMPA—‘theory of effort minimisation in physical activity’ [47]. As the authors 
of this framework state, ‘humans have evolved to be physically active but, more 
importantly, physically efficient. TEMPA integrates the processes underlying these 
opposite forces acting on human movement-based behaviours in a single frame-
work’ ([47], p. 172). TEMPA proposes that internal and external cues, such as the 
movement itself and physiological effort needed, will lead to both reflection and 
automaticity regarding perceived effort. Decisions are made as to whether effort is 
expended or not. Consistent with more automatic approaches that might rely on 
environmental cues, TEMPA recognises that ‘promoting physical activity requires 
the development of an environment that triggers a spontaneous engagement in 
behaviours associated with higher rather than lower energy expenditure’ (p. 176). 
This means that reductions in sedentary behaviour should consider environmental 
manipulation or restructuring for substituting in more active behaviours. This can 
then reduce the cognitive effort required for behaviour change (see Sect. 16.7). 

16.6.3 Automatic Processing Approaches 

Automatic processing is associated with notions of ‘habit’ [73]. The goal of nearly 
all health behaviour change is to make the desired behaviour a ‘habit’, or we wish to 
eliminate ‘bad habits’, such as excessive sedentary behaviour. Habits involve 
behavioural patterns learned through context-dependent repetition. A mental asso-
ciation is made between the situation and behaviour. Sedentary behaviour is an 
obvious example where the behaviour is strongly driven by habit. When a particular 
context is encountered, such as arriving home after work, it is often sufficient to 
automatically cue the habitual response of, say, sitting on the sofa and turning on 
the TV. 

In novel contexts, behaviour is more likely to be regulated by conscious decisions 
through intentions (reflective processing), but in familiar contexts behaviour will be 
much more affected by habit (automatic processing). Given the high frequency of



many sedentary behaviours, such as passively sitting at a desk at work or in front of 
the TV, it is easy to see how habitual such behaviours become. Moreover, these 
behaviours might also be driven by having them appear to be attractive and acces-
sible. For example, contemporary home-based entertainment is exactly that, includ-
ing modern furniture and wide-screen, multi-channel, high definition TVs. This will 
make the behaviour of sedentary sitting more habitual and will lessen the need for 
reflective decision-making. 
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These arguments and examples are consistent with behavioural choice theory, as 
already discussed. Behavioural choices are made on the assessment of the accessi-
bility of the behaviour and the liking (reinforcement value) of the behaviour. 
Kremers et al. [74] demonstrated that sedentary behaviour in the form of screen 
viewing has a habitual component. Dutch adolescents completed questionnaires 
assessing screen viewing and ‘habit strength’ for screen viewing, and there was a 
moderately strong correlation between the two. As habits are formed through 
repetition, it is going to require time and repetition to break one habit and replace 
it with another. Lally and Gardner [75] have made some suggestions on how to do 
this, including identifying the cues for specific behaviours through self-monitoring. 
This way they can identify situations in which they perform unwanted sedentary 
behaviour. The cue can then either be avoided or strategies can be developed so that 
when the cue occurs, the behavioural response to the cue is something less sedentary. 

Based on behavioural economics, the concept of ‘nudging’ has been proposed 
[76]. Behavioural economics is closely aligned with what psychologists understand 
as behaviour analysis, with its roots in Skinnerian conditioning. Behavioural eco-
nomics ‘seeks to combine the lessons from psychology with the laws of economics’ 
([77], p. 12) and is ‘designed to understand factors that influence choice among 
alternatives’ ([78], p. 1011). 

Nudging is when behaviours are encouraged through little or no incentives rather 
than through highly directive or so-called nannying approaches, such as government 
policies and legislation. Nudging is referred to as the influence of ‘choice architec-
ture’ and affective judgements and responses (essentially ‘gut reactions’ of likes and 
dislikes). Choice architecture often involves altering small-scale social and physical 
environments to cue desired behaviours [79]. This approach might not be considered 
‘individual’ in its orientation, although it is difficult to separate environmental 
drivers from individual responses. 

A typology by Hollands et al. [79, 80] proposed that choice architecture inter-
ventions could involve altering properties or the placement of objects or stimuli, or 
both of these in combination. Altering properties, for example, might involve 
changing the physical ambience, labels (e.g. food), or size of a product. Altering 
placement might involve changing the availability or proximity of a product. 
Priming and prompting could involve changes to both properties and placement. 

In an analysis of various health behaviours using a choice architecture approach, 
Hollands et al. [79] found that over 70% of studies focused on diet, with just under 
20% on physical activity, the majority of which tried to nudge behaviour through 
changes to the ambience and design of the environment. Little has been done on



sedentary behaviour, although the use of sit-to-stand desks is an environmental 
manipulation that could be seen, in part, as a choice architecture strategy. 
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Nudging and behavioural economics informs us that affective responses are also 
important. Delayed consequences of our behaviour, such as long-term health bene-
fits, are often ‘discounted’ and seen as less important, whereas more immediate 
reinforcement can powerfully shape behaviour [81]. More automatic forms of 
motivation can be strongly influenced by simple ‘likes’ and ‘dislikes’. This is 
where behaviours follow quick and less reflective processes. For example, we may 
choose to buy a product (e.g. smartphone) based on looks and ‘feel’ as much as 
functionality. In the same way, we may choose a certain sedentary behaviour, such 
as TV viewing, based on little conscious decision-making but a simple ‘liking’ for 
this leisure-time pursuit alongside alternatives. Of course, if alternatives are highly 
attractive, TV viewing may be less likely. This is why we must seek to find ways of 
making physical activity attractive and ‘affectively pleasing’, and sedentary alterna-
tives less so. A reduced emphasis on longer term health outcomes is also 
recommended [82, 83], thus questioning the ‘exercise is medicine’ mantra. 

16.7 Individual-Level Approaches to Reduce Sedentary 
Behaviour 

Interventions designed to reduce sedentary behaviour have proliferated over the past 
decade [84–87]. Early work focused on young people’s leisure time, and primarily 
TV viewing and then screen use [88], and subsequent intervention work has 
expanded into the community [89], workplace [90, 91], schools [92], and use of 
technology [93]. Some adopt strategies that are more environmental, such as provi-
sion of a sit-to-stand desk, while others focus on individual behaviour change 
techniques, such as self-monitoring. 

16.7.1 Interventions for Young People 

One of the first randomised controlled trials (RCT) for sedentary behaviour reduc-
tion in children was reported by Robinson [94] more than two decades ago. This has 
been an influential paper with over 1500 citations (as of September 12, 2023). The 
rationale for the study was obesity reduction. Children aged 8–9 years were ran-
domly allocated by school to intervention and control conditions, with 92 and 
100 participants respectively being available for post-intervention assessments. 
The intervention comprised a mix of educational, behavioural, and environmental 
strategies. The main strategy was education, with the children being exposed to 
18 classroom lessons in standard school time. Self-monitoring was included and the 
children were challenged to take part in a 10 day period of screen time abstinence.



Although no formal process evaluation was undertaken, 90% of the children avail-
able at baseline participated in some days of screen time abstinence, with 67% 
completing all 10 days. In addition, the intervention group children were provided 
with a TV monitoring device, although data suggested that its use was mixed.
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Fig. 16.6 Shorter and longer intervention effects on sedentary behaviour in young people (data 
from Ref. [85]) 

This RCT showed a clear reduction in TV hours per week for the intervention 
group, although the effect size just for this group was moderate due to large 
variability in the data. Raw BMI data showed that both intervention and control 
groups increased their BMI over the time course of the trial, which is not an 
unexpected trend for this age group. However, an effect in favour of the intervention 
group was shown through differences in BMI change between the two groups after 
adjustment for baseline and confounders. Overall, however, while the trial showed 
changes in sedentary behaviour, the intervention itself is very extensive, with many 
weeks of education and participation in total avoidance of screen time. Therefore, it 
is questionable how feasible this is to roll out. Nevertheless, this was an important 
initial trial in the field and appeared to have influenced further interventions designed 
to reduce screen time in young people. 

The majority of interventions for young people have been with children rather 
than adolescents, and with a focus on TV viewing and screen time. There is very 
little on ‘newer’ devices such as smartphones. A review of reviews has shown that 
intervention effects are modest across a range of interventions [88]. A recent 
systematic review by Blackburn et al. [85] included both children (84 interventions) 
and adults (77 interventions). For children’s interventions that compared interven-
tion groups to inactive controls, sedentary behaviour was reduced by 27 min/day 
overall when assessed within 6 months, but only 14 min/day after 6 months follow-
up. These effects were broadly similar for interventions that were ‘behavioural’ in 
focus at <6 months (e.g. reminders, prompts, planning, and reinforcement), but 
greater than longer term follow-ups, as shown in Fig. 16.6. This suggests that



behavioural interventions require additional strategies, or more follow-ups, for 
behavioural maintenance. 
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A comprehensive meta-analysis of 186 studies on screen time interventions in 
young people reported a small overall intervention effect [59]. Similar effects were 
seen across intervention clusters grouped by behaviour change techniques (BCTs)— 
social comparison, knowledge and consequences, behavioural repetition/practice, 
and goals, feedback, and planning. The most frequently reported individual BCTs 
were social support, information on the behaviour–health link, and instruction. All 
showed similar effects. It is not yet known whether such small effects are meaningful 
in a practical or clinical sense. 

16.7.2 Interventions for Adults 

There has been a considerable increase in interest concerning interventions for 
reducing sedentary behaviour adults. Much of this has centred on the context of 
the workplace, including changes to the office environment, such as provision of sit-
to-stand desks. Interventions have also used a number of individual approaches. The 
increase in research on sedentary behaviour interventions for adults has led to a 
concomitant increase in relevant systematic reviews. 

Martin et al. [84] conducted a review of 51 sedentary behaviour interventions, 
including 36 suitable for meta-analysis. Conclusions drawn were (a) sedentary 
behaviour in intervention groups was reduced by 22 min/day; (b) interventions 
focusing on sedentary behaviour only showed the greatest reduction in sedentary 
time of around 42 min/day, although there were few studies and quality was low; 
(c) intervention durations up to 3 months and interventions targeting men and mixed 
genders showed significant reductions in sedentary behaviour; and (d) intervention 
effects were evident up to 12 months. 

The large review reported earlier by Blackburn et al. [85] also included data on 
adults. Behavioural and environmental interventions showed good effectiveness 
over 6 months, compared to inactive controls, with about a 1 h reduction for 
intervention groups. Blackburn et al. suggested that ‘interventions based on envi-
ronmental restructuring, persuasion or education were most effective’ (p. 12). For 
older adults, it has been reported that ‘individual behaviour change interventions 
show promise for reducing sedentary time in the short term’ [95]. 

A popular setting for conducting sedentary behaviour reduction trials is the 
workplace. An early approach was to employ prompting software on desk computers 
with ‘pop-up’ advice windows timed to appear at regular intervals reminding users 
to either sit less or move more, or both. But the most popular approach has been the 
use of sit-to-stand workstations, or ‘standing desks’. A Cochrane review by Shrestha 
et al. [90] synthesised evidence for 37 workplace interventions designed to reduce 
sedentary behaviour. The most successful type of intervention was the sit-to-stand 
workstation which showed a reduction in sitting of about 100 min/workday over 
three months.
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Neuhaus et al. [96] reviewed evidence for the use of ‘activity-permissive’ work-
stations. These included treadmill desks, cycle ergometers, and pedal devices fitted 
underneath a desk. All can be used while typical desk-based tasks are undertaken. 
Sit-to-stand workstations were also investigated. An overall reduction in sedentary 
time of about 77 min/day was reported. Whether substituting physical activity in 
place of sedentary time has sufficient acceptability and feasibility is yet to be tested. 
Replacing sitting with standing may be more acceptable to ambulatory office 
workers, but further work is required on this to achieve a balanced combination of 
sitting, standing, and moving at work [97]. 

The ‘Stand More at Work’ (‘SMArT Work’) study was a cluster RCT using a 
multicomponent intervention designed to reduce workplace sitting [98, 99]. Desk-
based workers were recruited. At baseline, participants sat for 73% (6 h) of their 
working day. The intervention group (n = 77) were offered intervention approaches 
and multicomponent strategies derived from developmental work using the behav-
iour change wheel (see [100]). In addition to organisational strategies 
(e.g. management support through newsletter and encouragement) and environmen-
tal strategies (e.g. sit-to-stand desk), individual and group strategies were 
implemented. These included a 30-min educational workshop, feedback from par-
ticipant’s baseline data using the activPAL accelerometer device (data on sitting, 
standing, and stepping), an action plan and goal-setting booklet, self-monitoring/ 
prompting using an office chair ‘Darma cushion’ synced through Bluetooth to the 
participant’s mobile device, and brief coaching sessions throughout. 

The intervention group reduced their occupational sitting time at 12 months by 
72 min/day while controls showed a slight increase in work time sitting. Some 
measures associated with job performance, musculoskeletal conditions, and mental 
health showed small positive changes. Process evaluation data suggested that behav-
iour change was facilitated by the sit-to-stand desk, the educational workshop, 
behavioural feedback, and regular contact with research staff [101]. 

16.8 Use of Behaviour Change Techniques 

BCTs are important ‘active ingredients’ that individuals may use to reduce their 
sedentary or other health behaviours. A review has synthesised data on the use of 
BCTs in 26 sedentary behaviour interventions in adults [102]. Interventions were 
also rated as being ‘very promising’ (39%), ‘quite promising’ (21%), or ‘non-
promising’ (39%), depending on the outcomes of the intervention. 

Results showed that several individually focused techniques might be effective, 
including problem-solving, self-monitoring, feedback, and information on health 
consequences. These elements can act as part of a feedback loop whereby people 
monitor their sedentary time and receive feedback as part of their engagement in 
problem-solving. Given the earlier discussion, it is noteworthy how ‘reflective’ these 
BCTs are.
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16.9 Translation of Individual-Level Approaches 

Individual-level interventions are important as they represent the proximal interface 
between an intervention strategy and the individual attempting behaviour change. 
However, such changes will only occur in the context of social and physical 
environments, and the success of interventions will be affected by all levels. For 
example, the success of a technology-based individual intervention, such as through 
self-monitoring, will be less successful if individuals are trying to reduce their 
sedentary behaviour in the face of a non-supportive social climate or physical 
environment. Fortunately, sedentary behaviour is an inherently practical issue—it 
involves a high-frequency behaviour that is embedded in social and cultural norms. 
This makes it open to many possible issues of ‘translation’ from research labs into 
ecologically valid settings. The barriers discussed in this chapter suggest that there 
are challenges in achieving widespread behaviour change, but equally there is a 
groundswell of interest and change that continues to make inroads into individual, 
social, and environmental changes, thus allowing for some success, including at the 
individual level. The adoption of sedentary behaviour reduction strategies in work 
and school environments is testament to this momentum. However, most of these 
strategies only manage to achieve a transition from sitting to standing; increases in 
light ambulation or MVPA remain more difficult to achieve [99]. Changes to 
physical activity without disrupting work or learning time continue to be a challenge. 

16.10 Summary 

Sedentary behaviour research has gained huge momentum over the past two decades 
[103]. We have good data on many aspects of the topic relevant to this chapter, 
including measures, documentation of health outcomes, correlates, interventions, 
and translation. Of course, more can be done, and the main challenge appears to be 
how we secure initial and ongoing individual behaviour change in the face of social, 
cultural, and physical environments that encourages long periods of passive sitting 
and lack of movement. 
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Chapter 17 
Specific Interventions Targeting Sedentary 
Behaviour in Children and Adolescents 

Jo Salmon, Harriet Koorts, Lauren Arundell, and Anna Timperio 

Abstract It has been over two decades since the first interventions to reduce 
children’s sedentary behaviour were published. However, child and adolescent 
engagement in sedentary behaviour remains high. Interventions to reduce children’s 
and adolescents’ screen time have been most common, but with rapid advances in 
technology these initiatives fall out of date quickly. Effectiveness of reducing sitting 
in the school setting via active breaks, an active curriculum, and environmental 
changes in the classroom (e.g. sit-stand desks) is mixed. Strategies to reduce or break 
up sitting in home and transport settings have been infrequently studied, and ways of 
ensuring sustainable implementation are unclear. Given the pervasiveness of sitting 
and reclining while at home during waking hours (for homework, hobbies, enter-
tainment, and other purposes) and passive forms of transport such as car travel 
among children and youth, there is much scope to reduce sitting in these settings. 
Very few efficacious interventions have been translated into policy or practice. If 
these interventions are to have a sustained impact on child and adolescent 
populations, greater consideration of factors facilitating and/or hindering their incor-
poration into policy and practice is necessary. To successfully implement sedentary 
behaviour programs and help children and adolescents meet sedentary behaviour 
public health recommendations, replication of successful interventions at scale is 
required. Ideally, cost-effective efficacious strategies need to achieve system level 
changes and target not just the individual but sociocultural norms and physical, 
organisational, and policy environments to effect lasting and wholesale changes in 
sedentary behaviour at a population level. 

J. Salmon (✉) · H. Koorts · L. Arundell · A. Timperio 
Institute for Physical Activity and Nutrition, Deakin University, Geelong, VIC, Australia 
e-mail: jo.salmon@deakin.edu.au; h.koorts@deakin.edu.au; lauren.arundell@deakin.edu.au; 
anna.timperio@deakin.edu.au 

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
M. F. Leitzmann et al. (eds.), Sedentary Behaviour Epidemiology, Springer Series on 
Epidemiology and Public Health, https://doi.org/10.1007/978-3-031-41881-5_17

521

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-41881-5_17&domain=pdf
mailto:jo.salmon@deakin.edu.au
mailto:h.koorts@deakin.edu.au
mailto:lauren.arundell@deakin.edu.au
mailto:anna.timperio@deakin.edu.au
https://doi.org/10.1007/978-3-031-41881-5_17#DOI


522 J. Salmon et al.

What Is New?
• The variety of technology in most aspects of daily life means that not all 

screen use poses the same risk; digital platforms have the potential to be 
used to reduce sedentary behaviour and promote physical activity.

• While sedentary transport interventions remain limited, effective strategies 
include mapping travel plans or routes to school, adopting active travel 
school policies, working to address safety concerns of schools and parents, 
and educational approaches.

• School-based interventions to reduce children’s sitting time have targeted 
changes in pedagogy and in the environment within and outside the class-
room; however, few studies have considered key elements for successful 
implementation at scale.

• Theoretical models and frameworks for guiding effective implementation 
are underutilised in scale-up studies of sedentary behaviour interventions.

• Future research on the implementation of interventions at scale, including 
identification of strategies and mechanisms that influence outcomes, will 
greatly advance our knowledge of this area. 

17.1 Introduction 

Objective measures show that children and adolescents are sedentary (sit or recline 
while expending less than 1.5 metabolic equivalents of task) for more than 60% of 
their waking hours [1, 2]. Please refer to Sect. 2.2 for more information on the 
prevalence of sedentary behaviour in children and adolescents. While rest is phys-
iologically important for recovery after exertion, excessive periods of sitting 
throughout the day can be harmful to health. The health effects of total volumes of 
sitting are still emerging for child and adolescent populations [3]; however, there is 
more consistent evidence of adverse effects from engaging in excessive amounts of 
particular sedentary behaviours (e.g. different types of screen time) [4, 5]. This 
evidence has been recognised by many government agencies who have subsequently 
released public health guidelines to limit and break up long periods of sitting and 
limit the amount of time children and adolescents spend in electronic media (screen 
time) for non-educational purposes to 2 h per day (or 1 h per day for preschool-aged 
children) [4, 6–9]. 

A major challenge for government in implementing these guidelines is the 
pervasiveness of sedentary behaviour in the everyday lives of youth in developed 
nations around the world. The 2011–2012 Australian Health Survey reported that 
only one in four 2–4-year-olds and fewer than one in three (28.7%) 5–17-year-olds 
met the screen-time recommendations [10]. In North America, self-reported media 
use doubled from the early 1960s (37 h/week) to 2009 (75 h/week) [11]. Clearly, 
there is a need for effective interventions in child and adolescent populations.
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The slow integration of evidence-based interventions into health practice sub-
stantially limits our ability to make public health recommendations on effective 
ways to reduce child and adolescent sedentary behaviours. Implementing and 
sustaining effective behavioural interventions in real-world settings is a lengthy 
and complex process involving multiple phases of program diffusion: dissemination 
(e.g. how well information on the program is spread); adoption (e.g. whether the 
setting choses to uptake the program); implementation (e.g. how well the program is 
delivered during trials); and sustainability (e.g. whether the program can be 
maintained over time) [12]. If sedentary behaviour interventions are to have a 
sustained impact on child and adolescent populations, greater consideration of 
factors facilitating and/or hindering their delivery in practice is necessary. To 
successfully inform public health recommendations on ways to reduce child and 
adolescent sedentary behaviour, replication of successful intervention effects in real-
world settings, and at scale, is required [13]. 

17.2 Pathway of Steps for Sedentary Behaviour 
Interventions 

There is a need in the physical activity field for policy-relevant research and pro-
grams that align with organisational policies and targets and the political will of the 
government [14]. If research placed greater focus on intervention effectiveness, 
reach and adoption, resource/cost demands, contextual factors, and implementation 
requirements, the useability of research for policymakers would likely increase and 
the uptake of interventions in practice would improve (i.e. political will) [15]. Ideally, 
for maximum impact and effectiveness at the population level, sedentary behaviour 
interventions must align with relevant systems (e.g. health, education, local govern-
ment) and have scope to be scalable, sustainable, cost-effective, and policy-relevant 
[16]. Scalability can be defined as being able to implement an efficacious program 
under real-world conditions with a representative percentage of the population and 
retain effectiveness [15]. In addition, programs should focus on key settings or 
contexts in which children and adolescents spend considerable amounts of their 
time sitting, for example, in the home, at school, in transportation, and the 
community. 

While the physical activity intervention field to date has been substantially guided 
by intrapersonal theories of behaviour change that have underlying assumptions of 
rational choice, planning, and decision-making [17], these theories are often not 
useful for understanding and influencing child and adolescent sedentary behaviours. 
One reason for this is that sedentary behaviours tend to occur habitually and 
automatically, without conscious thought. Habitual sitting behaviours are likely to 
be established from a young age. Cues or environments that trigger automatic sitting 
behaviours are pervasive (e.g. chairs and seated height tables), and children are often 
guided by the expectations of parents/carers, teachers, and other adults who are



responsible for their care, for example, the expectation of a teacher for children to sit 
in class, encouragement by a busy parent for their child to sit in front of the 
television, and parents chauffeuring their children to and from school by car rather 
than taking more active options. Strategies that support children to break sitting 
habits, and normalise standing and moving in settings traditionally associated with 
sitting behaviours, are needed. 
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Setting/system 
(where to intervene and 

how does the system 
function?) 

Agents of change 
(who to target and 

how?) 

Interventions 
(what to target and how?) 
Individual, sociocultural, 

organisational, physical and 
local policy environment 

Process of change 
(how to disseminate, implement 

and embed in practice?) 
Program flexibility, adapt 

program to suit local context 

Reduce children’s 
sedentary behavior 

Scalability and sustainability considerations: 

Policy relevance (e.g.: policy will & imperative, political alignment) 

Scalability (e.g.: can be delivered and effectiveness sustained on a large scale) 

Reach (e.g.: extends to majority of target population) 

Implementation at scale (e.g., who is responsible for large-scale implementation, 
resources, costs and ongoing evaluation) 

Sustainability (e.g.: program is integrated into delivery setting/system& has long-term 
implementation & impact) 

Cost effectiveness (e.g.: provides favorable return on investment) 

Fig. 17.1 Pathway of steps for development of potentially scalable and policy-relevant interven-
tions to reduce children’s and adolescents’ sedentary behaviors 

Figure 17.1 depicts a simple pathway of steps for guiding sedentary behaviour 
interventions that acknowledges the importance of program relevance in terms of 
political will (i.e. policy relevance of the intervention) and from the outset the 
potential for implementation at the population level. In order to achieve reductions 
in population prevalence of children’s sedentary behaviour, it is necessary to 
develop interventions that remain effective when implemented at scale, retain 
accessibility (i.e. high reach), remain equitable and do not increase disparities



among population groups at risk, achieve a long-term sustained impact, and are cost-
effective (i.e. the “investment” provides a good return). 
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Suitable settings and/or systems in which to intervene need to be identified; that 
is, where do children spend much of their time sitting and what system needs to be 
engaged? An obvious example is the school setting within the education system. 
This informs which agents of change to engage (e.g. school principals, teachers, 
parents) and the context of the change (ideally a program will be flexible to suit 
different populations and situations). Interventions should consider individual 
(e.g. habit), sociocultural (e.g. norms, parental/carer and teacher influences), 
organisational (e.g. organisational readiness to change), physical environmental 
(e.g. no alternative to sitting in class), and policy aspects. 

The process of change is related to program flexibility and improved implemen-
tation, ensuring initiatives are more likely to fit the users’ and organisation’s existing 
needs and practices [12]. Providing information on how to adapt an intervention for 
improved contextual fit is a critical aspect of a dissemination strategy [18]. For 
instance, children’s sitting habits could be modified through changes to pedagogical 
approaches to curriculum delivery in school (e.g. active lessons) which teachers can 
align with the recommended curriculum for their state or region. Embedding active 
pedagogy in everyday teaching practice would require sociocultural changes that 
make it acceptable and “normal” for children to stand and move during class lessons. 
Physical and local (school) policy environment interventions would support and 
facilitate such changes. 

There are many ways to change an individual’s health behaviour. Ideally, for 
impact at a population level, strategies need to be implemented as part of existing 
systems to change not just the individual but sociocultural norms and existing ways 
of doing things at an organisational level. The following sections provide an 
overview of strategies to reduce children’s sedentary behaviour and consider 
whether these approaches have considered potential scalability and policy relevance. 

17.3 Interventions to Reduce Children’s Sedentary 
Behaviour 

It has been more than two decades since the first interventions to reduce children’s 
and adolescents’ sedentary behaviour, targeting television viewing time, were 
published [19, 20]. There have been numerous systematic and narrative reviews 
synthesising evidence of the effectiveness of interventions to reduce children’s 
sedentary behaviour [21], many with a focus on health outcomes such as overweight 
and obesity [22–24]. The majority of these reviews have reported on evidence of the 
effectiveness of strategies to reduce children’s screen time. More recent reviews and 
commentaries have synthesised the growing literature on reducing children’s daily 
sitting, particularly during school hours. The specific features and focus of



interventions to reduce children’s sedentary behaviour are summarised in the fol-
lowing sections. 
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17.3.1 Screen Time and the Home Environment 

The number of interventions targeting screen time among children and youth 
(≤18 years) has grown substantially. To bring together this growing body of 
evidence, one umbrella review synthesised evidence from 10 reviews (consisting 
of 194 studies) [25] and another umbrella review brought together evidence from 
29 reviews (consisting of 394 studies) [26] which focused on interventions to reduce 
sedentary behaviour or screen time. Small but significant intervention effects on 
screen time have been shown [25, 26]. Interventions were typically delivered via the 
home or school setting and those that include family involvement and screen 
monitoring or control devices showed effectiveness. Jones and colleagues reviewed 
204 interventions targeting young people’s (0–18 years) screen time to identify 
effective behaviour change techniques [27]. The inclusion of goals, feedback, and 
planning were positively associated with intervention effectiveness. 

Two reviews of screen time interventions targeting young children (0–5 years) 
found that effective interventions used promising behaviour change techniques [28] 
and interventions were most effective when delivered in the home, pre-school, or 
community settings [29]. As with older children, effective intervention strategies for 
young children typically included family involvement, often consisting of parental 
education component such as resources and information on health behaviours 
delivered as written materials, via phone calls or face-to-face [29]. Promising behav-
iour change techniques included self-efficacy, role modelling, and developmental 
outcomes and included “behaviour substitution”, “demonstration of the behaviour” 
as well as information on the social and environmental consequences, goal setting, 
action planning, behaviour feedback, and self-monitoring [28]. 

The home and family environment has an important influence on children’s 
screen time [30]. Changes to the home environment, such as the introduction of 
electronic monitoring devices, contingent feedback systems (e.g. access to television 
dependent on the child’s stepcount), and facilitating parent involvement and support 
through educational materials (e.g. newsletters and information sessions), are strat-
egies that have been shown to effectively reduce children’s screen time [31]. How-
ever, the challenges in engaging families and the costs associated with supplying 
monitoring devices may limit wider scale-up. The changing use of technology and 
its infusion into most aspects of life also require important consideration that not all 
screen use poses the same risk. For example, using digital platforms to support 
adolescents’ physical activity is associated with greater likelihood of them meeting 
physical activity recommendations [32], and educational screen time is associated 
with better educational outcomes [33]. There is emerging evidence that a composite 
measure of “screen time” should not be used [34] and instead specific screen 
behaviours should be targeted and examined.
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Digital technologies or mobile health (mHealth) strategies have emerged as a 
wide-reaching method for screen time intervention delivery. Ludwig et al. [35] 
reviewed the effectiveness of text message interventions for improvement in ado-
lescents’ (10–19 years) physical activity and sedentary behaviour. Of the four 
interventions targeting screen time, all resulted in a decrease in screen behaviours 
[35] with one study among adolescent girls finding an increase on weekdays but a 
decrease on weekends [36]. The interventions had an additional school or online 
component and sent text messages up to three times per week. Digital applications 
(apps) offer another method of intervention delivery that has been used among adults 
and are beginning to be used among children and adolescents. A systematic review 
of interventions that used apps to improve health behaviours (diet, physical activity, 
and sedentary behaviour) [37] identified only one intervention that used an app to 
improve children’s screen time among racial and ethnic minority girls, which did not 
result in significant changes in screen time [38]. The development of purpose-
designed apps may overcome the limitations of commercial apps targeting health 
behaviours in children and adolescents as they rarely focus on screen time 
[39]. While most popular commercial apps contain behaviour change techniques 
(e.g. educational materials, rewards/awards, and gamification), they lack theoretical 
basis, are rarely aligned with sedentary behaviour guidelines, and score poorly for 
information quality and engagement [39]. 

Effective, scalable, and theoretically based screen time intervention strategies are 
required. Further, they need to target specific screen behaviours and keep pace with 
the evolution of the technology environment and the varying reasons children and 
adolescents engage in screen time. 

17.3.2 Sedentary Transport 

There have been well-documented increases in the proportion of children driven to 
school by car and declines in active travel (walking and cycling) to school over the 
past few decades [40–42]. A number of systematic reviews of interventions for 
promoting active transport to school have been published since 2010 [43–47], 
incorporating evidence from more than 45 studies between them. Most of the studies 
used quasi-experimental designs and were described as having a weak quality rating. 
The most common strategies incorporated into interventions targeting active school 
travel relate to preparation (strategy development), promotion (education and 
encouragement), and organised activities. Strategies involving policy and physical 
changes to the environment were less common [43, 47]. Overall, most studies 
reported small effects on active transport (walking and/or cycling) to school, with 
those incorporating changes to the physical environment holding additional promise. 
However, few intervention studies have reported on changes to sedentary transport. 

Several interventions that reported on changes to sedentary transport included 
school-based activities such as mapping travel plans or routes to school, adopting 
active travel school policies, working to address safety concerns of schools and



parents, and educational strategies (with teachers, children, and parents). A pilot 
study with primary school children at one school in Sydney, Australia, by Zaccari 
et al. [48] also used a travel diary, engaged local media, and held a school assembly 
to coincide with a statewide walk to school initiative, and the local council 
conducted a safety audit of all key travel routes to school and identified potential 
road safety improvements. A small reduction in car trips to schools and a 
corresponding increase in walking to school were reported; however, there was no 
comparison group. 
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Wen and colleagues [49] also sought to improve the local neighbourhood by 
working with local councils in addition to school-based activities in 12 schools. A 
42% decrease in the number of children travelling to school by car in the intervention 
group was reported compared to a 32% decrease among those attending control 
schools, but the difference was not statistically different. In Canada, an evaluation of 
Safe Routes to Schools in 12 schools (with physical improvements for road safety 
and enforcement of speed and parking policies at some schools) reported that in 13% 
of parents surveyed the intervention “resulted in less driving” [50]. That study did 
not include a comparison group. A one-year intervention conducted in China that 
targeted multiple health behaviours via curriculum, school environment support, and 
family involvement in health classes and fun events showed that those who travelled 
to school by sedentary transport at baseline were more likely to shift to walking and 
cycling following the intervention compared to similar participants in the control 
group [51]. 

An intervention involving curriculum delivery at school and interactive travel 
planning resources for use at home resulted in a mean decreased distance travelled to 
school by car in the intervention school compared to a control school in Scotland 
[52]. In Spain, a two-term intervention involving activities delivered in the class-
room (e.g. awareness) and the neighbourhood surrounding school (e.g. urban fea-
tures, road safety, pedestrian/driver behaviour) resulted in no differences in change 
in sedentary transport (car, motorbike, or bus) at a 6-month follow-up, compared to 
the control group, despite an increase in frequency of walking [53]. However, 
immediately post-intervention, travel by car and bus were stable among the inter-
vention group and had increased among the control group [54]. Walking school bus 
[55] and single-day promotional events [56] did not result in changes in car travel. 

These few studies are limited to primary school settings and report diverse 
intervention strategies. Results are mixed. Further research on the effectiveness of 
strategies to reduce sedentary transport is clearly needed, along with more in-depth 
consideration of changes in travel, particularly among adolescents. 

17.3.3 Sitting at School 

As noted in the introduction, young people spend prolonged periods sitting through-
out the day. A study with Australian adolescents used an accelerometer worn on the 
thigh and found that 68% of waking hours (70% of the school day, 75% of class



time, and 65% of outside school time) were spent sitting [2]. Innovative, effective, 
and scalable strategies in the school and home settings are needed to reduce young 
people’s sedentary behaviour. A systematic review of 84 child sedentary behaviour 
studies (62 RCTs) found 62% of interventions were conducted in school settings 
with most reporting effectiveness in the short term (<6-months follow-up) [57]. An 
umbrella review of 29 previous reviews of sedentary behaviour interventions in 
adolescents also found that most reviews reported effective strategies for reducing 
sedentary behaviour and the most common intervention setting was schools, which 
included education and environmental approaches (e.g. height adjustable desks in 
class) [26]. 
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Studies have used a variety of furniture in the classroom that provide the 
opportunity for children to stand during class lessons including stand-biased, 
sit-stand, or height-adjustable desks [58, 59]. Some desks are at a fixed height 
with a tall stool for children to sit on, while others raise and lower to a normal 
seated height. Some studies fitted out whole classrooms with the desks, while others 
placed a single row of desks at the back of the classroom. Many of the interventions 
were treated as “natural experiments” with little or no direction from researchers to 
the teachers and students about frequency of standing versus sitting. In their review, 
Minges et al. [58] identified eight studies most of which reported small-to-moderate 
effect sizes on reducing children’s sitting time (0.27–0.49), some for up to an hour 
less a day, and stronger effects on increasing children’s time spent standing 
(0.38–0.71). 

There have also been pedagogical approaches to reducing sitting in class through 
active curriculum [60, 61]. While studies have reported beneficial effects from 
training teachers to deliver standing and active lessons and regular “active” breaks 
to children during what would normally be time spent sitting in class [62], evidence 
regarding how effective these strategies are in reducing and breaking up children’s 
sitting in class and throughout the day is still equivocal [60, 61]. Nevertheless, a 
recent review concluded that alongside active travel and after-school clubs, active 
classrooms were among the most promising strategies for promoting children’s 
physical activity and reducing sedentary behaviour [63]. 

In summary, few interventions have examined the longer-term effectiveness of 
interventions to reduce sedentary behaviour in children and adolescents. The quality 
of studies has been reported in most reviews to be moderate or low. In contrast to the 
pathway illustrated in Fig. 17.1, few studies have considered all elements important 
for successful implementation and even fewer have examined or tested suitability of 
implementation of these strategies “at scale” [64]. 

17.4 Intervention Implementation and Scalability 

Taking a successful intervention from a controlled research condition and testing it 
within a real-world environment is the crucial step for scalability [15]. Intervention 
efficacy under controlled research conditions provides an indication of impact.



Intervention impact alone does not predict effective implementation in practice or 
replicability at scale [65]. While large-scale implementation trials are recommended 
as a way to examine population impact [66], in physical activity research, for 
example, the effects of interventions observed under controlled intervention condi-
tions are shown to reduce when delivered at scale [67]. 
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The Dutch Obesity Intervention in Teenagers (DOiT) was a multi-component 
school-based obesity prevention program targeting adolescents aged 12–16 years in 
the Netherlands that was tested at scale [68]. The program included classroom and 
environmental components to prevent adolescent weight gain and demonstrated 
efficacy through positive reductions in some measures of adiposity, reducing in 
sugar-sweetened beverage consumption and screen time in an efficacy trial 
[68]. However, following the large-scale implementation of DOiT in a real-world 
context, the intervention did not have significant effects on screen time [69]. These 
reduced effects were attributed in part to challenges with implementation fidelity and 
adaptations to the program following the dissemination process. For example, 
organisational “buy-in” to the intervention and consistent implementation of inter-
vention and implementation strategies were key elements of success when translat-
ing an intervention from ideal conditions to real-world scenarios. For even the most 
rigorous and efficacious research to be implemented in practice, an “enabling 
environment” is required [15, 18]. 

“Switch-Play” was an efficacious school-based intervention to prevent unhealthy 
weight gain, reduce screen time, promote physical activity, and improve fundamen-
tal movement skills tested in 311 5th Grade children in disadvantaged areas of 
Melbourne, Australia [70]. The real-world translatability of this program was tested 
as a modified intervention, “Switch-2-Activity”, in 2009 among 1566 9–12-year-old 
children [71]. In comparison to the initial Switch-Play controlled trial, Switch-2-Play 
demonstrated fewer outcomes among participants overall. These differences were 
attributed to a reduced intervention dose in Switch-2-Play (e.g. absence of funda-
mental movement skills focus), changes to intervention delivery (e.g. real-world 
teacher delivery as opposed to the specialist research team), and changes to reporting 
measures. Nevertheless, this modified program was subsequently adopted by the 
Department of Health and Human Services in Victoria, Australia, and offered to 
schools as an online program over an eight-year period. 

Differences in the effects of sedentary behaviour interventions when delivered in 
practice can, in some part, be attributed to challenges of implementation. However, 
beyond the difficulties of achieving effective intervention implementation in prac-
tice, when interventions are implemented “at scale”, the impact of political and 
environmental influences can be amplified [16, 72]. As the scaling process is 
non-linear and can involve highly complex interactions between factors that are 
variable by context [73], challenges are often unpredictable. For example, Action 
Schools! BC is a school-based physical activity and healthy eating program that has 
been sustainably implemented across British Columbia, Canada, for over a decade 
[74]. Ongoing investment and engaged cross-sectoral partnerships all enhanced the 
sustainability of implementation at scale; however, the rapidly changing social



context for political action on physical activity and healthy eating in British Colum-
bia meant that a continuous process of adaptation and reflexivity was required [74]. 
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Theoretical models and frameworks for guiding effective implementation are 
recommended as a tool to plan and evaluate program translation [75], yet they are 
underutilised in scale-up studies of sedentary behaviour interventions [76]. The 
PRACTical planning for Implementation and Scale-up (PRACTIS) guide provides 
a process for planning implementation and scale-up of evidence-based interventions, 
drawing on recommendations from key implementation frameworks to prioritise 
implementation and scale-up considerations during early planning stages of inter-
ventions [16]. However, research has shown that theories and frameworks for 
effective dissemination and implementation are more frequently used to evaluate 
implementation outcomes, as opposed to informing implementation across all study 
phases [76]. This, in part, may contribute to explaining why so few sedentary 
behaviour interventions are successfully implemented in real-world practice and 
sustained at scale for population health improvement. In summary, few interventions 
targeting children’s sedentary behaviour have been implemented at scale. Even 
fewer have reported the cost-effectiveness [77], reach, or sustainability of the 
program, and theories, models, and frameworks that can underpin all stages of 
implementation and scale-up have been underutilised [76]. As the evidence base 
of efficacious programs to reduce children’s sedentary behaviour grows, these are 
clearly areas requiring further research in the future. 

17.5 What Are the Gaps and Future Directions? 

With the exception of screen time, and a growing evidence base in school settings, 
there have been few interventions that have attempted to reduce or break up overall 
sitting among children and youth. Most home-based sedentary behaviour interven-
tions focus on reducing screen time, and transport settings have rarely been targeted. 
There is much scope to reduce sitting in these settings given the prevalence of sitting 
and reclining at home and passive forms of transport such as car travel among 
children and youth. 

The majority of sedentary behaviour interventions have focused on children 
rather than adolescents. Teachers and parents have been the most commonly targeted 
agents of change, and programs have mainly used educational approaches targeting 
individual- and social-level factors, such as self-monitoring and parental rules about 
screen time. More research on reducing adolescents’ sustained sitting throughout the 
day is needed, as is testing the efficacy of targeting policy and organisational change 
via school principals and school boards, or government departments (at any level of 
government). Innovative research working with industry, architecture, and interior 
design that facilitates the engineering of opportunities to reduce children’s and 
adolescents’ sitting and promote more opportunities to move throughout the day is 
also required.



532 J. Salmon et al.

Although the majority of efficacy evidence in children’s sedentary behaviour 
interventions lies in the area of screen time, a challenge for these programs is to 
remain relevant. New technologies for entertainment, educational, and social con-
nection purposes are constantly coming on the market. Television viewing appears 
to be declining in some countries [11, 78], and alternative screen-based behaviours 
such as digital tablet and smart phone use are now prevalent [79]. Some interven-
tions have examined the effectiveness of exchanging sedentary electronic games for 
more active ones; however, there seems to have been limited success with this 
approach [80]. There is scope for interventions to harness new technologies to 
deliver and support strategies to reduce children’s screen time. For example, using 
timer devices to limit screen time, monitoring device- and content-specific time use, 
and providing intervention materials online (e.g. through apps). Technologies can 
also be used to reduce sitting time, for example, using wearable devices to monitor 
sitting time, chair sensors that assess sitting in real time and prompt the user to stand, 
and automated regular screen prompts on the computer or smart watch reminding the 
user to stand up and take a break. Given the pervasiveness of screens for many 
aspects of a child’s life (e.g. leisure time, education, social connections), it is crucial 
that interventions are theoretically based and consider how to reach children/families 
and maintain engagement to maximise potential effectiveness and scalability. New 
technologies are here to stay; it may be better to employ these technologies to 
manage time use than try to eliminate them from children’s lives altogether. 

An under-studied area identified in this chapter is sedentary transport. While 
active transport to school initiatives for primary school travel are common and have 
shown increases in active travel [44–47], few studies report the impact on sedentary 
travel to or from school, whether by car, public transport, or any other sedentary 
mode. In addition, few interventions are designed to reduce the perceived conve-
nience of driving [81]. On the most part it could be expected that interventions 
resulting in increases in active transport would contribute to corresponding decreases 
in sedentary travel; however, this may not always be the case [81]. Uptake of active 
travel modes among those using sedentary modes and changes in frequency or 
volume of active modes are not always examined. Interventions could also result 
in mode shifts between walking and cycling (rather than passive and active modes). 
It is also possible that shifts from car to public transport use could result in more 
sedentary travel if public transport routes are less direct or less sedentary travel if 
routes are direct given public transport is rarely door to door. 

Interventions targeting sedentary travel to school among adolescents are surpris-
ingly rare, despite adolescents having greater autonomy and independent mobility, 
and potentially being able to walk or cycle longer distances. Also critically 
overlooked is the development of interventions to reduce sedentary travel to desti-
nations other than school. It has been suggested that reducing sedentary travel to 
destinations other than school could cumulatively add up to more opportunity to 
reduce sedentary travel than school trips [81]. Consistent with this view, Loh and 
colleagues [82] found that approximately 8% of car trips made by adolescents could 
feasibly be replaced by walking and more than 40% with cycling and that trips made 
for shopping and social purposes were more likely to be short enough to be replaced



than trips made for education. Focusing on reducing sedentary travel or on substitut-
ing these trips with active forms of travel is important, regardless of the destination. 
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Various studies have explored the complex process of implementing evidence-
based programs in the school setting [25], yet there is far less research regarding the 
most effective approach for systematically translating evidence-based programs into 
practice, specifically the mechanisms that underpin effective implementation strat-
egies to improve intervention uptake and delivery in real-world settings and ways of 
leveraging opportunities to enhance scale-up outcomes [73]. Previous attempts at 
implementing evidence-based interventions in real-world settings have been 
criticised for lacking consideration of end users and variability in their environmen-
tal and/or organisational contexts [16, 66]. Cost-effectiveness and sustainability are 
rarely reported and scale-up studies typically rely on retrospective evaluations of 
“what went on”. The lack of research which tests the real-world applicability and 
relevance of sedentary behaviour interventions makes replication and 
generalisability to other contexts difficult. Currently, we know less about the core 
components required for intervention success and the extent that programs can be 
modified to suit local contexts while retaining positive outcomes [12] than we do 
about the efficacy of strategies to reduce children’s and adolescents’ sedentary 
behaviour. Future research which systematically tests the implementation of inter-
ventions at scale, including identifying strategies that influence scale-up outcomes 
and the mechanisms that underpin them [73], will greatly advance our knowledge of 
this area. This is necessary if the field is genuine about reducing population preva-
lence of sedentary behaviour and benefiting the current and future health of our 
youth. 
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Chapter 18 
Workplace Programs Aimed at Limiting 
Occupational Sitting 

Genevieve N. Healy, Samantha K. Stephens, and Ana D. Goode 

Abstract On a typical working day, 50% of waking hours is spent working. This 
means that over the course of a lifetime, for most adults, a lot of time is spent at work. 
The workplace has been identified as a key setting for health promotion, with many 
of the influences on behaviour, including sedentary behaviour, able to be addressed 
within this setting. This chapter provides an overview on the workplace as a setting 
for addressing prolonged sitting time and programs that have addressed this behav-
iour. Specifically, this chapter summarises evidence on how much workers sit, 
outlines best practice approaches for addressing prolonged workplace sitting time, 
provides an overview of interventions that have targeted workplace sedentary time, 
and identifies key gaps and opportunities in the field. The terms workplace sitting, 
occupational sitting, and occupational sedentary behaviour will be used interchange-
ably throughout the chapter to mean sedentary time accrued while undertaking work. 

What Is New?
• Updated evidence on effective approaches to reduce prolonged sitting time 

at work
• Consideration of the impact of workplace-delivered intervention on activity 

outside of work hours
• Acknowledgement of the impact of major work disruptors—such as the 

COVID-19 pandemic—on understanding and influencing behaviour during 
work time 
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18.1 How Much Do Adults Sit at Work? 

The workplace has a direct influence on the physical, economic, mental, and social 
well-being of workers and in turn the broader community [1]. Moreover, many of the 
influences on behaviour, including on sedentary behaviour, can be addressed within 
this setting [2, 3]. Given this, the workplace has been identified by the World Health 
Organization as a priority setting for health promotion [1]. Since the 1960s, there has 
been a considerable increase (>40% for many countries) in time spent sedentary 
[4, 5]. Here, increased computerisation and modernisation of work tasks has seen 
rapid changes in the activity profiles of workers, with the mean daily energy 
expenditure due to work-related activity estimated to have dropped by more than 
100 calories in this time [6]. This is of particular importance as workplace sitting 
time is a large contributor to overall sedentary exposure, with one study reporting 
that 48.5% of total weekly sedentary time was accrued at the workplace [7]. 

Traditionally, occupational activity has been broadly classified by job role, or 
other relatively crude categorical measures [8]. This has limited our understanding of 
individual-level variations in workplace activity, and associated impacts on health 
[9–11] and work outcomes. Recent advances in measurement technology, including 
wearable devices, have strengthened understanding of time spent in different activ-
ities and postures, as well as when the activities are occurring [12–14]. Coupled with 
context-specific data (such as electronic diaries of work times), this has provided 
valuable insights into workers’ activity both in and out of the workplace. This 
technology has also enabled understanding of the impacts of major work disrupters, 
such as the widespread shift to work from home resulting from the COVID-19 
pandemic [15]. For more information regarding sedentary behaviour during the 
COVID-19 pandemic, please refer to Sect. 27.2.2. 

Much of the activity-monitor evidence to date has been from desk-based workers. 
Using postural-based monitors, it has been observed that, on average, over 
two-thirds of the workday for desk-based workers is spent sitting, with the remainder 
of time primarily spent standing or in light-intensity activities [16]. However, there 
are large individual variations in levels. This is demonstrated in Fig. 18.1, which 
shows the percentage of worktime spent sitting, measured objectively using the 
activPAL activity monitor, in 496 participants (all desk-based workers) from four 
organisations who were participating in the Stand Up Australia program of research 
[17–20]. Although there is relatively little variation by organisation (overall mean 
76%, standard deviation (SD) 10.6%), there are large individual differences with 
some individuals sitting less than 25% of their working day, and others sitting over 
90%. Activity monitors have also provided insights into how work sitting time is 
accumulated, which is particularly important given the increasing evidence on the 
links between prolonged, unbroken sedentary time and poor cardio-metabolic 
[10, 21] and musculoskeletal health [22]. In desk-based workers, it has been 
observed that a considerable proportion of work sitting time (52%) is accrued in 
prolonged, unbroken bouts of at least 30 min [23]. As highlighted later in this 
chapter, this prolonged, unbroken sitting time is a key behaviour change target for



work-based interventions. However, similar to what was observed for total sitting 
time, there is large individual variability in this, as highlighted in Fig. 18.2. Here, on 
average, 50.5% (SD 19.2%) of work sitting time was accrued in prolonged, unbro-
ken bouts of at least 30 min in the 496 participants. However, some participants 
accrued less than 10% of their work sitting time in this form, whereas for others, 
more than 85% of their work sitting was accrued this way. When considered across 
all working hours, 40% of work hours on average (SD 18%) were spent in sitting 
bouts 30 min or greater in this group of participants (n = 496). 
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Fig. 18.1 Variations in total workplace sitting time (% of total worktime) in 496 participants from 
four organisations who participated in the Stand Up Australia program [17–20] 

Activity monitor data have also been used to compare sedentary time of various 
occupational categories. In 2019, a systematic review and meta-analyses looking at 
device-measured physical activity and sedentary time across work domains found 
that, on average, working adults spent approximately 60% of the workday (during 
and outside of work hours) sedentary and only 4% of the day in moderate-vigorous 
physical activity [16]. This review demonstrated that workers in occupations that 
largely involved sitting (e.g. desk-based office or call centre workers) engaged in the 
highest amount of sedentary time (72.5%) and the lowest amount of light-intensity 
physical activity (13.2%) at work compared to all other workers [16]. Conversely, 
occupations such as teachers, labourers, and health care workers had the lowest 
amount of sedentary time and tended towards higher step counts and higher levels of 
light-intensity activity [16]. In 191 blue-collar workers (including assembly workers, 
cleaners, construction workers, garbage collectors), the observed proportion of 
worktime spent sitting was 39.4% (SD 19.2%), with 7.0% (SD 9.3%) of total 
work accrued in bouts greater than 30 min [24]. In comparison, 65.3% 
(SD 11.8%) of leisure time was spent sedentary, with 31.9% (SD 15.3%) of this 
total time accrued in prolonged bouts [24]. Collectively, this evidence suggests that 
exposure to sedentary time is high across multiple occupations, including both



traditional white- and blue-collar fields. Indeed, occupational sitting time has been 
identified as an emerging occupational health and safety hazard [25]. In response to 
the rapidly accruing evidence base and increasing public awareness on the health 
impacts of too much sitting, an expert statement was published in 2015 reviewing the 
evidence on occupational sitting and providing initial broad recommendations for 
employers and staff [26]. The recommendations highlight the importance of regular 
changes in posture, including the avoidance of prolonged standing as well as 
prolonged sitting [26]. They also set a specific initial target of 25% of the workday 
(2 h per 8-h workday) to be spent in standing and light ambulatory activity during 
working hours, with this progressing to 50% of the workday [26]. Of key importance 
to note is that the evidence informing these recommendations remains relatively 
preliminary, and further high-quality evidence is required. 
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Fig. 18.2 Variations in prolonged workplace sitting time (% of total workplace sitting time) in the 
Stand Up Australia program [17–20] 

18.2 Best Practice Approaches to Address Prolonged 
Workplace Sitting 

The ultimate aim of a workplace sitting reduction program is for the dynamic 
workplace to become the norm, that is, for regular postural change to be a habitual, 
sub-conscious behaviour enabled by good workplace design, relevant organisational 
policies, high levels of knowledge, and a supportive organisational culture. To 
achieve this, interventions should be designed with consideration to successful 
buy-in, delivery, and sustainability. Achieving effective buy-in and implementation 
is likely to rely heavily on the perceived value of the intervention, the capacity to



deliver the program (including resources and job demands), and situational/ 
organisational factors—all of which can be changeable and non-static [27]. 
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Program design factors to support buy-in, implementation, and sustainability 
include allowing flexibility to adapt the program to best suit organisational needs 
(including work for home), the context, and the level of organisational readiness for 
change [27]. For example, information seminars to raise awareness on the health 
impacts of too much sitting may be critical for workplaces which are in the early 
stages of readiness, whereas team coaching for championing change may be more 
appropriate for workplaces which already have high levels of awareness and strong 
leadership support that needs to be mobilised. The program should also have 
processes and mechanisms to be able to rapidly incorporate and implement new 
knowledge as the evidence base advances [28]. Examples to achieve this include 
through communication tools such as a web page, a scientific blog [29], and/or 
ongoing collaboration with researchers in the field [30]. 

Workplace health promotion models [31–33] provide an important framework for 
designing, implementing, and evaluating programs to address prolonged sitting in 
the workplace. The World Health Organizations’ Healthy Workplace model details 
the five keys to healthy workplaces: leadership commitment and engagement, 
involving workers and their representatives, ensuring legal and ethical compliance, 
instilling a process of continuous improvement, and developing a plan for sustain-
ability and integration [34]. Table 18.1 provides examples of how a sedentary 
behaviour intervention could address these five areas. Of note is that there are 
multiple influences on an employees’ activity level at work in addition to 
individual-level factors such as fitness, fatigue, and age. These include job tasks, 
the physical environment, the social environment, and organisational norms and 
policies [2, 3]. Some influences are more modifiable than others, and some are likely 
to have a greater impact on activity than others. Any program targeting sustained 
changes in workplace sitting needs to acknowledge and address these multiple 
influences, taking into consideration that the key levers for change are likely to 
vary amongst organisations and individuals. 

In addition to considering the effects of the intervention in the primary interven-
tion setting (e.g. workplace), it is also important to understand how a workplace 
sitting reduction intervention may impact sitting and activity outside of work hours 
[36–39]. To date, there is limited evidence to support that either generalisation 
(e.g. workplace-delivered intervention leading to reductions in sitting during leisure 
time) or compensation (e.g. reducing workplace sitting leading to increased leisure 
time sitting or reduced levels of physical activity) occurs [36, 38], with most 
intervention effects from workplace-delivered interventions observed during work 
hours only [39]. This does have implications for programs that aim to influence 
behaviour across the whole day, with additional targeted behaviour change strategies 
likely to be needed for addressing non-work time [40].
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Table 18.1 Examples of how a sedentary behaviour program can address the five keys to a health 
workplace as outlined by the World Health Organization (adapted from [34]) 

Possible application to a workplace program 
targeting reductions in sedentary behaviour 

Key 1: Leadership commitment and 
engagement

• Present a business case for the introduction 
of a program to gain upper management support

• Establish the resources available to be 
committed to the program (e.g. sit-stand desks, 
headphones to enable standing telephone calls)

• Evaluate and, where appropriate, adapt 
current policies and practices to support the pro-
gram (e.g. standing meetings, accessible stair-
wells)

• Secure and formalise management and 
stakeholders’ commitment to initiatives in writing 
and ensure staff are aware of support (e.g. via 
email/ internal memo/ newsletter from CEO)

• Identify role models and spokespersons to 
advocate the program across multiple levels of the 
organisation 

Key 2: Involve workers and their 
representatives

• Actively involve workers in all stages of the 
program including planning, delivery, and evalu-
ation

• Allow flexibility and tailoring to enable 
workers/employees to choose strategies most 
appropriate for their workplace/team

• Explore perceived barriers and concerns of 
staff and facilitate problem solving and solution 
generation

• Ensure representation across multiple levels 
(e.g. general staff, team leader, senior manage-
ment) on program committees

• Create both informal and formal opportu-
nities for staff to share experiences and provide 
feedback on the program (e.g. monthly morning 
teas where staff can share successes and 
challenges) 

Key 3: Business ethics and legality • Educate on the potential benefits and harms 
of standing up, sitting less, and moving more. 
This includes raising awareness of the potential 
harms of static postures (either sitting or stand-
ing), and the importance of “listening to your 
body.” Allow the broader community to partici-
pate in information and awareness raising semi-
nars and workshops as appropriate

• Allow flexibility in choice of working 
environments to facilitate regular postural transi-
tions. This can include environmental support 
(e.g. sit-stand workstations) and/or allowing for 
unstructured (rather than structured) breaks. Fol-
low available guidelines on the choice and use of 

(continued)
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Table 18.1 (continued)

Possible application to a workplace program 
targeting reductions in sedentary behaviour 

sit-stand workstations [35]
• Recommend gradual changes to sitting time 

Key 4: Use a systematic, comprehensive 
process to ensure effectiveness and continual 
improvement

• Regularly (at least annually) evaluate 
organisational policies and practices related to the 
program and employee knowledge and use of 
program strategies

• Regularly evaluate the impact of the pro-
gram on economic (e.g. productivity), health and 
well-being (e.g. stress), and social 
(e.g. collaborations) factors, as well as activity 
levels

• Establish future goals for the program, 
including project action plans. Ensure that there is 
input from representatives across multiple levels 
within the organisation

• Ensure program approaches are evidence-
based. Consult industry experts in program design 
and evaluation as appropriate and enable mecha-
nisms for the integration of new evidence

• Provide publicly accessible reports on the 
impact of the program

• Collaborate and consult with other work-
places to discuss how they are delivering and 
evaluating programs to address prolonged sitting 

Key 5: Sustainability and integration • Maintain and enhance knowledge through 
incorporating evidence-based findings into 
scheduled staff training (e.g. annual OHS train-
ing) and staff induction manuals

• Integrate the program into organisation-
wide health and well-being initiatives

• Set program-specific targets as part of 
annual reviews

• Review and modify the program to suit the 
level of organisational readiness and existing 
culture 

18.3 Interventions Targeting Prolonged Sitting: What Has 
Been Tried? 

Until recently, much of the research on occupational sitting has been from the 
ergonomic field, with a focus on reducing musculoskeletal symptoms through 
addressing time spent in prolonged, static postures including prolonged sitting 
[41]. The increased interest in the public health impacts of too much sitting has 
seen a surge in workplace interventions specifically examining the impact of inter-
ventions on behaviour-based outcomes, as well as indicators of health, well-being, 
and work performance. The aim of these interventions is to decrease sitting time, or



specifically prolonged sitting time (i.e. through increasing regular breaks or inter-
ruptions in sitting). Strategies to achieve this aim have included raising awareness/ 
knowledge, creating a supportive environment (both the physical and social envi-
ronment), and/or building a supportive culture for change. 
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Although public health guidelines and recommendations are increasingly includ-
ing specific recommendations regarding reducing and breaking up prolonged sed-
entary time [11, 21, 42, 43], the general awareness and knowledge of the health 
impacts of too much sitting is still likely to be lower than that regarding the benefits 
of regular participation in physical activity. Preliminary evidence suggests that 
providing information and tailored advice is acceptable and can result in behaviour 
change for some participants [44]. Prompts delivered via the computer [45, 46] or  
through the chair [47] can also be used to raise awareness, and have been shown to 
elicit reductions in prolonged, unbroken workplace sitting time [45, 47]. Wearable 
technologies [20] and smartphone applications [48] also offer potential for real-time 
behaviour prompts, and use as an intervention tool. Notably, interventions that target 
the individual should be undertaken with consideration to the multiple influences on 
behaviour, as highlighted above. 

The physical environment can also have a strong impact on activity levels. 
Increasingly, workplaces are shifting toward “activity-permissive” or dynamic 
work environments that allow for more movement, more often. Features of these 
designs include visible, easily accessible, and appealing stairwells and amenities 
such as showers and bike storage racks [49]. Findings from natural experiments have 
shown that moving to these more activity-permissive buildings may have beneficial 
impacts on activity [50–53]. Notably, studies that have evaluated these moves have 
recommended that they be accompanied with education campaigns to increase 
awareness of the potential benefits of moving more and sitting less, as well as 
prompts (e.g. posters, computer prompts) [50, 51, 54]. Changes to the physical 
environment can also be made on a smaller scale, for example, centralising waste-
paper baskets or providing access to stairwells. A descriptive study examining the 
prevalence of activity-supporting factors within the workplaces signing up to 
sit-less, move more intervention found almost all workplace had some room for 
improvement in terms of activity-supportive factors [55]. Importantly, however, 
many of these opportunities could be considered “easy-wins”—i.e. both modifiable 
and low or no cost [55]. 

One physical environment intervention rapidly gaining attention that is not low 
cost is the activity-permissive workstation: i.e. a workstation that enables the worker 
to sit, stand, walk, and/or pedal while at their usual computer and other desk-based 
job tasks. Several systematic reviews have now concluded activity-permissive 
workstations can significantly reduce sitting time [56–59]. For example, in the 
meta-analysis by Neuhaus and colleagues [56], the pooled effect size for the 
reduction in workplace sitting time following installation of an activity-permissive 
workstation was 77 min per 8-h workday. These reviews also suggest that overall, 
the impact of the interventions involving activity-permissive workstations on health 
outcomes is generally beneficial, with minimal [56, 58] or beneficial change to work



performance [60]. Interventions involving sit-stand workstations have also been 
shown to be cost-effective [61–63]. 
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Most interventions evaluating an activity-permissive workstation have examined 
the impact of sit-stand workstations: that is, workstations that allow the user to easily 
and quickly change between a sitting and standing posture. Designs can include full 
desk models (electronic or manual), as well as retrofitted models that sit on top of 
existing desks. The increasing affordability of these workstations (models are now 
available <$US300), accompanied by the increased media attention on the health 
impacts of too much sitting, has seen rapid uptake in their use. Organisations who 
have invested in sit-stand workstations perceive them to be effective in reducing 
discomforts and increasing employee productivity and satisfaction [64]. However, it 
is important to note that any potential benefits of sit-stand workstations are likely to 
be considerably greater when their installation is accompanied by strategies targeting 
other influences on sitting time (i.e. knowledge, organisational policies, and work-
place norms). This was highlighted in an intervention study which compared 
changes in sitting time across three groups: one who received a multicomponent 
intervention incorporating strategies targeting influences at the organisational, envi-
ronmental (including sit-stand workstations), and individual level; one who received 
the sit-stand workstations only; and a control group [18]. At 3 months, the 
multicomponent group had a nearly threefold greater reduction in workplace sitting 
time (-89 min/8-h workday) compared to the workstation only group (-33 min/8-h 
workday), with differences maintained at the 12-month assessment [18, 65]. It is 
important to ensure that choice and installation of an activity-permissive workstation 
is done with appropriate consideration to factors such as job design, existing office 
layout, privacy (e.g. noise, visibility), and equity. Guidelines are now available to 
support choice and use of sit-stand workstations [35, 66]. 

Although less tangible than the physical environment, creating a supportive social 
environment is likely to be key for program uptake and sustained change. Strategies 
for addressing the social environment include ensuring a participative approach, 
where employees are engaged in the changes, enlisting program champions to role 
model the strategies and promote the program, and demonstrated upper management 
support such as through participation in the program, and relevant modifications to 
policies and practices (e.g. modifying dress codes to support the wearing of more 
“activity-friendly” footwear). 

Increased computerisation has meant that time spent in job tasks that required 
some activity (e.g. walking to the printer, filing papers) has substantially decreased 
[67]. Rather than postural changes occurring naturally through work tasks, it may be 
that additional support is needed to promote and maintain such changes. Unstruc-
tured breaks, which are chosen or planned by the individual, are preferable to 
structured breaks (e.g. set time for the breaks); structured breaks may interrupt 
work tasks, and do not allow for individual variability in posture preferences. 
Selecting strategies that are appropriate to the work environment and usual work 
tasks has been shown to be important, with the aim of creating multiple opportunities 
to stand and move throughout the day to achieve behavioural improvement 
[68]. Activity substitution is also commonly adopted as a strategy [17, 68], for



example, walking to see a colleague rather than emailing or having standing or 
walking (rather than sitting) meetings [68]. In addition to potentially increasing 
levels of incidental activity [69], promotion and visible use of such strategies are 
likely to be an important component of generating and sustaining a dynamic 
workplace culture. Potential barriers to implementing these strategies [70–72] 
should be identified, and where possible, addressed. 
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A 2018 review compared the impact of these different strategies and approaches 
to addressing workplace sitting time, concluding that there was preliminary evidence 
that sit-stand desks can reduce sitting time at work, but the impacts of other 
interventions, including information and counselling, multicomponent interventions, 
and policy changes, were mostly inconsistent [59]. The review noted the low-quality 
evidence informing the field to date and highlighted the need for more high-quality 
cluster-randomised controlled trials testing the effect of different interventions on 
sitting time. Since the review, findings from two more high-quality cluster-
randomised trials have been published [73, 74] in addition to the findings from the 
Stand Up Victoria trial [75], with all of these interventions demonstrating that a 
multicomponent intervention that included sit-stand workstations, along with edu-
cation and organisation support elements, could achieve significant reductions in 
workplace sitting time at 1 year. Two of the trials have also published on the cost 
data, showing cost-effectiveness [61] and cost benefit [62]. All three interventions 
have now been adapted to enable more wide-scale implementation, with the adapted 
interventions currently being evaluated [40, 76, 77]. Excitingly, preliminary evi-
dence suggests that significant reductions in workplace sitting can still be achieved 
with these scalable approaches [78], and that such approaches are feasible and 
acceptable for workplaces [78, 79]. 

18.4 Key Gaps and Opportunities for Workplace Programs 
Addressing Prolonged Sitting 

The rapidly accruing evidence base and increasing public awareness of the health 
impacts of too much sitting have seen strong industry interest in addressing this 
issue. For example, the Global CMO network identified addressing prolonged sitting 
through the creation of dynamic workplaces as one of the key recommendations for 
sustainably improving workplace health [80], while Safe Work Australia identified 
excessive sedentary time as an emergent work health and safety issue [25]. However, 
a 2017 review found that there were no existing national and international occupa-
tional safety and health policies specifically relating to occupational sedentary 
behaviour [81]. There is an ideal opportunity to capitalise on this strong industry 
interest to generate practice-based evidence to address the several gaps that remain in 
this rapidly emerging field to help inform such policies. These gaps include:

• Obtaining more detailed understanding of the activity profiles of workers and 
how they vary across and within occupational sectors as well as across time and



location (e.g. work from home, workplace) through the use of postural-based 
activity monitors

• Updating understanding of existing policies and practices regarding addressing 
prolonged sitting across various occupational sectors

• Rigorous, high-quality cluster-randomised controlled trial evidence on effective-
ness, acceptability, and sustainability across a range of different intervention 
approaches, including those with low resource implications and those that support 
flexible working arrangements

• Understanding organisational and individual-level differences in how programs 
are taken up, implemented, and sustained to inform what works best and 
for whom

• Evidence on the impact of programs on a range of factors in addition to activity, 
including knowledge and awareness, organisational culture, policies and practice, 
health outcomes, and work outcomes to support the business case for uptake into 
practice

• Determination of the relative cost benefits of various strategies 

18 Workplace Programs Aimed at Limiting Occupational Sitting 549

Addressing these gaps is critical for building the business case for change and 
providing evidence on return on investment for workplaces for sitting reduction 
programs. There are several opportunities to achieve this. For example, the increas-
ing availability, affordability, and sophistication of wearable monitors provide an 
opportunity to rapidly advance our understanding of activity profiles of individuals 
and how they vary within and across organisations. Wearable technologies also 
provide opportunities as an intervention and/or self-monitoring tool and could be 
utilised as an affordable adjunct to support intervention messages. Models such as 
the Dynamic Sustainability Framework [82], the Consolidated Framework of Imple-
mentation Research [83], and RE-AIM [84–87] provide a foundation to evaluate 
how interventions are translated into practice and adapted, implemented, and 
sustained over time to suit the context and the broader ecological system within 
which they exist. Use of such models will be integral for interpreting the success 
(or not) of programs to reduce prolonged sitting at work. As noted above, there are 
now evaluations underway that will provide practice-based evidence on the uptake, 
implementation, effectiveness, and costs of these programs when delivered at scale 
[40, 76, 77]. Finally, a multidisciplinary approach will be needed to maximise 
change. For example, physical activity researchers could work with architects and 
town planners to ensure building design codes enable active choices to be the easy 
choices [50, 88]. It will be critical that the messages to reduce prolonged sitting are 
consistent across these multiple stakeholders. 

18.5 Summary 

The workplace has been identified as a key setting in which to address prolonged 
sitting. Exposure to sitting is high across many occupational sectors, with sitting 
during work time a major contributor to daily sitting time. Intervention trials



targeting prolonged sitting have achieved substantial reductions in sitting time, 
particularly when the individual physical environment supports regular postural 
changes such as through the provision of sit-stand workstations. However, several 
questions and evidence gaps remain to be addressed, including those regarding the 
sustainability of these changes and the ability of programs to adapt to major work 
disruptors such as what was seen during the COVID-19 pandemic. With the strong 
industry interest in this area, there are key opportunities to address the identified 
gaps, translate research into practice, and generate practice-based evidence. Utilising 
a multidisciplinary approach and incorporating a best practice framework will be 
critical for achieving sustainable success. 
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Chapter 19 
Approaches to Decrease Sedentary 
Behaviour Among the Elderly 

Ann M. Swartz and Whitney A. Welch 

Abstract The elderly are one of the most sedentary segments of the population and 
they have the highest rates of chronic acquired disease and disability. Research 
suggests a positive association between time spent being sedentary and ill health, 
poor physical function, and a diminished quality of life. Therefore, there is a 
significant need to understand how to decrease the amount of sedentary behaviour 
in which an elderly individual engages. To date, a relatively small number of studies 
have attempted to reduce sedentary time in the elderly, with the majority focusing on 
reducing sedentary time, while others focus on increasing physical activity or 
changing both sedentary and physical activity behaviour. Within these interventions, 
there are a variety of different study designs applied to decrease or disrupt sedentary 
behaviour. Additionally, variation in methodology such as tools used to measure 
sedentary behaviour, the theoretical grounding of the interventions, and the inter-
ventional structures are apparent. Study results have been mixed, with some studies 
showing that sedentary behaviour can change, while others show no change in time 
spent sedentary. Successful interventions have demonstrated decreases in sedentary 
behaviours to be about 30–60 min, or about 3–6% of the waking day. Changes in 
sedentary behaviour can happen rapidly, but it remains unclear whether these 
behaviour changes can be sustained beyond the reported intervention length. As 
we continue to study best practices to decrease sedentary time in older adults, studies 
should focus on determining which intervention attributes are the most effective and 
which will produce long-term change. 
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What Is New?
• The number of interventions that aim to reduce sedentary behaviour in the 

elderly has more than doubled since the last version of this book.
• More high-quality study designs were employed to evaluate interventions 

to decrease or disrupt sedentary time.
• The literature that examined the impact of reductions in sedentary behav-

iour on health variables shifted in focus from cardiometabolic markers to 
functional and quality of life indicators.

• The interventions that focused on changing sedentary behaviour showed 
more substantial changes in behaviour than previous studies. 

19.1 Introduction 

Our waking hours are spent in both sedentary and active behaviours such as walking, 
sitting, eating, socialising with friends, or engaging in household or caregiving tasks. 
We are either active or sedentary depending on what we need to accomplish, what 
constraints we have on our time, the habits we have formed, the people we surround 
ourselves with, the environment we live in, and the policies and infrastructure of our 
community. Elderly adults are a unique segment of our population. A large majority 
of the elderly population are retired, and therefore have lower levels of occupational 
physical activity and occupational sitting and have more choice in how to spend their 
time. Having control over their full daily schedule allows elderly adults to make 
choices to be active, or to be sedentary. Now that they have the time, they may 
choose to spend the day playing 18 holes of golf, or kayaking in a lake, finish reading 
the book that they started earlier that week, watch a television program, or start a 
hobby they have always wanted to try but never had the time. The environment they 
live in, and in particular their residence, also plays a large role in their decision to be 
active or sedentary by providing opportunities to be active or encourages one into 
sedentary pursuits. The elderly have developed habits over their lifetime that have 
evolved out of necessity, or from their experiences in their country, city/town/ 
village, and home with their family, friends, and acquaintances. This lifetime of 
experience paired with knowledge, habits, and current life situation has cultivated 
into their current lifestyle behaviours and determine how they interact with the world 
on a regular basis. 

On average, elderly adults spend approximately 60–70% of their waking day 
(approximately 15 h) in sedentary pursuits such as watching television, reading, and 
working on the computer [1]. This means that elderly adults are moving for only 
about 6 h per day and remaining idle for the other (approximately) 9 h of the day that 
they are awake [1]. It is important to remember that these data provide a time 
allocation picture for the average elderly individual. When looking at distributions 
of sitting time from meta-prevalence data showing that about 60% of elderly adults 
sit for 4 h or more, 27% sit for 6 h or more, and 5% sit for more than 10 h/day [2], we



are reminded that some will remain sedentary for more than 9 h, and some will move 
more than 6 h per day. Additionally, it is important to note that sedentary behaviour 
has been shown to increase with age, increasing by approximately 5% each year after 
age 65 [3]. For more information regarding the prevalence of sedentary behaviour in 
elderly adults, please refer to Sect. 2.2. 
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As has been shown in this book, higher levels of sedentary behaviour are 
associated with higher rates of chronic acquired diseases, poorer physical function-
ing, and higher rates of disability which can lead to an inability to complete activities 
of daily living and instrumental activities of daily living [4–6]. These negative health 
complications that result from too much sedentary behaviour appear to be indepen-
dent of health enhancing physical activity, in the adult [4, 7–11] and elderly adult 
population [6]. 

Because of the large amount of time spent being sedentary and the potential for 
negative health consequences, scientists, health care providers, and public health 
officials have begun to intervene on the amount of time that elderly adults spend in 
sedentary pursuits. However, work in this area has just begun and there is much to 
learn. This chapter aims to review the current knowledge focusing on approaches to 
reduce sedentary behaviour among the elderly. Specifically, this chapter details the 
characteristics of interventions that aim to reduce sedentary behaviour as well as 
interventions that aim to increase physical activity, but also assess the impact on 
sedentary behaviour. 

19.2 Interventions to Reduce Sedentary Behaviour 
in Elderly Adults 

Despite the large portion of the day that the elderly spend in sedentary behaviour and 
the ill effects of sitting that have been documented, there are relatively few inter-
ventions that aim to reduce sedentary behaviour in this segment of the population. 
Within these interventions, there were similarities in design of the study as well as 
primary outcome of the study. However, variation in methodology such as measure-
ment tools used to assess sedentary behaviour, theoretical grounding of the inter-
ventions, and interventional structure is also present. Considering the disparities in 
intervention characteristics, it is encouraging; to date, interventions to reduce sed-
entary behaviour have been successful. 

19.2.1 Design of Studies to Reduce Sedentary Behaviour 

Early interventions which focused on changing sedentary behaviour were largely 
pre-post experimental designs [12–18], assessing within subject change over time in 
response to the intervention. More recent studies have employed stronger research



designs including randomised-controlled studies [12, 19–23] and randomised com-
parison trials [24–28], allowing more robust conclusions to be drawn regarding the 
effectiveness of the intervention. In addition, because this area of inquiry is relatively 
new, there are a large number of studies designed to determine the feasibility of an 
intervention to reduce sedentary behaviour [13–18, 20, 27–29], which is an impor-
tant first step in interventional research before applying the intervention to a larger 
group. As the field continues to evolve, more studies have been completed which 
specifically aim to reduce sedentary behaviour in the elderly, rather than examining 
sedentary behaviour as a secondary outcome to physical activity or another health-
focused variable. However, only one study has included a follow-up period 
(4 weeks) to examine whether changes in sedentary behaviour are sustained over 
time [17]. As this area of inquiry continues to develop, it is important for scientists to 
continue to use high-quality study designs and to examine whether changes in 
sedentary behaviour are maintained after the intervention is completed, allowing 
for robust findings that will inform clinical and public health practice. 
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The majority of published interventions aimed at reducing sedentary behaviour 
have included sample sizes of less than 75 individuals, with one study including 
75–100 participants [21], five including 50–75 participants [16, 19, 23, 30, 31], eight 
studies including 26–50 participants [12, 20, 22, 24, 25, 28, 29, 32], and six 
including 25 or fewer participants [14, 15, 17, 18, 26, 27]. The majority of studies 
included samples with a mean age of 65 years or older [12–15, 17–30], while a few 
studies reported a mean age between 55 and 64 years [16, 32]. A preponderance of 
studies included a majority (>70%) of females, ranging from 70% to 100% of the 
participant sample [13, 15–19, 21, 22, 24–26, 28, 30], with the other studies having 
approximately half the sample being female [12, 14, 20, 27, 29, 32]. Few studies 
(25% of those included here) explicitly recruited sedentary individuals [13, 15, 19, 
22, 23]. Finally, the majority of studies recruited community-dwelling participants 
with only four studies recruiting from continuing care retirement communities [30], 
care home/nursing home [20], independent living [18], and sheltered housing 
[26]. Diversity in intervention location such as housing status (community-dwelling 
vs continuing care retirement communities) naturally introduces important differ-
ences when addressing elderly health and lifestyle behaviour change such as access 
to safe spaces to reduce sedentary behaviours. Further, individuals living in con-
tinuing care retirement communities may have higher rates of frailty or lower 
mobility status. Studies have begun to explore interventions to reduce or disrupt 
sedentary time in individuals that are frail or lower functioning; however, more work 
needs to be done. Therefore, interpretation of the results of these studies must take 
into account the participant characteristics. Future studies should screen for time 
spent in sedentary behaviour to ensure that those in need of a reduction in sedentary 
behaviour are the recipients of the interventions. Additionally, there is little data 
examining the effect of interventions to reduce or disrupt sedentary time in males 
and individuals that live in continuing care retirement communities.
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19.2.2 Methodologies Utilised to Assess Sedentary Behaviour 
Intervention Response 

Sedentary behaviour can be a difficult behaviour to measure, because individuals do 
not choose to be sedentary for the purpose of being sedentary; it is usually performed 
for another reason: enjoyment of watching their favourite television show, rest and 
rejuvenation, or sitting to visit with friends. In addition, it is crucial to consider 
which component of sedentary behaviour is of greatest interest when developing a 
sedentary behaviour reduction intervention. There are four common components of 
sedentary behaviour that can be measured: total time spent sedentary, the type of 
sedentary behaviour (e.g. watching television), the frequency of breaking time spent 
sedentary, and the duration of each bout of sedentary time. Therefore, the tool used 
to assess sedentary behaviour and changes in sedentary behaviour as a response to 
intervention is important. 

In the studies that intervened to reduce sedentary behaviour in the elderly, a 
variety of subjective and objective assessments were employed, with more recent 
studies favouring the use of objective tools. Objective tools used to measure 
sedentary behaviour included the ActiGraph accelerometer [13, 15, 22, 27] and the 
activPAL inclinometer/accelerometer [14, 15, 20, 23, 26, 29, 30, 32], a combination 
of activPAL and ActiGraph [17, 19], GENEActive accelerometer [24, 25], Accusplit 
pedometer and Jawbone UP [18], and the Omron accelerometer [21]. The measure-
ment device is an important consideration when evaluating the results of studies. 
Given the accepted definition of sedentary behaviour includes an energy expenditure 
component and a postural component [33], it is important to note that only the 
activPAL inclinometer/accelerometer provides a measure of posture, and all devices 
provide a surrogate measure of energy expenditure through acceleration. These 
measures are best at capturing data related to total time spent sedentary, frequency 
of breaking sedentary time, and the duration of each sedentary bout. 

Subjective tools also varied, with the most used questionnaire being the Measure 
of Older Adults’ Sedentary Time [16, 19, 27, 28]. Other subjective tools included the 
Sedentary Behavior Questionnaire [14], the International Physical Activity Ques-
tionnaire (IPAQ) [12, 15], and a diary often paired with an objective device [12, 20, 
29]. Given variation in the validity of the objective and subjective sedentary 
behaviour assessment methods (see Chap. 3), comparisons of intervention respon-
siveness and efficacy become difficult and warrant consideration. These measures 
are best suited when the type of sedentary activity is of interest. 

19.2.3 Theories Employed in Sedentary Behaviour 
Interventions 

Most current interventions designed to disrupt sedentary behaviour have been 
guided by theories developed to change behaviours. The social cognitive [13, 15,



16, 18, 19, 23, 28, 30] theory was the most widely used. Behavioural choice [13, 15], 
theories of problem solving, theory of planned behavior [18], self-regulation 
[17, 19], trans-theoretical model [26], empowerment theory [12], habit formation 
[23], the social-ecological model [14, 23], behavioral intervention technology model 
[29, 32], and the dual-process model of behaviour change [28] have also been 
applied. A number of studies employed multiple behaviour change theories. For 
instance, King et al. applied social cognitive theory and self-regulatory principles of 
behaviour change, social influence theory, operant conditioning principles, and 
emotional transference within a technology platform [16]. Hergenroeder et al. 
applied both social cognitive theory and the theory of planned behaviour to change 
sedentary behaviour [18]. Many behaviour change techniques were used including 
self-monitoring [29, 32], health coaching [30], action panning [19, 30], goal setting 
[19, 30], in addition to targeting behaviour change processes including motivation, 
and social influences [30]. With the increased use of technology as a mode of 
intervention delivery, theories specific to the dynamic nature of technology are 
appropriate. Compernolle et al. employed the behavioural intervention technology 
theory (BIT) to guide their technology-supported intervention [29, 32]. Changing 
sedentary behaviour presents a unique challenge when it comes to theories to guide 
behaviour change compared to changing physical activity, in that the primary goal is 
to reduce or take away a “bad” behaviour versus adding in a “good” behaviour as 
with physical activity. Because the number of factors that shape behaviour and 
interplay of these factors is so complex, determining the best theory or theories to 
change sedentary behaviour is still a work in progress [31]. 
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19.2.4 Characteristics of Sedentary Behavioural 
Interventions 

In addition to similarities and differences in methodology and theories employed, 
there are also similarities and differences in the intervention characteristics. In 2011, 
Owen and his colleagues outlined a conceptual model to understand the determi-
nants of sedentary behaviour and proposed factors to consider when developing 
interventions to reduce sedentary behaviour based on the ecological model of 
sedentary behaviour [34]. This model proposes five domains that influence sedentary 
behaviour: intrapersonal, perceived environment, sedentary behaviour domains, 
behaviour settings: access and characteristics, and policy environment. Of the five 
domains outlined, published interventions to reduce sedentary behaviour among the 
elderly target four of the five domains: (1) intrapersonal, (2) perceived environment, 
(3) sedentary behaviour domains, and (4) access and characteristics of behavioural 
settings. As is typical in physical activity interventions, these interventions largely, 
but not exclusively, focused on individual level attributes and aspects that are in our 
consciousness that determine behaviour. Few focused on autonomic behaviours and 
environmental factors.
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The majority of interventions (84%) aimed at reducing sedentary behaviour 
targeted individual level attributes including awareness of time spent sedentary, 
goal setting, planning, identifying barriers to reducing sedentary behaviours, self-
monitoring, and feedback [12, 14, 15, 17–25, 28–32]. Further, these studies included 
educational materials to increase participants’ knowledge of the benefits of reducing 
sedentary time [9, 14, 17–23, 26, 28–30, 32, 35, 36]. These interventions varied in 
length from 1 week to 1 year with seven lasting 12 weeks or longer and nine lasting 
8 weeks or less. Twelve weeks was the most common length of intervention (n = 5). 

Forty-two per cent of the interventions targeted relevant contextual factors that 
may influence sedentary time such as environmental or social factors. Four of the 
five interventions included real-time feedback to participants in addition to self-
monitoring of sedentary time [18, 26, 29, 32]. Three studies targeted an environ-
mental factor to change sedentary behaviour [15, 23, 27] and one used an external 
prompt/sign to promote behaviour change [30]. Five studies targeted social factors 
that may influence sedentary behaviour such as incorporating peer discussions, 
including family into the intervention delivery, and targeting social influences within 
the intervention design [17, 19, 20, 28, 30]. All of these studies focused on both 
individual level factors and environmental or social, with the exception of Lerma 
et al. which only focused on an environmental intervention [27]. These interventions 
varied in length from 2 weeks to 12 weeks, with five interventions lasting 12 weeks. 

Only one study that focused on reducing sedentary behaviours in older adults 
targeted a specific domain of sedentary behaviour. Lerma and his colleagues 
conducted a one-week feasibility trial in which they intervened during leisure time 
television viewing by placing a pedal device in their home that would turn sedentary 
television viewing into an active behaviour [27]. All other studies focused on total 
daily sedentary behaviour. Four of these studies focused only on breaking up 
prolonged sedentary time [18, 26, 29, 32], while nine focused on reducing total 
sedentary time [12, 14, 17, 19–23, 28] and three studies focused on reducing 
sedentary time and breaking up prolonged bouts of sedentary behaviour [15, 30, 31]. 

Most studies had in-person interaction; some included follow-up phone calls 
either to check in or to provide a coaching session [17–24, 26–29, 32]. No inter-
ventions were delivered in a virtual format. 

Of note, in addition to evaluating changes in sedentary behaviour, a number of 
studies examined the impact of changing sedentary behaviour on health-related 
outcomes. A few studies evaluated the effects of changes in sedentary behaviours 
on physical function [19, 23, 25], health-related quality of life [19, 23], pain [19], 
psychological parameters [12], and muscle attributes [24]. Most studies show 
improvement in physical function and health-related quality of life. These improve-
ments were seen in some studies even without a significant decrease in sedentary 
time, but with greater frequency of breaks in sedentary time, suggesting that the act 
of the sit-to-stand and stand-to-sit transitions may be beneficial for function and 
quality of life, particularly in those individuals who are deconditioned. 

Overall, the majority of studies that focus on reducing sedentary behaviour 
intervene on the individual and either environmental or social influences on behav-
iour. Studies tended to focus on changing total daily sedentary behaviour, rather than



focusing on just one domain of sedentary behaviour. There was large variation in 
intervention structure, length of the intervention, and goals for reducing sedentary 
behaviour. In-person participant contact either with other participants or study staff 
was the preferred mode of delivery instead of virtual or remote delivery. 
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19.2.5 Effectiveness of Interventions to Reduce Sedentary 
Behaviour 

Despite the variations in study methodology, length of the intervention, theory 
employed, and interventional structure and tools, results show promise that seden-
tary behaviour can be reduced in this population sub-group. On average, it appears 
that reductions in sedentary behaviour vary ranging from no change in total time 
spent in sedentary behaviour [18, 26, 29, 32] to reductions in sedentary behaviour of 
about 30–65 min or approximately 3–6% of the waking day. Of course the data is 
variable, but these results are seen after short-term and longer duration interventions 
and using subjective and device-based methods of assessing sedentary behaviour. 
Interventions lasting one to 8 weeks showed reductions in objectively measured 
sedentary behaviour ranging from 24 to 68 min per day [14, 15, 17, 19, 24, 25, 
31]. Fitzsimons [14] demonstrated a significant decrease in activPal-assessed sitting 
or lying time by 24 min/d or 2.2% of the waking day after a 7-day intervention. 
Similarly, Rosenberg et al. [15] showed a decrease in activPAL-assessed sedentary 
behaviour by 27 min/day (-3% of waking day) after an 8 week intervention. 
Gardiner et al. [13] showed a decrease in accelerometer measured sedentary behav-
iour by 3.7% of the waking day which equated to a reduction in sedentary behaviour 
by approximately 40 min. Koltyn et al. and Crombie et al. showed a decrease in 
accelerometer measured sedentary behaviour of 65–68 min per day as well as 
decreases in prolonged sitting [17, 19]. Interventions lasting 12 weeks or longer 
showed decreases in sedentary time ranging from 30 min [22], 48 min [20], and 
78 min [30] to 2.2% of the day (~21 min if awake for 16 h) [21]. In addition to total 
daily sedentary time, a few studies also assessed changes to bouts of prolonged 
sedentary behaviour, showing a reduction in time spent in prolonged sedentary bouts 
[18, 26]. However, not all studies successfully changed the number of breaks during 
prolonged sedentary behaviour [22]. 

Sedentary behaviour changes measured by questionnaire varied substantially, 
with King et al. reporting a decrease in television viewing (assessed by MOST) of 
29 min per day after an 8-week intervention [16]. Chang et al. reported a much larger 
decrease in IPAQ sitting time of 76 min/day after an 8-week intervention 
[12]. Finally, Maher et al. reported reductions in self-reported sedentary behaviour 
of 838 min per week or about 2 h per day [28]. This larger decrease in sedentary time 
could be due to the tool used to assess sedentary behaviour, the focus of the 
intervention, or the behaviour change theory applied.
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Because waking hours are filled either with either sedentary pursuits or active 
behaviours, when sedentary behaviour is decreased, it must be replaced with activity 
of some kind. As a result of the reductions in sedentary behaviour, some studies 
show increases primarily in light-intensity physical activity [15, 19], moderate-to-
vigorous-intensity physical activity only [12, 25, 31], or both light-and moderate-to-
vigorous-intensity physical activity, stepping [20, 21], or stepping and standing 
[14, 16, 30]. Not all changes in sedentary behaviour were met with changes in 
activity, possibly due to the measurement tool used, and some studies did not 
measure or report physical activity [22, 23, 26, 28]. While the focus of these 
interventions was on strategies and tools to assist participants to reduce sedentary 
behaviour, these substituted behaviours were a positive by-product of changing 
sedentary behaviour. It should be noted, however, that the intervention applied by 
Lerma et al. provided each participant with directions on how much sedentary time 
to replace with seated pedalling (15, 30, 45 or 60 min) [27]. Participants adhered to 
the intervention and exceeded their goals for pedalling. 

Taken together, it appears that changes in sedentary time in the order of 
30–60 min can be expected from interventions that aim to reduce sedentary behav-
iour among the elderly. Whether this change in sedentary time is sufficient to impact 
health, function, and quality of life in this population, and whether this change in 
sedentary behaviour can be sustained long-term, remains to be determined. 

19.3 Interventions that Focus on Changing Physical 
Activity Level, but also Reduce Sedentary Behaviour 

19.3.1 Design of Studies to Change Physical Activity Level 
that also Impacts Sedentary Behaviour 

In addition to studies that aim to change sedentary behaviour, there are a handful of 
studies that aim to change physical activity behaviours by (1) increasing physical 
activity behaviour [35, 37–42], (2) changing both physical activity and sedentary 
behaviour [43], (3) examining the feasibility of a physical activity intervention 
[36, 44], (4) changing both physical activity and nutrition behaviours [45], or 
(5) improving cardiometabolic risk [46]. In addition to assessing their primary 
aim, these studies also measure the interventional impact on sedentary behaviour. 
The majority of these studies have used a randomised control trial study design to 
assess their primary question [35, 37, 39, 40, 42–46], while some applied 
randomised comparison trials [36, 38, 41]. The intervention length varied, ranging 
from 8 weeks [38], 12 weeks [36, 37, 40, 44], 16 weeks [41, 42] 24 weeks [43], and 
6 months [35, 45, 46] to 1 year [39]. Most studies included participants with a mean 
age in the 60 s [36, 37, 40, 41, 43, 45, 46]  or  70  s  [38, 42, 44] and one with the mean 
age in the 80 s [35]. Two studies included overweight or obese elderly adults with 
type 2 diabetes [37, 43], and one included elderly individuals living in a nursing



home or care facility [35]. Most studies screened for activity level, only including 
those who are inactive [36, 38–42, 44–46]. 
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19.3.2 Methodologies Utilised to Assess Sedentary Behaviour 
Intervention Response in Physical Activity Studies 

Similar to the interventions specifically designed to alter sedentary behaviour, 
interventions in this area have also employed a wide variety of assessment tools. 
Objective tools used to measure both physical activity and sedentary behaviour 
simultaneously included the ActiGraph accelerometer [37, 39, 43], the activPAL 
inclinometer/accelerometer [44], both the ActiGraph accelerometer and acitvPAL 
inclinometer/accelerometer [42], an ActiGraph accelerometer and a Fitbit Zip [38], 
the SenseWear Armband [36, 41], or the PAM AM 300 [40]. Subjective assessment 
tools used to provide measures of sedentary behaviour include the IPAQ [45, 46], the 
Longitudinal Aging study Amsterdam questionnaire [35], and the Cardia Sedentary 
Behavior Questionnaire [36]. Therefore, due to the variety of both objective and 
subjective tools employed, direct comparisons of changes in sedentary behaviour 
become more difficult. 

19.3.3 Theories Employed in Physical Activity Interventions 
that also Impact Sedentary Behaviour 

The interventions employed a variety of theories to change physical activity behav-
iour or physical activity and sedentary behaviours, employing some of the same 
theories used in those studies with the primary aim of changing sedentary behaviour. 
Theories included the cognitive behavioural theory [37, 43], social cognitive theory 
[42, 44, 45], and the behaviour change wheel [40]. Four studies also included 
motivational interviewing [36, 37, 43, 46] as part of their intervention package to 
change physical activity behaviour. Other behaviour change techniques used 
included addressing issues around problem solving and goal setting [36]. Four 
studies did not explicitly state the theory applied [35, 38, 39, 41]. Overall, despite 
the fact that changing sedentary behaviour requires elimination of a negative behav-
iour and changing physical activity behaviour requires adding a positive behaviour, 
these results suggest that theories applied to change physical activity behaviours may 
be transferable to change sedentary behaviour. There remains a paucity of research 
to explore the effect of making environmental changes to change active and seden-
tary behaviours in the elderly. Finally, when considering behavioural intervention 
designed to change multiple behaviours, it is important to explore the impact of 
simultaneous changes of multiple behaviours or enlist a sequential approach to target 
each behaviour individually [47].
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19.3.4 Characteristics of Interventions 

All the interventions that focused on physical activity or exercise targeted individual 
level attributes such as self-efficacy, goal setting, feedback, and exercise [16, 35– 
46]. Further, six of 13 studies provided a specific exercise prescription to the 
participants within the study [35, 38, 39, 41, 45, 46]. These interventions varied in 
length from 8 weeks to 12 months, with 6 months being the most common length of 
intervention (n = 4). 

Three interventions targeted relevant contextual factors that may influence behav-
iour change including social support and social influence in addition to targeting 
individual level factors [16, 37, 43]. These studies ranged in length from eight to 
24 weeks. No studies targeted environmental factors to change behaviour. Two 
interventions targeted proximal social factors to change behaviour including walking 
groups or dance lessons in addition to targeting the individual level factors 
[42, 44]. These studies ranged in length from 12 to 16 weeks. 

Most studies had in-person interaction, with some interventions focused on one-
on-one individual level contact [36, 38, 40, 43–46] and some included group 
sessions [37, 42, 46]. Only one intervention included follow-up phone calls or 
emails either to check in or to provide a coaching session [45]. There was one 
intervention which was delivered remotely through a Smartphone App [16]. 

In addition to a focus on changing physical activity behaviour, a number of 
studies examined how these interventions would impact not only sedentary behav-
iour but also health-related outcomes. Studies evaluated the effects of physical 
activity interventions on cardiometabolic risk factors [37, 38, 40, 46], physical 
function [38], cardiorespiratory fitness [42], or constipation [35]. Positive effects 
on cardiorespiratory fitness [42], body composition, and cardiometabolic risk factors 
[38, 46] were seen in the intervention groups. However, due to changes in both 
physical activity and sedentary behaviour, the effect of sedentary behaviour alone on 
these health-related variables cannot be determined. 

Overall, the studies that focused on increasing physical activity or exercise 
behaviours primarily intervened on the individual level, while few introduced 
additional components to intervene on other relevant contextual or proximal social 
factors. Similar to the sedentary-focused interventions, studies assessed the change 
in total daily sedentary behaviour and did not focus on any one domain of sedentary 
behaviour and only a few studies reported giving explicit instructions to change 
sedentary behaviour. Finally, most of these studies included frequent contact 
between the participant and study staff and included some form of goal setting.
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19.3.5 Effectiveness of Physical Activity Interventions 
to Reduce Sedentary Behaviour 

Overall, there was a large range in the magnitude of change in sedentary behaviour, 
extending from no significant change in sedentary behaviour to a decrease of 1 h and 
15 min. Of those studies that showed a significant change in sedentary behaviour, 
decreases ranged from a reduction in ActiGraph-measured sedentary behaviour of 
23 min per day after a 24 week intervention [43], 21–29 min per day after a 12 month 
intervention, and 39 min per day after a 16-week intervention to a 72 min per day 
decrease sedentary behaviour after a 12 week intervention [37]. Mutrie et al. showed 
a significant decrease in activPAL-measured sedentary behaviour by 48 min over 
12 weeks [44]. Finally, Burke et al. showed a 50.7 min per day decrease in IPAQ-
assessed sedentary behaviour after a 6-month intervention [45]. Four studies did not 
show a change in sedentary behaviour as a result of the intervention [35, 36, 38, 
40]. These interventions focused on changing habitual physical activity through 
education [40] or through engaging in strength and/or functional training two times 
per week [35], or focused on exercise or physical activity behaviour [36, 38]. These 
interventions ranged from 8 weeks with a 20-week follow-up [38], 12 weeks [36], 
and 6 months [40] to 1 year [35]. Additionally, although Kallings et al. showed a 
significant within-group decrease in IPAQ-reported sedentary behaviour of 2 h per 
day, the change was not significantly different than the control group who decreased 
by 1 h per day [46]. Therefore, it appears that interventions that aim to change 
physical activity or both physical activity and sedentary behaviour through an 
increase in aerobic-style physical activity are not as effective in reducing sedentary 
behaviour as those interventions that focus on changing only sedentary behaviour, as 
was suggested by [48]. 

A number of studies reported both objectively measured physical activity and 
sedentary behaviour data, allowing an examination of how these behaviours change 
in accordance with one another. According to accelerometer data, many of the 
changes in physical activity behaviour were also accompanied by positive changes 
in sedentary behaviour [37, 39, 41, 43]. Self-report data also support similar out-
comes with increases in aerobic and resistance activity being accompanied by 
positive changes in sedentary behaviour [45, 46]. 

Therefore, similar to interventions that primarily aim to change sedentary behav-
iours, these interventions that focus on physical activity show that there is variation 
in the activity behaviour and intensity that replaces sedentary behaviour and this 
replacement behaviour is likely dependent on the physical activity intervention 
applied.
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19.3.6 Sustainability of Changes in Sedentary Behaviour 
in Response to Physical Activity Interventions 

It is important to be able to change behaviour, but arguably maintaining that 
behaviour change is the ultimate goal because it will have a longer and more 
enduring effect on health. A few studies followed up on whether the behaviour 
change that resulted from the intervention was sustained after the intervention 
finished. Mutrie et al. showed a 41-min reduction in sedentary behaviour after a 
12-week intervention. After a 12-week follow-up period, sedentary behaviour only 
increased by 7 min from the end of the intervention to the end of the follow-up period 
[44]. DeGreef and colleagues showed a significant decrease in sedentary behaviour 
(-23 min per day) after a 24-week intervention focusing on physical activity and 
sedentary behaviour [43]. The reduction in sedentary behaviour was still signifi-
cantly lower (-12 min per day) than baseline after 1 year, albeit an attenuated effect. 
Alternatively, results from DeGreef et al. and McNeil et al. were not as favourable 
[37, 39]. Despite showing a significant reduction in sedentary time (-72 min) in the 
intervention group compared with controls after the 12-week intervention, 1-year 
after completion of the intervention sedentary behaviour levels of both the interven-
tion (-6 min from baseline) and control (-15 min from baseline) groups returned to 
baseline levels [37]. Similarly, McNeil et al. showed significant reductions in 
sedentary time of 21–29 min after the 12 month intervention [39]. However, after 
a 12-month follow-up period, sedentary time increased back to levels seen at 
baseline [39]. Roberts et al. and Westland et al. did not show a decrease in sedentary 
behaviour during the intervention or during follow-up [38, 40]. In fact, sedentary 
behaviour was higher after the intervention compared with baseline, and did not 
decrease in the 12-week follow-up period [38]. Therefore, based on the results from 
these studies, the sustainability of changes in sedentary behaviour as a result of 
physical activity interventions remains inconclusive and provides evidence that 
designing interventions among the elderly population to promote long-term change 
in sitting behaviours is warranted. 

19.4 Summary 

As has been stated by many scholars in many different ways, changing behaviour is 
complicated. There is not a one-size-fits-all intervention to change sedentary behav-
iour in the elderly population. The current literature reports a variety of different 
behavioural theories, interventional techniques and characteristics, study designs, 
and measurement tools being used to change sedentary behaviour. As this body of 
information grows, identifying effective characteristics can help us to be more 
successful in changing and maintaining changes in sedentary behaviour. It is impor-
tant to note that despite the variation in methodology and study design, studies have 
shown that sedentary behaviour can change. With the increase in the number of



studies and the improvement in strength of study design over the last few years, there 
has been an arguably significant increase in effectiveness of sedentary behaviour 
interventions reported in the literature. In the previous version of this chapter, we 
reported that sedentary behaviour interventions resulted in decreases in sedentary 
behaviour of about 30-min per day. With the addition of more high-quality studies, 
research has shown that ~30–60 min reductions in sedentary time can be expected 
with interventions aimed at reducing sedentary behaviour. The changes can happen 
rapidly, but it is not fully understood whether these changes in sedentary behaviour 
can be sustained. 
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There are many questions that remain to be answered. Probably the most impor-
tant, but difficult to answer, what is the optimal amount of daily sedentary behaviour 
that an elderly person should engage in? Some sitting is healthy and restorative for 
mental, emotional, or physical well-being. Some sitting is necessary and done for a 
purpose. But research suggests there is a point where one sits too much and for too 
long a duration. Secondly, can changing sedentary behaviour have an impact on the 
health and quality of life of an elderly individual? We should not strive to change a 
behaviour for the sake of changing that behaviour. There needs to be a physical, 
cognitive, emotional, or social benefit to the change in behaviour. Third, what are 
the characteristics of interventions that will produce the largest and most sustain-
able change in sedentary behaviour? The studies reviewed in this chapter have 
relied heavily on behaviourally based and individual focused interventions; fewer 
have focused on altering social or environmental factors that influence sedentary 
behaviour. Changing the cues to be sedentary may have a substantial impact on daily 
sedentary behaviour; however, we have yet to experimentally determine this. This 
has been shown to be effective with worksite interventions (sit-stand workstations). 
Therefore, future interventions should focus on altering social and environmental 
aspects to reduce sedentary behaviour. Further, with our lives becoming increasingly 
dependent on technology, future interventions could explore the efficacy and effec-
tiveness of in-person interventions compared to remotely delivered interventions in 
changing sedentary behaviours. Finally, which behavioural change theories will be 
most successful in changing sedentary behaviour? We do not know the most 
effective behaviour change theories, techniques, or intervention components to 
reduce sedentary behaviour, although recommendations have been made for adults 
[31]. Interventions within the elderly have largely relied on social cognitive theory, 
with some studies not mentioning the theory(ies) employed. Recent exploration of 
the dual-process model that focuses on habits and intentions/reflections holds prom-
ise given the habitual nature of sedentary pursuits. Additionally, with the increasing 
reliance of technology to support intervention delivery, focus on dynamic and rapid 
changing behavioural theories will become increasingly important to employ. 
Finally, moving beyond the individual to explore the interpersonal, community, 
organisation, and policy influences on sedentary behaviour for older adults may 
provide interesting bases for intervention. Therefore, future research should focus on 
determining those theories, techniques, and intervention components that have the 
largest impact on sedentary behaviour.
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The human body is designed to move and there are negative consequences of 
inactivity as is evidenced by the growing epidemic of chronic disease in our 
population. Additionally, our environment and modern-day lifestyles are designed 
for us to move as little as possible. Therefore, given that elderly are one of the most 
sedentary segments of the population, and they have the highest rates of chronic 
acquired disease and disability, there is an immediate and urgent need to understand 
how to change these behaviours. 
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Chapter 20 
Interventions Directed at Reducing 
Sedentary Behaviour in Persons 
with Pre-Existing Disease or Disability 

Stephanie A. Prince 

Abstract This chapter reviews evidence from intervention studies targeting the 
reduction of sedentary behaviours among persons with pre-existing disease or 
disability. It briefly reviews the evidence for the need for such interventions and 
provides a summary of interventions that have been completed to date. It also briefly 
reviews interventions that are on the horizon and provides considerations for the 
design of future interventions. Finally, this chapter discusses areas of future research 
and methodological issues associated with this research. 

What Is New?
• A systematic review that investigated whether smartphone applications are 

effective at changing physical activity and sedentary behaviour in people 
with cardiovascular disease found only a small number of studies on 
sedentary behaviour, with mixed results [1].

• A systematic review that summarized interventions to reduce sedentary 
behaviour in people with stroke showed that there is insufficient evidence to 
guide practice on how best to reduce sedentary behaviour in that specific 
target group [2].

• Systematic review evidence identified that multi-component lifestyle sed-
entary behaviour interventions including a combination of motivational 
counselling, technologies (e.g., wearables, smartphones), monitoring, and 
social interaction among clinical populations (e.g., obesity, type 2 diabetes, 
cardiovascular disease, neurological/cognitive diseases, musculoskeletal 
diseases) resulted in greater reductions in sedentary behaviour on the 
order of 89 minutes per day. In addition to reducing sedentary behaviour, 
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these interventions also resulted in improvements to cardiometabolic 
markers of risk [3].

• More research using high-quality randomized controlled trials is needed to 
investigate the effectiveness of interventions aimed at reducing sedentary 
behaviour in persons with pre-existing disease and disability. 

20.1 Introduction 

Interventions targeting the reduction of sedentary behaviours have only begun to 
emerge. The majority to date have predominantly focused on seemingly healthy 
populations in the general public and have been largely carried out in workplace 
settings [4, 5]. Very few have involved populations with pre-existing disease and/or 
disability. This is important given that non-communicable chronic disease and 
disability are both highly prevalent, with an estimated 15% of the world’s population 
living with some form of disability and non-communicable diseases accounting for 
38 million deaths a year [6, 7]. Secondary prevention of further illness and disability 
is an important strategy to not only improve health-related quality of life but also 
reduce associated healthcare expenditures. 

Sedentary behaviours have been shown to be high among specific disease and 
disability groups and in many cases higher than those found in the general popula-
tion [8–17]. Figure 20.1 shows the average daily objectively measured sedentary 
time derived from publications using the National Health and Examination Surveys 
(NHANES) in the United States [10–17]. While greater amounts of sedentary time 
have been shown to be associated with an increased likelihood of developing many 
of these diseases [18, 19], it may further increase after the onset of the disease as a 
result of symptoms. Rehabilitation and management programmes for several dis-
eases exist (e.g. cardiac rehabilitation, diabetes management, multiple sclerosis 
activity guidelines) but largely target medical management of the disease and other 
lifestyle factors including diet, smoking, and physical activity [20–22]. Unfortu-
nately, research has shown that interventions that focus on physical activity, but not 
sedentary behaviours, are not likely to yield meaningful reductions in sedentary time 
[4]. It is possible that individuals who participate in these physical activity-oriented 
interventions compensate for their bouts of physical activity by sitting for longer 
periods of time during the remainder of the day [23]. A recent study looking at 
sedentary time among cardiac rehabilitation graduates showed that even among a 
group of patients who are likely more active than those who had not undergone such 
an intervention, sedentary time was high and associated with poorer functional 
capacity [8]. Replacing sedentary time with light or higher intensities of movement 
can likely improve health risk and physical functioning [24–26], especially among 
individuals already at greater risk.



20 Interventions Directed at Reducing Sedentary Behaviour in Persons. . . 577

12 

10 

8 

6 

4 

2 

0 

General population 
Angina 

Coronary heart d
isease 

Myocardial infarction 
Stroke 

Diabetes w/out VI 

Diabetes w/ VI 

Prostate cancer 

Older adults w/ m
obility

 disability
 

Older adults w/ disability
 of ADL 

Depression 

Breast cancer 

Congestive heart fa
ilure 

Fig. 20.1 Objectively measured sedentary time (hours/day) across select disease and disability 
groups. Data come from various publications reporting on sedentary time from the National Health 
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20.2 Current Interventions in Persons with Disease 
and Disability 

A review of the published literature by the author was only able to identify evalu-
ations of nine interventions delivered exclusively to individuals with pre-existing 
disease or disability, including a component targeting sedentary behaviours. The 
diseases and conditions included type 2 diabetes, hypertension, stroke, cancer, 
rheumatoid arthritis, multiple sclerosis, and psychotic disorders. Table 20.1 provides 
a description of all nine interventions and their outcomes. Most of the interventions 
showed promise in reducing sedentary behaviours. Although the interventions 
spanned several diseases/conditions, none addressed specific disabilities or condi-
tions in children. Unfortunately, health promotion and prevention efforts also largely 
overlook people with disabilities [6]. Most of the interventions included multiple 
components; many used pedometers [27, 28, 33] along with face-to-face [28, 30, 32, 
35], group coaching [27, 35, 36], and/or telephone support [28, 30, 36]. One of the 
interventions used one-on-one video coaching sessions in individuals with multiple
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sclerosis [33]. The interventions ranged from 1 to 6 months in duration, and most 
(five out of nine studies) evaluated sedentary time using an objective measure 
(accelerometer or activPAL™). Dosing of the interventions ranged from a single 
visit (to explain the use of a device) [29] to an intervention that included a total of 
11 telephone sessions with a health coach [31]. In addition, two interventions also 
included reminders via text messages [32] and postcard prompts [31]. Other com-
ponents of interventions included a website [33], study newsletter [31], participant 
handbook [31, 36], and/or diary [27, 28, 33, 35, 36].
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Fig. 20.2 NEAT! app and accelerometer and participant responses to reminders [29] 

Only two of the interventions exclusively targeted sedentary behaviours 
[29, 32]. Both interventions incorporated a technological component that provided 
a form of reminder to participants to reduce sedentary time. The use of wearable 
technology was applied in one feasibility study involving individuals with type 
2 diabetes. The study tested a smartphone app (NEAT!) combined with an acceler-
ometer. The NEAT! app provided real-time reminders using noise or vibration to 
prompt participants to stand up after 20 consecutive minutes of sedentary time 
[29]. Figure 20.2 shows both the app and accelerometer used in the study, as well 
as individual participant responses to the reminders. Although the study was small 
and did not include a control group, it showed promising reductions in overall 
sedentary time. Interestingly, the reductions in sedentary time were likely attributed 
to greater break length rather than the increased number of breaks. The study also 
reported a high acceptability of the technology by participants [29]. The other 
intervention to exclusively target sedentary behaviours used a combination of 
three counselling sessions and individual short message service (SMS) reminders 
aimed at reducing sedentary time [32]. This intervention, although underpowered, 
showed promising results for reducing sedentary time and good feasibility [32].
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The two interventions with the most promising reductions in sedentary time 
(versus control) were based on behavioural theories that involved goal setting and 
discussion of barriers and facilitators of behaviour change, targeted both physical 
activity and sedentary behaviours, and used a combination of one-on-one sessions 
and a pedometer [28, 33]. Once again, the use of real-time feedback (i.e. pedometers) 
on behaviours appears to be an important component to helping reduce sedentary 
time among clinical populations. Evidence suggests that feedback and self-
monitoring are promising sedentary behaviour change strategies [37]. The interven-
tion in individuals with type 2 diabetes showed significant reductions in sedentary 
time at 1 year compared to baseline measures [28]. The other, in multiple sclerosis 
patients, reported significant reductions in highly prevalent symptomatic outcomes 
including fatigue, depression, and anxiety [33]. Promising results were also found 
from an 8-week empowerment theory-based intervention targeting sedentary behav-
iours, physical activity, and psychological health among older hypertensive patients 
[35]. The intervention provided examples for reducing sedentary behaviours, used 
goal setting, social support through group discussion sessions, and exercise training 
sessions. A significant between-group difference was observed for self-reported 
weekly sitting time, with the reductions in the intervention group significantly larger 
than those observed in the control group [35]. While the study design was weakened 
by allowing participants to self-select their group (intervention versus control), it 
does represent a more “real-world” scenario where patients may opt into 
programmes that may work best for them. 

20.3 Interventions on the Horizon 

Sedentary behaviours are beginning to gain a great deal of attention as possible 
intervention targets for people living with chronic conditions. More and more 
promising research will continue to emerge. A glance at various trial registration 
sites revealed a number of trials set to examine the effects of interventions targeting 
the reduction of sedentary behaviours among chronically ill populations. Further, 
several protocols for interventions have also been recently published in the peer-
reviewed literature, with findings to come [38–44]. The feasibility of using wearable 
technologies such as the Fitbit® (www.fitbit.com) [40, 41] and the Polar V800 
(Polar Inc., Denmark) [43], and the use of SMS or text messaging to smartphones 
[38], is being tested. 

The Physical Activity Support Kit Initiative (PASKI) is also currently being 
developed to provide a toolkit of resources to help individuals living with chronic 
diseases to “move more and sit less” [45]. The toolkit will provide screening and 
assessment tools, guidance for the prescription of activities, strategies to monitor 
individuals and address barriers, information regarding equipment, and information 
about available community resources. Most promising is that working groups have 
been created to target a variety of chronic conditions with specialists from each 
condition [45].

http://www.fitbit.com
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20.4 Considerations for the Design of Interventions 

When designing interventions for special populations, it is important to consider 
factors related to their disease(s) and/or disability and how these might impact an 
individual’s ability to reduce and break up sedentary time. Some groups will have 
specific barriers and limitations to allocating greater time to higher movement 
intensities. It is essential for intervention designs to consider safety; some groups 
may be at great risk of falls or injury associated with an increase in time spent 
standing or moving. For example, an older frail individual with chronic obstructive 
pulmonary disease (COPD) may be limited not only by symptoms of the disease 
itself but also by their level of frailty, which could lead to musculoskeletal injury. 
This is where it becomes particularly important to assess the appropriateness of the 
intervention goals and establish what amount of reduction is feasible while still 
being meaningful for improving function. In addition, it is necessary to recognize 
that concomitant treatments/factors may be occurring (e.g. cancer treatment, ongo-
ing physiotherapy, medication side effects), and interventions should consider the 
relevance of these treatments to the feasibility of not only participating in the 
intervention but also the capacity to meaningfully reduce sedentary behaviours. 

Additionally, interventions need to consider the feasibility of intervention deliv-
ery. It may not always be possible to use wearable technologies, face-to-face 
coaching, or group settings. In some cases, in-person interventions may be the 
most suitable, but in others, individuals may feel overly burdened by multiple care 
appointments, and a remotely delivered intervention is more appropriate. The 
location of the intervention is also important, as there may be issues with accessi-
bility to facilities stemming from various limitations: financial (e.g. access fees, 
parking fees), geographic (transportation), or physical access (e.g. availability of 
ramps and elevators, accommodations for physical disabilities). It is also likely more 
beneficial to embed interventions into pre-existing programmes of care in order to 
overcome issues of access and finances. 

20.5 Future Directions 

The development of interventions targeting the reduction of sedentary behaviours in 
persons with pre-existing disease or disability is in its infancy. There remain 
numerous diseases, conditions, and disabilities (e.g. type 1 diabetes, cerebral 
palsy, cardiovascular diseases, cancers, COPD, thyroid disorders, osteoporosis, 
mobility disabilities, etc. [not an exhaustive list]) that lack research entirely, and 
child populations have been left unstudied. A recent systematic review of physical 
activity and sedentary behaviour intervention studies in children with type 1 diabetes 
was unable to identify any interventions specifically targeting sedentary behaviours 
[46]. Studies are needed to further demonstrate the feasibility of implementation



within pre-existing clinical care programmes (e.g. cancer care, cardiac rehabilitation 
or physical therapy). 
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The efficacy of technology-based interventions on reduced sedentary behaviours 
has been shown in general population groups [47–50]. Technologies such as wear-
able devices (e.g. Fitbit, Jawbone UP, Polar activity trackers, activPAL3™ VT) and 
smartphone and computer applications have the potential for patients to access real-
time information on their behavioural habits, providing instant and readily available 
feedback and a mechanism for sharing information with members in the circle of 
care. These devices use behaviour change techniques and can assist in goal setting 
and self-monitoring while providing environmental cues to encourage breaking up 
sedentary time, as well as increase activity [51]. The use of text messaging can 
provide a quick, inexpensive, and effective tool for behaviour change [52]. 

Step counters as part of an intervention have been shown to reduce sedentary time 
among adults [53]. Some devices (e.g. Jawbone UP, activPAL3™ VT, Apple 
Watch, Garmin v’ıvosmart® HR) have the capacity to provide prompts or cues 
when prolonged periods of sedentary time occur. Some can also provide further 
information about exercise levels, heart rate, and sleep time. Work is needed to 
compare the different mechanisms of prompting from both a technical and user 
perspective. Future interventions would also benefit from comparing the efficacy of 
and user preference for different types of prompts (e.g. on screen prompts from a 
smartphone versus vibration from a wearable device). 

While there is evidence to show that breaking up prolonged bouts of sedentary 
time is beneficial for cardiometabolic health and physical functioning [54–56], it is 
important to establish safe and feasible recommendations for persons with 
pre-existing disease and disability. To date, standing and moving every 20–30 min 
have been recommended based on available research [54, 57, 58], but it is possible 
that these targets are not manageable for all groups. Many conditions may offer 
further challenges to reducing sedentary time from a symptom or mobility perspec-
tive and should be factored into recommendations around frequency of breaks, 
overall sedentary time reduction goals as well as replacement behaviours. Moving 
from sedentary to light-intensity activity rather than higher intensities may be a more 
feasible approach for some groups and still offer many benefits [59]. Future inter-
ventions would benefit from looking to establish the safety, feasibility, and efficacy 
of sedentary behaviour guidelines with respect to total sedentary time and frequency 
of breaks from sedentary time. 

Many of the interventions tested to date have used smaller, proof-of-concept 
feasibility studies that lack the evaluation components necessary to assess interven-
tion efficacy (i.e. randomization, blinding, control group). As the field moves 
forward, there will be opportunities to learn from the successes of these smaller 
feasibility studies and from the few larger efficacy randomized controlled trials to 
develop solid interventions and improve upon previous methodologies. Researchers 
and practitioners will also need to move forward with effectiveness research to 
establish whether these interventions can be integrated into clinical care practice in 
“real-life” scenarios.
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Finally, as technology for measuring sedentary time and patterns of sedentary 
time improves, studies will benefit from more accurate and objective measures. To 
date, many studies have evaluated the effectiveness of interventions in persons with 
pre-existing disease and disability using self-reported sitting time, mostly using the 
International Physical Activity Questionnaire (IPAQ). Where feasible, interventions 
would benefit from the use of objective measures of sedentary time and activity 
(e.g. accelerometers, activPAL™) to provide more accurate measures of continuous 
movement patterns that include not just total sedentary time, but breaks and bouts, as 
well as time spent in various postures (e.g. sitting, standing, lying). These devices 
also help reduce the possibility of response bias. It is, however, important to 
recognize that there may be challenges and limitations to wearing these in certain 
persons with pre-existing disease and disability. The area of sedentary behaviour 
intervention research in persons with pre-existing disease and disability is very much 
in its infancy. Future work is needed to identify the safety and efficacy recommen-
dations for reducing sedentary behaviours in clinical populations. Interventions 
should consider the challenges to reducing sedentary behaviours in some individuals 
due to factors such as safety, symptoms, and parallel interventions and care, and 
consider integration into pre-existing clinical care programmes. 
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Chapter 21 
Specific Approaches to Reduce Sedentary 
Behaviour in Persons 
with Overweight/Obesity 

Katherine E. DeVivo, Dori Rosenberg, Sara H. Marchese, 
and Christine A. Pellegrini 

Abstract Sedentary behaviour reduction could be a health-promoting strategy for 
individuals with a higher weight who may have substantial barriers to engaging in 
moderate-to-vigorous-intensity physical activity. There has been an increase in 
interventions that explicitly target the reduction of sedentary behaviour in adults 
with overweight/obesity. Based on the current literature, the majority of interven-
tions have small sample sizes and are short term. However, a few trials have included 
larger sample sizes (>150 participants) and suggest that sedentary behaviour reduc-
tion interventions with strong scientific designs can be effective at reducing seden-
tary time and improving health in adults with higher weight. Interventions that were 
found to be effective at reducing sedentary behaviour varied in duration, study 
design, and the intervention mechanisms to target behaviour. Components found 
to be effective at reducing sedentary behaviour include self-monitoring, both active 
and passive, goal setting, and receiving feedback. Additionally, some studies were 
found to have a promising influence on weight-related outcomes (body mass index, 
waist circumference, body weight) and other health-related outcomes. Although 
promising, adequately powered randomised controlled trials, longer interventions, 
and long-term follow-ups are needed to better understand the effects of sedentary 
behaviour reduction interventions in adults with a higher weight. 
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What Is New?
• The chapter has been expanded to include sedentary reduction approaches 

for populations with overweight/obesity published within the last five 
years.

• Approaches to reduce sedentary time are reviewed and discussed based on 
sample size, effectiveness, and intervention duration.

• Limitations and future directions based on the updated literature on seden-
tary behaviour reduction approaches are discussed. 

21.1 Introduction 

Throughout this chapter, we use the terms “overweight” and “higher weight” to 
identify populations with any body mass index (BMI) over 25 kg/m2 . We recognise 
that there is no term or phrase that is preferred by all populations [1]. We also opted 
not to use the term “obese”, unless a study specifically used the term, because this 
term is known to be stigmatising and not preferred among many people with 
overweight or obesity [1]. Furthermore, we are aware that there is no ideal termi-
nology at this point in the field. Because people with a higher BMI have higher 
sitting time on average than populations with a lower BMI, in this chapter, we focus 
on interventions that have targeted individuals with a BMI that indicates overweight 
or obesity. 

Estimates suggest that U.S. adults with higher weight spend up to 9.5 hours per 
day in sedentary behaviour, with the majority of this time accumulated at work and 
in leisure time [2]. Likewise, adults reporting sitting time of ≥8 hours/day are more 
likely to have a BMI >25 kg/m2 as compared to those reporting <4 hours/day of 
sitting [3]. We recognise that little is understood about why populations with higher 
BMI have higher sitting time, and there are likely social and ecologic barriers, 
including systemic racism and weight stigma, that could be impacting such associ-
ations. However, given that over 70% of adults in the United States have a 
BMI ≥ 25 kg/m2 and that high sedentary time has been associated with morbidity 
and mortality in epidemiologic studies [4, 5], it is important to investigate whether 
sedentary behaviour reduction is a feasible behaviour change target for populations 
with barriers to engaging in moderate-to-vigorous physical activity (MVPA) [6, 7]. 

Sedentary reduction programs may also be appealing for those with a higher 
weight, as they may stand to gain the largest health improvements from replacing 
sedentary time with standing, light, moderate, and/or vigorous-intensity physical 
activity. The barriers to MVPA are higher among individuals with a higher weight 
[8]; thus, alternatives that may be more feasible compared to traditional physical 
activity interventions are being examined. Specifically, a growing body of research 
has sought to determine the feasibility, acceptability, and effectiveness of interven-
tions designed to reduce sedentary behaviour either specifically targeting or includ-
ing individuals with a higher weight.
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The benefits of physical activity are well established; however, the amount of 
adults meeting the recommended guidelines is low [9]. Common barriers to regular 
participation in physical activity include lack of time, motivation, and cost 
[10]. Additional barriers specific to populations with a higher weight include antic-
ipated stigma around exercising in public places (e.g., at the gym), mobility-limiting 
comorbidities, displeasure with activity, fear of injury, fatigue, and joint pain due to 
excess weight [8, 11, 12]. These additional barriers may contribute to the lower 
levels of activity observed in adults with a BMI ≥ 25 kg/m2 [3]. 

For those who are unable to meet physical activity recommendations, the 2018 
Physical Activity Guidelines underscore the need for adults to avoid inactivity and 
reduce time spent sedentary [13]. While interventions should continue to promote 
MVPA, targeting a reduction of sedentary behaviour may be an additional strategy 
to help increase overall activity levels and energy expenditure among adults with a 
higher weight. Consistent evidence indicates an inverse relationship between sed-
entary time and light-intensity physical activity [14, 15]; thus, targeting a reduction 
in sedentary time and interrupting prolonged bouts of sitting with short bouts of 
movement may be a helpful starting point for long-term behaviour change related to 
physical activity. A stepwise approach to physical activity counselling that starts 
with targeting sedentary behaviour may be a feasible, first-step recommendation for 
those struggling to meet general activity guidelines [16]. However, it is not clear 
whether targeting sitting reduction is an effective health promotion strategy on 
its own? Targeting a reduction in sedentary time may not only help to lower the 
risk of chronic diseases but may also have implications for weight loss and the 
prevention of additional weight gain. For instance, Levine and colleagues [17] have 
suggested that adults with a higher weight could increase their daily energy expen-
diture by approximately 350 kcal by replacing 2 hours of sedentary time with light-
intensity physical activities such as standing and light ambulation. Although this 
substitution does not produce a substantial increase in energy expenditure, over the 
course of a week, the additional energy expended may aid with weight management. 
Therefore, it is important to examine interventions that target sedentary behaviour in 
adults with a higher weight and explore intervention components that may be critical 
for effectively reducing sedentary behaviour in this population. 

21.2 Effects of Interventions to Reduce Sedentary Time 

Interventions that target sedentary behaviour in adults with a higher weight were 
reviewed, and 27 studies are included and described in Tables 21.1, 21.2, and 21.3. 
The studies included are discussed collectively based on their sample size, effec-
tiveness at reducing sedentary time, and study duration.
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21.2.1 Sedentary Reduction Interventions with Sample Sizes 
>150 Participants 

Three efficacy trials that included larger sample studies and longer-term follow-up 
are reviewed in more detail here and in Table 21.1. Biddle et al. [18] conducted a 
randomised controlled trial including 187 participants (mean age = 32.8 ± 5.6 years, 
68.5% female, 19.8%Black orminority ethnic group, mean BMI= 34.6± 4.9 kg/m2 ) 
who were followed for 12 months. The intervention group received one 3-hour 
workshop, a self-monitoring tool (Gruve device, MUVE, Inc., USA), and one 
follow-up phone call. Sedentary time was measured with both the ActiGraph 
GT3X and the activPAL. There were no between-group differences in either mea-
sure of sedentary time or self-reported sitting time, and there were no changes in 
health outcomes (glucose, insulin, HbA1c, cholesterol). While this study was well-
designed, the results suggest that sedentary behaviour is a complex behaviour 
change and that simple, brief interventions or tools are insufficient for sitting time 
reduction. 

Danquah et al. [19] conducted a cluster randomised controlled trial involving 
317 office workers across 4 workplaces (mean age 46 ± 10 years, 66% female, mean 
BMI 26 ± 4.9 kg/m2 ). The intervention aimed to enhance social support for reducing 
workplace sitting by appointing an ambassador at each site, the agreement of 
management to serve as role models, environmental changes (high tables in confer-
ence rooms and offices and routes for walking meetings), a workshop, and optional 
emails and text messages. The workshop included using sit–stand desks (which the 
participants already had), breaking up prolonged sitting bouts, standing and walking 
meetings, and common goals as well as a health lecture. Sitting time was measured 
with a thigh-worn ActiGraph accelerometer. At 1 month, there was a - 71 minute/ 
day difference in workday (8-hour) sitting time favouring the intervention group and 
a - 48 min/day difference at 3 months). Prolonged sitting periods, standing time, 
steps, body fat percentage, and fat-free mass also significantly improved favouring 
the intervention group. There were no significant differences for sit-to-stand transi-
tions, waist circumference, leisure sitting time, MVPA, or fat mass. This study 
demonstrates the importance of tailoring interventions to the places people spend 
the majority of their time, such as at work. Interestingly, it does not seem that the 
effects of setting specific interventions on reducing sitting time generalise to other 
settings for leisure time sitting. 

A randomised controlled trial including 150 participants with rheumatoid arthritis 
was conducted by Thomsen et al. [20, 21] (mean age 59.6 ± 11.7 years, 81% female, 
mean BMI 26.4 ± 5.4 kg/m2 ). The intervention included three one-on-one motiva-
tional counselling sessions and text messages (set at participants’ preferred fre-
quency and timing with a maximum of one message/weekday) over 16 weeks. 
The main targets of the intervention were to reduce TV viewing, substitute sitting 
with standing at work and home, breaking up prolonged sitting bouts, and limiting 
sitting bouts to less than 30 minutes [47]. Primary outcomes were measured by 
activPAL. Sitting time reduced by -2.2 hours/day favouring the intervention group



(p < 0.0001) at 16 weeks. Standing time increased by 1.5 hours/day favouring the 
intervention group, while stepping time increased about a half-hour per day. Fatigue, 
pain, self-efficacy, and quality of life all improved favouring the intervention group 
at 16 weeks. There were no significant effects on blood pressure, weight, waist 
circumference, BMI, HDL, LDL, triglycerides, or HbA1c at 16 weeks. The 
researchers also examined the maintenance of behavioural and health changes at 
the 18-month post-intervention follow-up. Daily sitting maintained its reduction (-
2.43 hours/day favouring the intervention group). Standing, stepping, fatigue, pain, 
self-efficacy, and quality of life continued to be improved favouring the intervention 
condition. C-reactive protein, swollen and tender joints, HDL, LDL, blood pressure, 
weight, and waist circumference were not significantly different. Glucose, total 
cholesterol, and triglycerides reduced for intervention group participants. Overall, 
the intervention group was able to retain their reductions in sitting time at the 
18-month post-intervention follow-up. Furthermore, it took longer than the primary 
endpoint to see improvements in health markers suggesting that longer studies of 
sitting reduction may be needed to see the full realisation of health effects. The 
intervention targeted people with rheumatoid arthritis, which could indicate sitting 
reduction interventions could be particularly beneficial for people with rheumato-
logical conditions. 
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These three high-quality trials suggest that sedentary behaviour reduction inter-
ventions with robust intervention designs can reduce sedentary time and improve 
health in adults with higher weight. Mobile health tools and environmental strategies 
appeared helpful. On the contrary, very brief interventions may not be as efficacious 
as indicated by the results of Biddle et al. [18]. Furthermore, having access to a sit– 
stand workstation is helpful, but workers often require extra information and support 
to ensure they have a plan for putting the workstation into its standing mode in order 
to displace sitting time. Further trials are needed to confirm these findings in samples 
that include diverse participants, those with higher body weight, and people with 
chronic health conditions. 

21.2.2 Sedentary Reduction Interventions Leading 
to Significant Reductions in Sedentary Behaviour 

Not including the studies already discussed, there were twelve studies that reported 
significant reductions in sedentary behaviour that included adults with a higher 
weight (Table 21.2). The duration of the studies ranged from 4 to 12 weeks 
(4 weeks n = 2, 6 weeks n = 2, 8 weeks n = 3, and 12 weeks n = 5). Five of 
these studies were randomised controlled trials, whereas other study designs include 
quasi-experimental, single-group longitudinal, and feasibility pilot studies. 

Intervention mechanisms to target sedentary behaviour that were found to be 
effective include components grounded in behaviour change theory. Self-
monitoring, goal setting, and receiving feedback on sedentary time were common



approaches used among these interventions, and a wide range of tools and devices 
were used. Some studies used self-reported activity logs to track sedentary behaviour 
breaks and sedentary time [22, 30, 32]. Objective measures such as pedometers or 
activity trackers were also commonly used to help monitor sedentary time and 
provide feedback on their progress towards sedentary reduction goals. For example, 
in a study by Ezeugwu et al. [25], participants were provided with a wrist-worn 
activity monitor to use as a self-monitoring and motivational tool throughout the 
intervention. The monitor provided real-time feedback on daily progress and had 
customizable goal-setting capability. Technology was commonly provided to par-
ticipants and used as part of the interventions for not only self-monitoring purposes 
but also to prompt or interrupt sedentary time. Some forms of technology or 
prompting tools included websites [24, 27, 30], smartphone applications [23, 30, 
31], and wearable devices [23–27, 30, 31, 33]. Additional tools designed to help 
reduce sedentary time included a pedal machine [24] and height adjustable desk [29]. 
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The majority of the interventions used goal setting as a primary intervention 
component to reduce sedentary behaviour. Program goals ranged from reducing total 
sedentary time to increasing sedentary breaks. Some specific examples of sedentary 
reduction goals included: accumulating 30 minutes of activity/non-sitting time by 
standing/moving for 1–2 minutes every 30 minutes or two 15-minute breaks [30]; 
decreasing total sitting time by 2 hour/day through standing/moving and have an 
additional 15 breaks from sitting through the day [32]; setting regular/weekly 
individual sedentary reduction goals with a coach or online program [22, 23, 27, 
28, 32, 33]. 

Objectively measured time spent in sedentary behaviour and daily sitting, stand-
ing, and stepping time as well as sit-to-stand transitions were the most reported 
outcomes. The activPAL accelerometer was the most commonly used tool [25–29, 
32, 33] to assess sedentary behaviour; other instruments included the ActiGraph 
accelerometer [22, 30, 31], the StepWatch physical activity monitor [24], the 
SenseWear Armband [23], and self-reported questionnaires. Findings for each 
study are reported in Table 21.2. Reductions in sedentary behaviour are reported 
in total time per day, total time per week, percentage of time spent in sedentary 
behaviour, etc. The most common report of reductions in sedentary behaviour was in 
minutes per day and ranged from -27 minutes/day [32] to 58 minutes/day 
[24, 33]. Another common outcome measure was the percentage of time spent in 
sedentary behaviour with the largest reduction being 8.1% [31] and others being 
around 5% [23, 26, 28]. Additionally, two studies reported a reduction in the number 
of bouts of prolonged sitting [28, 33].
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21.2.3 Influence of Effective Sedentary Behaviour Reduction 
Interventions on Health Outcomes 

Of the fifteen studies that resulted in significant changes in sedentary behaviour, 
including those with sample sizes >150 participants, nine found promising results 
also influencing additional health outcomes. Considering the population of interest 
for this chapter, it is noteworthy that some of the interventions found significant 
changes in waist circumference [22, 24, 33], total body weight [32, 33], BMI 
[32, 33], and body fat percentage [19]. Rosenberg and colleagues found that in an 
8-week trial [32], BMI reduced by 0.53 points and weight reduced by 1.27 pounds. 
These investigators also found promising results in a 12-week trial [33] with 
participants in the intervention group reducing BMI by 0.31 points and reducing 
weight by 1.8 pounds. Other outcomes that were improved included blood pressure 
[24, 25, 33], both systolic and diastolic, total cholesterol [20, 21], fasting blood 
glucose [21], and peripheral arterial tone-reactive hyperemia [27]. Self-reported 
health, such as fatigue, pain, and quality of life, have shown improvement as well 
[20, 21]. 

21.2.4 Sedentary Reduction Interventions 
with Non-Significant Reductions in Sedentary 
Behaviour 

Many approaches attempted to-date to reduce sedentary time have not led to 
significant reductions in sedentary time; however, as compared to physical activity, 
sedentary behaviour is a relatively new behaviour of interest. As a result, much of the 
sedentary reduction literature has focused on establishing the feasibility, acceptabil-
ity, and safety of new approaches and programs designed to reduce sedentary time. 
Therefore, many of the previously published studies were not powered to detect 
behavioural outcomes. Specifically, 7 studies are included in Table 21.3 with 
intervention durations greater than 1 month, but with non-significant effects on 
sedentary time. The sample sizes of these studies were small, ranging from 33 to 
60 participants. Additionally, many of these new approaches are being tested among 
populations with high prevalence or at high risk of overweight/obesity, including 
adults with stroke [37], multiple sclerosis [44], coronary artery disease [43], and 
older adults [35, 40]. Although not necessarily resulting in significant reductions in 
sedentary time, the majority of these sedentary programs appear to be safe, even 
among the clinical and high-risk populations tested [37, 44]. Further, several studies 
have established preliminary feasibility and acceptability of measuring sedentary 
time using activPALs in various populations [37, 43] or of the use of different 
behavioural approaches to reduce sedentary time, including wearable monitors [40], 
telephone counselling [40], use of prompts [43], and physiotherapist led in-person 
sessions [44].
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21.2.5 Sedentary Reduction Interventions with Interventions 
Durations Less than 1 Month 

Five studies specifically targeted reductions in sedentary behaviour, but with shorter 
intervention windows than the studies described above with either significant or 
non-significant effects on sedentary time. Specifically, studies with intervention 
durations less than 1 month are included in Table 21.3 [38, 39, 41, 42, 45]. Tools 
used included education information [39, 41, 45], pedometers [38, 39], computer/ 
text/phone reminders [38, 45], group discussions [41], goal setting [38, 39, 41], and 
television (TV) lockout devices [42]. These studies suggest that in the short term, 
participants were able to reduce sitting, increase steps, and reduce TV time. 

21.3 Limitations 

Although there has been an increase in the number of studies over the last decade 
examining sedentary reduction interventions among adults with a BMI ≥ 25 kg/m2 , 
the majority of the published literature to date includes many research methodolog-
ical limitations which hinder the ability to draw definitive conclusions. One majority 
limitation to date is the sample size. Only three studies included over 100 participants 
[18–21] (range 150–317). The sample size in all other studies reviewed ranged from 
10 to 60 participants. Many of the studies with smaller sample sizes were pilot 
studies focused on establishing feasibility and acceptability of the intervention. As a 
result, these studies may not have been adequately powered to detect significant 
changes in either sedentary time or other health-related outcomes such as body 
weight. 

A second overarching limitation of the studies reviewed is that few studies 
examined changes in sitting time over one year [18, 21]; all other studies were 
short-term and ranged from one week to 16 weeks. Some of the lack of changes in 
sedentary behaviour or health-related outcomes including weight and BMI could be 
due to the short duration of the studies. Related, as compared to many physical 
activity interventions, many of the studies examined included low-intensity inter-
ventions. For physical activity interventions, increased contact frequency is associ-
ated with increased physical activity levels [48]. Among the sedentary reduction 
interventions reviewed here, many studies did not have regular contact with study 
participants throughout the intervention. Some studies, for example, only included 
the use of reminding or prompting technology to interrupt sedentary time. Concep-
tually, sedentary behaviour and physical activity differ, which means different 
behaviour change techniques may be necessary to modify sedentary behaviour as 
compared to those shown to be effective at changing physical activity. However, the 
lack of changes in sedentary time could also be a result of the lower intensity of the 
interventions.
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Another limitation of the studies reviewed is that the majority of the sedentary 
reduction interventions were not designed specifically for adults with a higher 
weight; however, given the increasing prevalence of adults with a BMI ≥ 25 kg/m2 , 
the average BMI of participants for most of the studies was above 25 kg/m2 . Many of 
the studies did not measure or report changes in body weight or BMI after the 
intervention. Of the studies that did report weight or BMI, there were only a few that 
saw reductions or trends for reductions in either weight or BMI following the 
intervention [32, 33]. Similarly, other health outcomes that showed promising 
effects include blood pressure [24, 25, 33], total cholesterol [20, 21], fasting blood 
glucose [21], and peripheral arterial tone-reactive hyperemia [27]; however, many 
studies did not measure or report these outcomes. 

21.4 Future Directions 

Although the number of sedentary reduction interventions continues to increase, the 
effects of sedentary reduction approaches on sedentary time and longer-term meta-
bolic and cardiovascular health among adults with a higher weight remains unclear. 
Future studies are needed with larger sample sizes, longer interventions, and follow-
up durations. The majority of studies to date focus on establishing the feasibility and 
acceptability of sedentary reduction approaches; as more research suggests these 
approaches are in fact feasible and acceptable, researchers should consider designing 
studies with adequate power to detect reductions in sedentary time. Additionally, 
many of the interventions only included a few behaviour change techniques and little 
to no interventionist/coach contact. Future studies are needed to determine the most 
effective behaviour change techniques for sedentary behaviour as well as the optimal 
frequency of contact to ensure sustained changes in behaviour long-term. The 
multiphase optimisation strategy (MOST) is a framework that can be used to 
evaluate and optimise a behaviour intervention based on set criteria such as effec-
tiveness, affordability, scalability, and efficiency [49]. Factorial experiments 
conducted within the optimisation phase of MOST could help to disentangle com-
ponents or levels of components that are more effective in influencing sedentary 
behaviour reduction, and then these components could be tested together in an 
optimised treatment package within a traditional randomised controlled trial 
design [49]. 

21.5 Summary 

There has been an increase in interventions to target the reduction of sedentary 
behaviour in adults with overweight/obesity. Based on the current review, there have 
not been many studies that have included a larger sample size (>150 participants); 
however, these high-quality trials with large sample sizes do suggest that sedentary



behaviour reduction interventions with strong designs can be effective at reducing 
sedentary time and improving health in adults with higher weight. Interventions that 
were found to be effective at reducing sedentary behaviour varied in duration, study 
design, and the intervention mechanisms to target behaviour. However, components 
such as self-monitoring, both self-reported and objectively measured, goal setting, 
and receiving feedback seemed to be common approaches found in effective inter-
ventions. In addition to reducing sedentary time, some studies were found to have a 
promising impact on weight-related outcomes (BMI, waist circumference, total body 
weight) and other health-related outcomes. However, much work is still needed and 
randomised controlled trials with larger sample sized, longer durations, and follow-
up durations are needed to examine the effects of sedentary behaviour reduction 
interventions on adults with higher weight. 
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Chapter 22 
Programmes Targeting Sedentary 
Behaviour Among Ethnic Minorities 
and Immigrants 

Melicia C. Whitt-Glover, Amanda A. Price, and Breana Odum 

Abstract Sedentary behaviour has been associated with increased morbidity and 
mortality, and successful strategies for addressing it could have major public health 
implications. National objectively monitored and self-report data show higher rates 
of sedentary behaviour among racial/ethnic minority groups compared to whites and 
increasing rates among immigrants the longer they live in the United States. This 
chapter describes the prevalence of sedentary behaviour and factors associated with 
it in racial/ethnic minority groups, including personal characteristics, built and 
sociocultural environments, knowledge/attitudes/beliefs, and historical context. 
This chapter also summarizes findings from interventions focused on decreasing 
screen time/sedentary behaviour among racial/ethnic minority children and adoles-
cents and adults. Given the lack of definitive conclusions about successful strategies 
for addressing sedentary behaviour in racial/ethnic minority groups, the chapter 
concludes with suggestions for the next steps for reducing sedentary behaviour 
using the African American Collaborative Obesity Research Network paradigm as 
an exemplar model for creating culturally appropriate interventions. 

What Is New?
• A systematic review reported that among immigrant children, the average 

sedentary time ranges from one to 3 h per day [1].
• A systematic mapping review showed that among ethnic minority groups in 

Europe, sedentary behaviour is influenced by a wide variety of social and 
cultural factors [2].

• Research on sedentary behaviour among ethnic minorities, immigrants, and 
individuals living in low- and middle-income countries is still sparse. 
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22.1 Introduction 

Sedentary behaviour has been defined by the Sedentary Behaviour Research Net-
work as “. . .any waking activity characterized by an energy expenditure ≤1.5 
metabolic equivalents and a sitting or reclining posture [3]”. In recent years, 
sedentary behaviour has become an area of concern in health-related research 
because of its independent linkages with mortality, even when controlling for 
other health-related behaviours, including weight, diet, and physical activity [4– 
7]. Sedentary behaviour has also been associated with an increased prevalence of 
poor health-related behaviours, such as increased food intake, which can lead to poor 
health outcomes, including obesity, hypertension, type 2 diabetes mellitus, cardio-
vascular disease, certain cancers, and frailty [7–9]. The American Academy of 
Pediatrics currently recommends avoiding using television and other entertainment 
media before the age of 2, limiting television time to <2 h daily after age 2, and 
removing television sets from children’s bedrooms [10]. Historically, the push to 
achieve national recommendations for daily physical activity among adults has not 
included recommendations for reducing sedentary behaviour. Although there are 
still no specific national recommendations for screen time and sedentary behaviour 
for adults, the 2008 Physical Activity Guidelines for Americans suggest that adults 
should “avoid inactivity” [11, 12]. 

22.1.1 Sedentary Behaviour Prevalence 

The National Health and Nutrition Examination Survey (NHANES) is the only 
national surveillance system that provides objectively monitored measures of phys-
ical activity and sedentary behaviour. NHANES has been used to assess health and 
nutrition among children and adults in the United States through a combination of 
interviews and physical examinations since the 1960s. In 2003, NHANES began 
using accelerometers in a subsample of respondents to collect population-level 
estimates of physical activity. Data from NHANES 2003–2004 showed that children 
aged 6–11 years spent 5.9–6.1 h per day in sedentary behaviour [13]. Adolescents 
aged 12–15 years spent 7.4–7.6 daily hours in sedentary behaviour, and young adults 
aged 16–19 years engaged in 7.6–8.2 daily hours of sedentary behaviour. Data from 
3725 adults who participated in NHANES 2005–2006 showed that of the~14 h of 
daily wear time, adults spent ~478.9 min per day (~8 h per day) engaged in sedentary 
behaviour, which did not include sleeping [14]. Among older adults, data from 
NHANES 2003–2006 showed that adults >60 years of age were sedentary for 
~516.7 min per day (~8.6 h per day) [15]. In all cases, sedentary behaviour was 
higher among racial/ethnic minority groups compared to whites. Studies assessing 
sedentary behaviour via self-report have also identified higher prevalence of seden-
tary behaviour in racial/ethnic minority groups compared to whites, though all 
groups tend to underestimate sedentary behaviour and overestimate physical activity



when self-report measures are used [16, 17]. For more details on the prevalence of 
sedentary behaviour among children and adults, please refer to Chap. 2. Data on 
sedentary behaviour among immigrants in the United States show patterns that are 
similar to racial/ethnic minority groups living in the United States. A small study of 
Latina immigrants residing in Alabama showed a positive association between the 
number of years living in the United States and sedentary behaviour [18]. A study of 
~2000 Chinese men and women living in New York City evaluated the impact of 
immigration on obesity and related risk factors [19]. Physical activity at work, during 
travel, and during recreational activities was assessed using a questionnaire. When 
the leisure-time physical activity was considered, Chinese immigrants living in the 
United States for >15 years had higher odds of being physically active than those 
living in the United States for <15 years. Interestingly, newer Chinese immigrants 
(those residing in the United States <5 years) had higher odds of engaging in work-
or travel-related physical activity than Chinese immigrants living in the United 
States >6 years, suggesting that acculturation may reduce incidental daily physical 
activities that are associated with sedentary behaviour even while increasing pur-
poseful leisure-time activities associated with exercise or physical fitness. Similar 
linkages between acculturation and increased sedentary behaviour have also been 
observed among youth [20]. 
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22.2 Strategies to Address Sedentary Behaviour Among 
Racial/Ethnic Minorities 

Because the concept of addressing sedentary behaviour is fairly new, there have been 
limited interventions focused on reducing sedentary behaviour. Most studies have 
focused on reducing television, video games, and computer use (i.e. screen time) in 
children and adolescents through school, after-school, or summer camps and family-
based, or clinical settings. Few studies have included large samples of racial/ethnic 
minority or immigrant populations. A 2012 systematic review of interventions to 
reduce screen time in children <12 years of age identified 47 studies, 29 of which 
“. . .achieved significant reductions in TV viewing or screen-media use” [21]. Of the 
47 studies identified, only 14 included racial/ethnic minority children. Studies that 
included racial/ethnic minority children in school-based settings primarily focused 
on educating children on strategies for decreasing sedentary behaviour, and most 
showed little or no impact on sedentary behaviour or television viewing/screen time. 
Studies in home and community-based settings intervened through family counsel-
ling and education or alternative activities (e.g. a soccer programme) and showed no 
or modest changes in media use/screen time or small reductions in household 
television viewing, meals eaten while watching television, and having the television 
on while no one was watching. Videotape and videogame usage did not appear to be 
impacted by intervention strategies. Clinic-based studies primarily focused on edu-
cation and counselling by clinic staff, and most showed increases in the percentage



of parents who self-reported that children watched <2 h of television daily and did 
not watch television during meals. There was no apparent impact on screen time in 
the one clinical study where an electronic monitor was used [22]. Other reviews of 
the literature on reducing screen time in children have drawn similar conclusions— 
findings from intervention studies have been inconsistent, none have demonstrated 
long-term impact, and additional research is needed [23–25]. The review by Schmidt 
and colleagues is the only one that provided information about and focused assess-
ment of the inclusion of racial/ethnic minority groups in study samples included in 
their review [21]. 
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Very few intervention studies have specifically focused on reducing sedentary 
behaviour among adults. Several studies have evaluated strategies for reducing 
sedentary time in workplace settings (see Chap. 18 for more details), including 
sit/stand and treadmill workstations, changing workplace layouts to require more 
walking (e.g. locating printers further away from workstations), organizational 
policies to promote physical activity (e.g. exercise breaks, walking meetings), and 
education and reminders (e.g. stair prompts) to encourage reductions in sitting [26– 
28]. A recent Cochrane review identified 20 qualitative and 6 quantitative studies 
focused on reducing sedentary time in workplace settings in adults [28]. Unfortu-
nately, the studies identified did not include sufficient numbers to assess the impact 
of such interventions among racial/ethnic minority populations. Previous reviews of 
the literature have described findings from studies focused on increasing physical 
activity levels among sedentary/low-active adults from racial/ethnic minority 
communities, presumably by increasing physical activity and reducing sedentary 
behaviour [29]. Most of these studies have focused on women, citing men as a hard-
to-reach population, and the majority of studies have focused on African American 
and Hispanic communities. Intervention strategies have included individual- and 
group-based interventions performing supervised and unsupervised physical activity 
across a variety of settings [29–34]. In general, studies show mixed results, with 
some describing modest increases in post-intervention physical activity levels and 
others showing little or no impact. None of the studies focused on racial/ethnic 
minority adults have identified strategies for long-term and sustainable increases in 
physical activity. 

22.3 Factors Associated with Sedentary Behaviour 
in Racial/Ethnic Minority Groups 

Sedentary behaviour has been associated with a variety of personal and environ-
mental (built and sociocultural) characteristics. Female gender has been associated 
with sedentary behaviour in some racial/ethnic minority groups, primarily because 
of competing responsibilities of childcare and household duties that limit availability 
for participation in leisure-time physical activity or raise feelings of guilt for 
engaging in physical activity given more pressing demands [35–38]. The demands



of family, caregiving, and household duties may leave some women feeling too 
exhausted to engage in physical activity and may make rest/sedentary behaviour 
necessary to continue fulfilling daily duties. Concerns of safety for girls engaging in 
outdoor physical activity or active transportation [39], feelings among girls of being 
incompetent or embarrassed during physical activity and preferring to engage in 
sedentary behaviour rather than participate in physical activity [40], concerns about 
personal appearance and preference for sedentary behaviour to preserve hairstyles 
[41], feelings among girls that physical activity is “babyish” and better suited for 
boys [40], and preference for a larger body type that is more supportive of sedentary 
behaviour than engaging in physical activity [41] also influence sedentary behav-
iour. Age is another personal characteristic that can influence sedentary behaviour, 
particularly in the presence of chronic diseases associated with increasing age, which 
can influence both willingness and ability to engage in physical activity due to 
complications from disease and/or fear of further injury or death, leading to 
increased sedentary behaviour [42–44]. Several factors in the built environment 
have been shown to influence sedentary behaviour, including living in 
neighbourhoods that are older and/or suburban without walkable destinations 
[45, 46]. 
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Sociocultural preferences can also impact choices to engage in sedentary behav-
iour in racial/ethnic minority communities. Data suggests that seeing others exercis-
ing in one’s neighbourhood can influence physical activity levels, though the 
influence can be either negatively or positively correlated, depending on the popu-
lation subgroup [47–50]. It stands to reason that not seeing others in one’s 
neighbourhood exercising can deter participation in physical activity, possibly due, 
again, to concerns about safety, appearance, or embarrassment. Cultural preference 
for sedentary behaviour particularly when gathering with friends and family mem-
bers (e.g. eating, sitting, and visiting) and the importance placed on engaging with 
friends and family members could influence sedentary behaviour in racial/ethnic 
minority groups. Culturally specific knowledge, attitudes, and beliefs about the 
importance of rest relative to physical activity/exercise can also influence sedentary 
behaviour. A qualitative study by Airhihenbuwa and colleagues reported on ten 
focus groups with African American men and women [51]. The identified themes 
indicated that participants felt that rest was more important than physical activity for 
good health and that most African Americans obtained sufficient physical activity 
through daily lifestyle because of a perceived higher prevalence of occupations 
requiring manual labour and physically demanding household activities. At least 
one physical activity intervention study among African American women noted that 
women who successfully met the national recommendation for daily physical 
activity (>30 min) rewarded themselves by resting more, indicating the additional 
rest was necessary to maintain levels of increased physical activity (Whitt-Glover, 
unpublished data from references [52 and 53]). Although not focused specifically on 
racial/ethnic minority groups, a study of obese adolescents identified a similar 
pattern; when obese youth engaged in high-intensity exercise in morning exercise 
sessions, they compensated by reducing physical activity energy expenditure in the 
afternoon [54].
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Concerns about safety may be an additional cultural factor that can influence 
sedentary behaviour. As mentioned previously, concern for the safety of girls and 
women exercising outside or engaging in active transportation can influence seden-
tary behaviour. Additional safety concerns related to racial profiling have contrib-
uted to sedentary behaviour and reluctance to engage in outdoor physical activities, 
like jogging, among African American men [55]. Other racial/ethnic subgroups, 
particularly undocumented immigrants, may face similar fears with regards to 
exercising in public places, thus leading to increased sedentary behaviour. Sedentary 
behaviour, particularly television viewing, may be used as a coping behaviour for 
daily stressors. In a study of ~3200 adults involved in the Coronary Artery Risk 
Development in Young Adults Study, discriminatory experiences were associated 
with increased screen time among African American men [56]. Stressors associated 
with lower income/high poverty, unemployment or underemployment, and systemic 
racism might be positively associated with sedentary behaviour in other population 
subgroups as well, though additional studies are needed to confirm this hypothesis. 

22.4 Suggested Next Steps for Addressing Sedentary 
Behaviour in Racial/Ethnic Minority Groups 

Given the limited number of studies focused on sedentary behaviour among racial/ 
ethnic minority groups and immigrants, and the increasing interest in addressing 
sedentary behaviour because of the negative health impact, strategies that can 
successfully address and decrease sedentary behaviour are needed. Most of the 
published systematic reviews and meta-analyses on the impact of interventions to 
reduce sedentary behaviour identified small numbers of racial/ethnic minorities as a 
limitation. A review of parenting and childhood obesity research noted that under-
representation of individuals from specific demographic groups hinders generaliz-
ability of study findings and suggests that input from a diverse set of individuals and 
groups is necessary to ensure that study findings are applicable to a wide range of 
population subgroups [57]. 

The African American Collaborative Obesity Research Network (AACORN) has 
developed an exemplar paradigm for use in addressing weight and related behav-
iours in African American communities [58]. The paradigm suggests that a broad 
approach that is informed by knowledge of life in African American communities is 
needed to create holistic approaches that embrace and reflect social and cultural 
perspectives of the community (Fig. 22.1). The AACORN paradigm suggests that 
consideration of a variety of “lenses” or perspectives—including those of 
researchers who are outside the research communities (e.g. researches whose race/ 
ethnic backgrounds do not reflect the communities on which interventions are 
focused), researchers who are part of the research communities based on race/ethnic 
background, and the community members who are the focus of interventions is 
critical for creating strategies that appropriately reflect the communities of



intervention focus. The AACORN paradigm also suggests that intervention strate-
gies should take into account cultural and psychosocial processes, historical and 
social contexts, and physical and economic environments, all of which influence 
how and why individuals in communities choose to engage in behaviours. Other 
racial/ethnic minority groups (e.g. Hispanics) are beginning to adapt the AACORN 
paradigm to design culturally relevant interventions (personal communication with 
David Marquez). 
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Fig. 22.1 The expanded obesity research paradigm of the African American Collaborative Obesity 
Research Network (AACORN) 

The AACORN paradigm is an example of how the factors, mentioned above, that 
influence sedentary behaviour can be incorporated into strategies to address seden-
tary behaviour in racial/ethnic minority groups. For example, in addition to provid-
ing education in adults, a successful strategy for addressing sedentary behaviour 
might incorporate the importance of family/friends, caregiving duties, and safety by 
suggesting family-based physical activities and emphasizing the importance of 
engaging in physical activity in addition to existing daily activities. Interventions 
could specifically target the sedentary times during the day and influence those rather 
than suggesting participants identify additional time to engage in leisure or exercise-
related activities. Identifying strategies to address sedentary behaviour that are free 
or low cost could alleviate any socioeconomic concerns. Soliciting input from 
members of the communities in which interventions would be implemented would 
be helpful for incorporating additional feedback.
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The AACORN paradigm is one example of addressing sedentary behaviour in 
racial/ethnic minority communities. Even if the AACORN paradigm is not used, 
what is evident is that sedentary behaviour is high in racial/ethnic minority commu-
nities; morbidity and mortality associated with sedentary behaviour are also high in 
racial/ethnic minority communities. Identifying successful paradigms and strategies 
to address sedentary behaviour in high-risk communities is a critical need. 

22.5 Summary 

Although intervention strategies have addressed sedentary behaviour in children, 
few studies have included a sufficient number of racial/ethnic minority children. 
Studies have shown mixed short-term and no long-term success. Almost no inter-
ventions have addressed sedentary behaviour in adults outside workplace settings, 
and participation of racial/ethnic minority groups in studies of adults is sparse. This 
chapter provided insight into the prevalence of sedentary behaviour in racial/ethnic 
minority groups, a review of strategies to address sedentary behaviour in racial/ 
ethnic minority groups, and suggestions for how to improve interventions to address 
sedentary behaviour in the future. As sedentary behaviour has been deemed “the new 
smoking” because of its direct contribution to morbidity and mortality, identifying 
successful strategies to address sedentary behaviour in high-risk communities have 
the potential for a major public health impact. 
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Chapter 23 
Sedentary Behaviour at the Community 
Level: Correlates, Theories, 
and Interventions 

Krista S. Leonard, Sarah L. Mullane, Mark A. Pereira, 
and Matthew P. Buman 

Abstract This chapter provides an overview of sedentary behaviour correlates, 
theories, and interventions in youth communities (schools), adult communities 
(worksites), and neighbourhoods. Within each community, we identify and discuss 
(a) observational and experimental studies examining the correlates of sedentary 
behaviour; (b) demographic, psychosocial, and environmental factors that influence 
sedentary behaviour (including sedentary behaviour during the COVID-19 global 
pandemic); and (c) intervention designs and outcomes targeting sedentary behav-
iour. How technological advances and media influence may impact public awareness 
and intervention design is discussed. We also highlight the roles and responsibilities 
of both research and public health organisations to promote healthy behaviours. 
Finally, we evaluate community-based interventions to provide recommendations 
and future directions. We conclude that the barriers and challenges faced at the 
community level for reducing sedentary behaviours may vary per community setting 
and type. Ultimately, multi-level strategies and collaborative practices, across mul-
tiple settings that target sedentary behaviour as an independent risk factor, are 
needed to improve the efficacy of community-level interventions and increase the 
potential for future dissemination. 
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What Is New?
• The impact of the COVID-19 pandemic on sedentary behaviours in 

schools, workplaces, and neighbourhoods is discussed.
• Additional evidence of observational studies of the neighbourhood envi-

ronment and sedentary behaviour is included.
• Further evidence for the evolution of community-based interventions 

targeting sedentary behaviour is discussed.
• Following advancements in technology, more evidence for the role of 

technology and media in decreasing sitting time is further discussed. 

23.1 Models and Theories of Community-Level Sedentary 
Behaviour 

Community-level settings—schools, worksites, neighbourhoods, and other public 
spaces—have been shaped to minimise human movement and muscular activity 
[1, 2]. This minimisation of human movement within these public settings has been 
exacerbated by the shelter-in-place recommendations and transition to virtual work 
and school environments due to the COVID-19 pandemic [3, 4]. Ultimately these 
settings have caused people to move less and sit more. Influences on sedentary 
behaviour can be considered across five domains: demographic, biological, psycho-
social, behavioural, and environmental [5]. We discuss numerous demographic, 
psychosocial, and environmental factors that influence community-level sedentary 
behaviour within three main environments—youth communities (schools), adult 
communities (worksites), and both adult and child communities (neighbourhoods). 
For biological and behavioural factors at the individual level, see Chaps. 5 and 16. It  
is important to clearly distinguish sedentary time, the exposure of interest in this 
chapter, from overall physical activity. This distinction forms the foundation of 
sedentary behaviour evolution that is prominent at the community level and has 
shaped measures and interventions in recent years. We posit correlates and determi-
nants of community-based sedentary behaviour across schools, worksites, and 
neighbourhoods (see Fig. 23.1) play a pivotal role in the design, feasibility, and 
efficacy of community-level interventions. 

23.1.1 Theoretical Overview: What Is Sedentary Behaviour? 

In the free-living, full-functioning, healthy population, sedentary behaviour can be 
defined as spending time in a seated or reclining posture with low levels of energy 
expenditure, <1.5 metabolic equivalents (METs) [6]. Activities that involve sitting 
are most often assessed for estimating the quantity of time an individual is sedentary. 
Most common sedentary activities are sitting while watching television, using a



computer, playing video games, board games, card games, sewing, talking on the 
telephone, and reading, working in sedentary occupations that require sitting while 
doing paperwork, computer work, phone calling, business meetings, etc., and sitting 
while transporting by car, bus, train, plane, ferry, etc. Due to measurement chal-
lenges, it is often difficult to distinguish sedentary time from light physical activity 
that includes standing, “fidgeting”, and “moving about” intermittently. It is 
suggested that increases in sedentary lifestyles, urbanisation, and changes in 
modes of transportation each have a contributory effect to the rising rates of 
sedentary behaviour [6, 7], all of which can be targeted at the community level. It 
is important to note that evidence regarding how the recent COVID-19 pandemic has 
influenced sedentary behaviours has begun to emerge. This chapter reflects on the 
impact of COVID-19 on sedentary behaviours across the community-level settings 
of schools, workplaces, and the neighbourhood in Sect. 23.1.5. 
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Fig. 23.1 A summary of the community correlates and determinants of sedentary behaviour 

23.1.2 Schools: Youth Communities 

Children are naturally born active [6, 8] but are exposed to opportunities and 
environments that cause them to be sedentary on a daily basis [9–11]. Sedentary 
behaviour for children may include sitting in the classroom, sitting during lunchtime, 
watching TV, playing computer games, completing homework, and passive trans-
port [12–14]. Most commonly, childhood sedentary behaviour is measured in 
relation to “screen time”, however, non-screen time sedentary behaviour accounts 
for 54% to 60% of overall sedentary time in school-aged children [15, 16]. The



education system is influential during the early stages of psychosocial and physical 
development, as children spend >40% of their waking time in school [17]. American 
children spend an average length of 6.8 hours per day, or ~ 34 h per week, at school. 
Two recent studies observed that children and adolescents spend 54% to 77% of 
their school-time in sedentary behaviours and only 3% to 22% of their school-time in 
moderate or vigorous physical activity globally [18–20]. Time at school is respon-
sible for the highest proportion (44%) of all non-screen sedentary time in children 
[18]. Therefore, the school environment presents an opportune community setting 
for sedentary behaviour reduction strategies [12, 19]. 
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23.1.3 Workplaces: Adult Communities 

Sedentary behaviour is still a widely unrecognised risk in many worksites as the 
design of those environments has evolved to facilitate excessive bouts of prolonged 
sedentary time. Moderate-to-vigorous physical activity has been engineered out of 
many workplaces by shifting work toward service economies (away from 
manufacturing) and associated technological advances (e.g., email, telephones, 
computer networks). Over the past 50 years, the percentage of jobs in the US 
involving moderate-to-vigorous physical activity has fallen, with 64% of jobs 
requiring sedentary behaviours or minimal physical activity [21]. American adults 
currently spend over 7.7 h/day engaged in sedentary behaviour, most of which 
occurs at work, where 70% to 90% of their time is spent sitting [6, 22–25]. Further, 
adults do not appear to compensate for excessive sedentary time during work by 
increasing light physical activity or moderate-to-vigorous physical activity after 
work, particularly if workers reported experiencing fatigue following a typical day 
at work [26]. Thus, the workplace serves as a critical setting for sedentary behaviour 
reduction strategies in adults. 

23.1.4 Neighbourhoods: Adult and Child Communities 

The neighbourhood around which the individual resides has many important char-
acteristics that may influence the individual’s physical activity. Neighbourhoods, by 
definition, pertain to a formed community within a town or city and can therefore be 
used as a platform for community-level sedentary behaviour reduction strategies 
targeting both adult and youth populations. Recent reviews have emerged on 
theoretical models of how neighbourhood characteristics impact physical activity 
and sedentary behaviour [27–30]. A common model discussed is the socioecological 
model with the individual at the centre and a number of layers of influence extending 
outward. For more details on the ecological model as applied to sedentary behaviour, 
see Chap. 15. Theoretically, environmental characteristics that limit opportunities to 
sit and promote opportunities to stand and move about are key parameters that need



to be examined as important environment stimuli towards reducing sitting and 
increasing light activity, while not necessarily increasing physical activity in the 
traditional sense as defined above. The design and social and cultural structure, 
including many aspects of the built environment, natural environment, government 
policies, crime rates and perceived safety, economic factors, and weather/climate are 
all examples of neighbourhood and surrounding community characteristics that can 
influence sedentary time, independent of any influence on physical activity. 
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Theoretically, if an environmental feature, however specifically or broadly 
defined, is hypothesised to trigger, whether in subtle or more direct/obvious ways, 
opportunities to sit or lie down, or opportunities to stand and move, then that feature 
needs to be given attention when we assess ways that our environment might be 
importantly impacting sedentary behaviour. We can then move forward to inform 
the design of possible interventions at the neighbourhood level to influence the 
sedentary behaviour of the neighbourhood population. We discuss the potential 
demographic, psychosocial, and environmental factors stemming from schools, 
workplaces, and neighbourhoods, such as the community climate or culture [31], 
grade level [32], socioeconomic impacts [33], and more indirect factors such as 
attitudes towards active transport [34, 35] and climactic barriers [36], that may 
influence sedentary behaviours at the community level. 

23.1.5 COVID-19 and Sedentary Behaviours 

On March 11, 2020, the World Health Organisation (WHO) declared the COVID-19 
outbreak to be a pandemic. Following this declaration, many countries released 
social distancing, confinement, and shelter-in-place rules and recommendations. 
Increases in sedentary behaviours have since been exacerbated by the COVID-19 
pandemic globally. Due to elements of the individual (e.g., illness, fear) and 
environment (e.g., shelter in place, school closures), the COVID-19 pandemic itself 
has resulted in an increase in sedentary behaviours across all contexts of the 
community. These behavioural patterns were apparent even early into the pandemic. 
Dunton et al. [37] found that parents perceived decreases in their children’s (ages 
5–13) physical activity and increases in their sedentary behaviours from 
pre-COVID-19 (February 2020) to early-COVID-19 (April–May 2020). Moreover, 
parents reported that children engaged in 90 minutes of sitting due to remote 
learning/online school and over 8 hours of leisure-related sitting a day. Similarly, 
decreases in physical activity and increases in sedentary behaviours were found in 
Canadian children (5–11 years) and youth (12–17 years) [38]. Xiang et al. [39] 
conducted a natural experimental longitudinal study in 2426 children and adoles-
cents (6–17 years) in China from January 2020 to March 2020. Time spent in 
physical activity significantly decreased while total screen time increased during 
the pandemic by 30 hours per week. This is in line with research showing that screen 
time, particularly online/video gaming, has exponentially increased throughout the 
COVID-19 pandemic [40–42]. Sedentary behaviours have also increased among



university students globally following the COVID-19 pandemic, particularly due to 
confinement rules [43–46]. Similarly, a study conducted in Spain found that in a 
sample of 3800 healthy adults (18–64 years), self-reported physical activity signif-
icantly decreased (17% decrease in vigorous physical activity; 58% decrease in 
walking) while sedentary time increased by 24% during the confinement period 
due to the pandemic; these changes were more apparent in men than women [47]. 
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Within the work context, sedentary behaviours have increased drastically follow-
ing the COVID-19 pandemic. Prior to the pandemic, research showed that a flexible 
work policy (i.e., allowing work from home) resulted in an increase in sitting time 
[48]. Following the pandemic, approximately 72% of US workers shifted to working 
entirely from home in May–June 2020, compared to 8% in February 2020, with 
some organisations making the switch to working from home a permanent one 
[49, 50]. Unsurprisingly, McDowell et al. [51] found that in 2303 US adults, self-
reported sitting time was higher in those who began working from home due to 
COVID-19 compared to those who remained working in their workplace. In a survey 
of 3607 employees from eight US companies, 51% of respondents reported an 
increase in screen time from before to during the pandemic, whereas only 2.7% 
reported a decrease in screen time [4]. Similarly, Gibbs et al. [49] examined the 
longitudinal impact of COVID-19 on sedentary behaviours among 112 US desk 
workers and found over an hour per day increase in total sedentary behaviours from 
before to during shelter-at-home recommendations (i.e., remote work). Fukushima 
et al. [52] surveyed 1239 workers in Japan and found that sedentary behaviours 
during work hours were almost 2 hours higher in those working from home 
compared to those not working from home. 

While the global shelter-in-place recommendations have resulted in an overall 
increase in sedentary behaviours, this decrease has been more apparent in some 
environment than others. Mitra et al. [53] sought to examine how changes in 
physical activity and sedentary behaviours were associated with the built environ-
ment in children and youth (5–17 years) in Canada. One month after the announce-
ment of the global pandemic, children and youths’ physical activity decreased, 
whereas sedentary behaviours increased. Further, the investigators found that chil-
dren and youth living in houses, living further from a major road (e.g., highway), and 
living in a low-density neighbourhood, were more likely to increase outdoor activity 
compared to children and youth living in apartments, living close to a major road, 
and living in high-density neighbourhoods, respectively. These findings highlight 
the importance of characteristics of neighbourhood environments on physical activ-
ity and sedentary behaviours during the COVID-19 pandemic and can be used to 
inform public health policies to prepare for future pandemics. 

In summary, researchers’ fear that the lasting effects of the COVID-19 pandemic 
will be unknown for some time and that decreases in physical activity and increases 
in sedentary behaviours during the COVID-19 pandemic may long persist even after 
life begins to “return to normal” [54]. Researchers have suggested that future 
interventions addressing the immediate and lasting effects of the COVID-19 pan-
demic on physical activity and sedentary behaviours should take a multi-level



approach (e.g., social-ecological model) to address strategies at all levels (e.g., 
policy, community organisations, educators, healthcare providers, parents, etc.) [55]. 

23 Sedentary Behaviour at the Community Level: Correlates, Theories,. . . 637

23.1.6 Demographic Factors 

At the school community level, recent research has identified several demographic 
associations between sedentary behaviour and the school environment. A study of 
adolescents (n = 970) aged 10–13 years in Finland wore accelerometers for seven 
consecutive days five times during a two-year follow-up period [56]. The results 
indicated that adolescents spent 40–43 min/hr. in sedentary time and 2–3 min/hr. in 
moderate-to-vigorous physical activity during school. Further, sex differences were 
apparent; girls spent a significantly larger amount of school-time in sedentary 
activities (42–45 min/hr) than boys (38–41 min/hr), and spent less time in moderate-
to-vigorous physical activity (2–3 min/hr. versus 3–4 min/hr). These observations 
are supported by previous research that identified sex as a main predictor of weekday 
sedentary behaviour in adolescents; higher levels of objective sedentary behaviour 
levels were detected in girls compared to boys. A similar relationship was also 
observed in countries such as Brazil [57, 58] and Canada [59]. Progression into 
higher education is also associated with increased pressure to study and accompa-
nying prolonged periods of sitting [32]. Conversely, curriculum activities at lower 
grade levels may change from interactive motor skill learning and development (that 
may require more movement) to more traditional academic learning at higher grade 
levels. 

In a recent study, desk-based employees reported more than three-quarters of 
their daily sitting being accrued during occupational pursuits [23], representing a 
substantial amount of overall sitting being accounted for within this context. Among 
demographic correlates, age appears to be an important correlate of sedentary 
behaviour. A review found that some studies have reported older age is associated 
with higher occupational sedentary behaviour whereas one reported older age is 
associated with less occupational sedentary behaviour [60]. Furthermore, individuals 
with higher body mass index (BMI) reported greater occupational sitting [60]. Two 
recent cross-sectional studies of US adult workers revealed that gender was a strong 
correlate of occupational sedentary behaviours; women sat longer during the work-
day, whereas men stood more during the workday [61, 62]. Further, studies have 
shown that individuals with a higher/advanced education and higher income sit more 
during work compared to individuals with a lower education and lower income, 
respectively [60, 61]. A recent study of European adults identified the type of 
occupation as the strongest predictor of sitting time. Specifically, adults with 
white-collar jobs were at the highest risk of high sitting time (e.g., >7.5 h/day) 
[60, 63]. Further, other studies have shown that private sector employees and office 
workers sat more during work compared to public sector employees and non-office 
workers, respectively [24, 60, 64]. Full-time employees reported higher levels of 
occupational sitting than part-time employees. Finally, time during the workday also



appears to be associated with sitting and standing time. In a sample of working adults 
in Japan, temporal associations with device-based sedentary behaviours were exam-
ined on both working and non-working days [65]. On both working and 
non-working days, time spent in sedentary behaviours was lowest during the morn-
ing (6:00–11:59) and highest in the evening (18:00–23:59). This temporal pattern is 
supported by other research as well [66]. The authors suggested these temporal 
associations may be due to the interaction between physical and psychological 
conditions (e.g., more energetic in the morning after sleep), basic lifestyles (e.g., 
engaging in working tasks by daylight), and social structures (e.g., scheduled 
working). 
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The resources available to a community (money, time, space, and staffing) may 
affect sedentary behaviours. It is reported that schools in low-socioeconomic (SES) 
communities have a distinct lack of social, financial, and instructional resources 
[67]. Such resource constraints may restrict the time, space, and staffing available to 
implement innovative teaching and workplace or neighbourhood strategies that aim 
to reduce sedentary behaviour. A recent study investigating differences in knowl-
edge and behaviours related to active living between schools with contrasting SES 
and racial characteristics in the US found that adolescents in the low SES school had 
higher sedentary behaviours and lower physical activity and fitness knowledge 
compared to adolescents in medium SES schools [33]. Further, adolescents in the 
low SES school engaged in more TV viewing, video games, and cell phone use 
compared to adolescents in the medium SES school. In addition to the low physical 
activity and fitness knowledge in adolescents at the low SES school, the investiga-
tors posited that the SES-based disparity in sedentary behaviours may be due to other 
factors such as lack of resources (e.g., time, financial, etc.). Nevertheless, the school-
level SES-based disparities suggest future research is needed to identify how to best 
close these gaps and also provide important public health implications suggesting 
policy makers and educational professionals may want to allocate more resources 
and efforts to help minimise these disparities. Other demographic comparisons are 
more inconsistent. In a baseline cohort of children and adolescents in Spain, socio-
demographic and family circumstances were differently associated with sedentary 
behaviours based on domain-specific sedentary behaviours and sex [68]. For exam-
ple, paternal university education level and maternal occupation were associated 
with higher total sedentary behaviours on weekdays in boys only, whereas maternal 
university level education was associated with higher education-based sedentary 
behaviours in girls only. 

23.1.7 Psychosocial Factors 

Understanding and changing behaviour at the community level is highly dependent 
on what is considered “acceptable behaviour”. The social norms and policies in a 
school or workplace environment are highly dependent upon the “school climate” 
[31] or worksite culture. The school or worksite climate is dictated by the attitudes of



all community members. Historically, the school classroom is seen as a place for 
children to remain seated at their desk, and often children are instructed to engage in 
“seatwork” [69]. Remaining seated and present at your desk may also be considered 
a desirable characteristic in the workplace. Conversely, both in the workplace and 
school environment, leaders or teachers may use standing as a tool to direct attention 
to a staff member or student. Fewer psychosocial correlates have been identified for 
occupational sitting. Lafrenz et al. found that higher enjoyment of breaks from 
sedentary behaviour as well as higher perceived direct supervisor support of active 
breaks were associated with less sedentary behaviours during the workday 
[70]. Also, Wilkerson et al. found that employees with higher barrier self-efficacy 
of standing (i.e., higher confidence to overcome barriers that impede the ability to 
reduce sitting), higher use of self-regulation strategies (e.g., standing breaks), and 
positive social norms were associated with higher standing time during work 
[62]. However, some research has shown that employees sit more during work 
because they believe it is the norm, whereas standing is counter-normative and 
may distract colleagues [71]. Other correlates of occupational sitting include per-
ceived behavioural control (i.e., “it is my choice whether I stand up or sit at my desk 
while I work”), perceived advantages of sitting less, and habit strength. Specifically, 
increasing perceived behavioural control and increasing perception of the advan-
tages of reduced sitting is associated with less time spent sitting during the workday, 
whereas a stronger habit of sitting without thinking was associated with increased 
time spent sitting during work [71, 72]. 
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The learning and working environments are also evolving. Advances in technol-
ogy have changed the way children, adults, and employees may interact. Many 
schools are embracing interactive e-learning tools and activities that replace or 
supplement more traditional teaching methods. However, it is unknown whether a 
reliance on e-learning may reduce social interaction and opportunity to move in the 
classroom more than traditional teaching methods. It is also reported that approxi-
mately 6.9 million students take at least one online course of any kind [17]. This 
number has exponentially increased following the COVID-19 pandemic. Following 
the declaration of the COVID-19 pandemic, schools began to announce closures 
affecting 666.7 million learners globally, equating to 42% of total enrolled learners 
[73]. As such, the learning space has become more complex with schools embracing 
full or hybrid online and virtual learning programs. This change has sparked the 
conversation of redesigning physical learning spaces with the discussion of perma-
nently adopting remote learning spaces. Although the prevalence of e-learning may 
reinforce “screen-time”, it may also provide an opportunity to incorporate breaks to 
sitting time. The structure of the class and methods of delivery could be designed to 
promote breaks to sitting time (i.e., segmented lectures <30 minutes). Additionally, 
students are less exposed to the social norms of the school climate and may feel more 
comfortable standing or moving while learning. Further research is needed to 
investigate these important and plausible interactions.
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23.1.8 Environmental Factors 

At the environmental level, correlates and determinants of sedentary behaviour are 
complex and multi-faceted. For example, methods of transport to school and work 
are influenced by many neighbourhood characteristics. Two recent reviews found 
that destination-related attributes such as longer distances from workplace to home 
and access to car parking were positively associated with transport-related sedentary 
behaviours [74, 75]. Specific to the workplace, changing the environment so that it is 
conducive to standing and moving more has considerable cost implications. A 
possible solution that is already being adopted in the adult workplace is the instal-
lation of sit–stand desks. The adoption of sit–stand desks may be an important part of 
the solution at work as employees have reported that building layouts serve as a 
barrier to standing and moving (e.g., staircase location) and that they feel the 
workplace is designed for sitting with many factors anchoring them to the desk 
(e.g., computer, phone, etc.) [71, 75]. Micro-environmental features within the 
workplace are increasingly being recognised as important factors associated with 
occupational sitting. Local connectivity (e.g., ability to use different routes to travel 
through a workplace) and overall connectivity (e.g., travel to and from workstation 
requires frequent changes in direction) have been positively associated with standing 
during the workdays, whereas proximity of co-workers (e.g., lots of other worksta-
tions/desks in surrounding area) has been negatively associated with standing time 
[62]. Further, compared to public offices (e.g., cubicle, open space), private offices 
(e.g., enclosed, not shared) have been shown to have an association with more sitting 
time, less standing time, and more prolonged sitting throughout the workday [76]. A 
recent study found that employees spend the majority of their workday alone 
working at their desk and that the majority of the desk time is spent sitting 
[66]. This observation supports past research [77] that found the majority of sitting 
time occurs at the employee’s primary desk, with additional sitting occurring at other 
desks in the workplace. Most sit-to-stand transitions and standing occurred at the 
employee’s primary desk, with additional standing occurring at other desks and in 
the kitchen/cafeteria areas. The vast majority of stepping behaviours occurred in the 
corridors of the workplace [66]. Identifying patterns of workplace sitting is critical 
for understanding how and when to best intervene upon these behaviours as the 
exposure of the intervention can be adjusted to fit the patterns of the individual (e.g., 
a sit–stand desk may be more useful for an employee who obtains most of their 
sitting time at their primary desk). Environmental changes such as sit–stand desks 
are also extending to the school community [78]. However, funding such large-scale 
environmental changes is dependent on support from educational and governmental 
bodies that extends beyond the provision of traditional resources and is a major 
challenge for environmental community strategies. Acceptance and understanding 
the value of such changes is reliant upon successful interventions that demonstrate 
health and educational benefits. 

One of the few studies to examine correlates of child sedentary behaviour other 
than screen time reported that parents’ travel to work and parental attitudes and



support to their child walking or biking to school were strong correlates of children’s 
active transport [34, 35]. Such factors may indirectly impact the hypothesised innate 
activity set-point (termed the “activitystat”) [79]. This theory suggests that children 
compensate for reduced sedentary behaviour by increasing it at another time point, 
with no effect on overall sedentary time. Therefore, transport to school (whether 
active or passive) may influence sedentary behaviour levels throughout the school 
day both in the classroom and during recess or outside of the school day. For 
example, a recent study found that adolescents who used active school commuting 
for 3 days or more per week had 17% lower odds of reporting high sedentary 
behaviours after school (not doing homework) [80]. Over the past few decades, 
active transportation has consistently declined with only 9.6% and 1.1% of children 
and adolescents aged 5–17 years walking or biking to school, respectively 
[81]. Many studies have identified that distance to school is the primary barrier to 
active transportation such that rates of walking/biking to school decrease as the 
distance to school increases [81–86]. There are numerous neighbourhood-based 
contributing factors to this barrier such as increasing land costs, school siting 
standards, school funding formulas, existing land use policies, and lack of coordi-
nation between planners and school officials. Correlates of active transport also 
include other aspects of the built and natural environment such as urbanicity, 
presence of highways and railroads, steep slopes, intersection density, and tree 
canopy coverage [87]. 
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Private vehicle use has grown exponentially in the last 50 years. Therefore, the 
contemporary social norms of habitual personal vehicle use in the United States have 
made it easier to avoid active transport (i.e., active transport decreases with increases 
in vehicle ownership) [81, 86]. Child- and parental-perceived neighbourhood crime 
and real crime as well as parental-perceived concerns of traffic safety were also 
identified as barriers to active transport [82, 84, 86, 87]. Further, school policies can 
also be a barrier to active transport. Whether schools allow children to walk or bike 
to school and the availability of secure bicycle sheds could prevent children from 
walking or cycling to school. It is important to note that transport to and from school 
may only be an appending component of overall school-based sedentary behaviour. 
According to the “activitystat” theory, active transport may in fact increase sedentary 
behaviour levels during school hours. Alternatively, school policies that encourage 
active transport may also be more likely to enforce policies that reduce sedentary 
behaviour throughout the school day. Therefore, the American Heart Association 
(AHA) recently released a statement encouraging policies that promote increases in 
active transportation across multiple sectors [88]. For example, the AHA recom-
mends that cities and communities, and school district policies can adopt Safe 
Routes to School initiatives to facilitate safe active commuting to and from school. 
More research is needed to fully understand the relationship between community-
level policies and behaviour. Research also suggests that climate conditions may 
influence sedentary behaviour [36, 89–92]. Studies have consistently found that 
sedentary behaviours in children, adolescents, adults, and older adults are highest 
during winter months compared to spring or summer months and when there is high 
rainfall and snow [36, 89–92]. Further, days with higher temperatures and higher



relative humidity were associated with greater sedentary time [91]. Higher ambient 
temperatures may encourage children and adults to substitute indoor leisure behav-
iours with other less sedentary outdoor activities. Therefore, seasonality and climate 
may be considered an important factor to consider in sedentary behaviour reduction 
programs in schools, workplaces, and neighbourhoods. Such influences may differ 
in climate-extreme countries, within country regions, and across periods of the year, 
so cross-cultural and cross-geographical comparisons over different seasons are 
warranted. 
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A majority of the evidence relating to sedentary behaviour to health at the 
community level stems from studies of self-reported TV viewing and associations 
with overweight and obesity [93]. Research is lacking on sedentary behaviour 
independent of physical activity and focusing on measures other than screen-time. 
Similarly, research conducted during school or work hours is largely dominated by 
the correlates and determinants of physical activity rather than sedentary behaviour. 
Despite these research gaps, we anticipate that the ongoing paradigm shift will lead 
to an increase in interventions specifically dedicated to device-based measures of 
sedentary behaviour in school, workplace, and neighbourhood settings. 

23.2 Community-Level Sedentary Behaviour Interventions 

Publications regarding physical activity interventions at the community level are 
prevalent; however, more recent interventions are focusing on reducing sedentary 
behaviour. To demonstrate the evolution of sedentary behaviour research at the 
community level, we first use the school community as a case example to discuss 
the varying strategies and outcomes when measuring sedentary behaviour as an 
indicator of insufficient physical activity levels. We suggest that the evolution of 
community-level intervention experimental design (illustrated in Fig. 23.2) is a good 
representation of the paradigm shift towards the focused study of sedentary behav-
iour independent of physical activity. Finally, we migrate to more recent community 
interventions that specifically implement sedentary behaviour reduction strategies in 
recent years (see Fig. 23.2). For the purpose of this chapter, we do not discuss all 
interventions listed in Fig. 23.2 in detail but identify them to illustrate their evolution 
and to facilitate further reading. 

23.2.1 Measuring Sedentary Behaviour as an Indicator 
of Insufficient Physical Activity Levels in Schools 

Early research in the school environment primarily focused on measuring sedentary 
behaviour as an indicator of insufficient physical activity. Traditional methods were 
implemented, such as adapting the curriculum to include lessons dedicated to
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increasing physical activity and reducing sedentary behaviour. Findings have proved 
to be inconsistent. An earlier study conducted by Robinson [94] randomly assigned 
third and fourth graders in one of two public elementary schools to receive an 
18-lesson, 6-month classroom curriculum to reduce TV, video, and video game 
use, in addition to lessons promoting physical activity. No structured practical 
lessons (sedentary behaviour- or physical activity-based) were implemented, and 
all content was delivered via traditional teaching methods in the classroom. The 
intervention group consisted of 92 children (9.0 ± 0.6 years) vs 100 children 
(8.9 ± 0.7 years) in the control group. Overall, reduced levels of TV use were 
reported (8.8 vs 14.5 hours/week); however, no significant changes were reported in 
video viewing and video game use. A subsequent classroom curriculum follow-up 
study with the same experimental design (Student Media Awareness to Reduce 
Television [SMART]) supported these findings [95]. Children in the treatment 
group significantly decreased their weekday TV viewing (1.1 vs. 2.0 hours/day 
[intervention vs control]), weekday video game playing (0.2 vs. 0.5 hours/day), 
and Saturday video game playing (0.3 vs. 0.9 hours/day). Greater effects were also 
detected among boys and adult-supervised children. Although no practical sedentary 
behaviour techniques were used, we suggest that reinforcement (required for behav-
iour change) for this experimental design was high due to the regular face-to-face 
interaction with the teacher, a home device seen daily, and the newsletter content that 
may be reinforced at the parental level.
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In contrast, a classroom-based group randomised trial called “Switch-Play” was 
delivered to 311 children in grade level five [96]. Within three primary schools, 
classes were randomly assigned to one of four groups: (1) control group, 
(2) behavioural modification group (BM), (3) fundamental skills group (FMS), and 
a combined behavioural modification and fundamental skills group (BM/FMS). In 
this section, we focus on the BM results. The BM consisted of 19 lessons based on 
social cognitive theory [97] and targeted self-monitoring, decision-making, identi-
fying alternative activities, intelligent viewing, and advocacy (via posters and role-
playing) to reduce TV viewing time [96]. However, compared to the control, the BM 
group reported higher levels of TV viewing post-intervention. As children learned 
more about TV viewing and how to monitor it, reporting accuracy may have 
improved over time. This phenomenon is known as a “response shift bias” and 
suggests that based on learning effects, there is a differential favourable shift in the 
accuracy of reporting among children in the intervention group compared with those 
in the control group [98]. To further investigate teaching methods solely reliant on 
behavioural modification content, Salmon et al. conducted a follow-up intervention, 
“Switch-2-Activity” [93], based on the BM arm of the “Switch-Play” intervention 
[96]. This translational study aimed to determine real-world feasibility and efficacy 
of the BM intervention. A total of 908 children ages 9–12 years were exposed to an 
abbreviated six-lesson curriculum over a 7-week period delivered by classroom 
teachers. Although no significant intervention effects were detected, sex emerged 
as a significant moderator of the intervention after adjusting for baseline variables. 
Small but positive effects on boys’ self-reported weekend screen time (20 minutes 
difference between arms). No significant effects were detected for girls. Using



practical sessions only (with no theoretical teaching) has shown similar low levels of 
success. A preschool level, 24-week intervention aimed to reduce TV viewing time 
among 545 Scottish children (age 4.3 ± 0.3 years) using practical sessions with no 
theoretical lessons [99]. The intervention strategy included three blocks of increased 
activity each week across 24 weeks. Accelerometer data indicated no significant 
differences in total sedentary time between the intervention and control. It is 
suggested that although a direct measure of TV viewing may have yielded a different 
result, the inability to show an intervention effect on overall sedentary time suggests 
that children may have replaced TV viewing with other sedentary actions [100]. 
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There is a need to consider cohorts within communities based on factors such as 
age and sex, which may influence the type of strategy and content delivered 
theoretically and practically. Furthermore, age and sex may also be associated 
with different levels of risk. For example, it is documented that physical activity 
decreases during adolescence [101, 102], and youth spend a great deal of their time 
both at home and in school being sedentary [18–20]. Therefore, interventions that 
aim to reduce sedentary behaviour and increase physical activity among adolescents 
in a school-based environment are urgently needed [12, 19]. However, findings 
show conflicting results. In a systematic review conducted by Hynynen et al. [103], 
only four studies that targeted sedentary behaviour in adolescent populations 
(15–19-year-olds) were identified. Of the four, only one objectively measured 
sedentary behaviour via accelerometery [104]. The remaining three utilised mea-
sures of TV-viewing time [105, 106], board games, and attending classes in school 
[106], and the 3-Day Physical Activity Recall (3-DPAR) questionnaire previously 
mentioned [107]. Although very different in experimental design, both Neumark-
Sztainer et al. [107] and Slootmaker et al. [104] reported significant treatment 
effects. Slootmaker et al. [104] utilised an alternative method of intervention deliv-
ery to 87 students (63% female, 15.1 years ±1.2 years). Rather than conventional 
teaching methods, an accelerometer and web-based service was used to encourage 
behaviour change. Using a gadget combined with internet interaction (a popular 
medium for adolescents) successfully reduced sedentary behaviour levels. Neumark-
Sztainer et al. [107] implemented a school-based program targeting socio-
environmental factors, personal factors, and behavioural factors to facilitate change 
in physical activity, sedentary behaviours, eating, and weight control behaviours in 
adolescent girls. The intervention included physical education classes, nutrition and 
self-empowerment components, individual motivational interviewing sessions, 
lunch meetings, and parent outreach and resulted in significant improvements in 
sedentary behaviours (i.e., decreased sedentary behaviours by one 30-minute block 
per day). 

We posit for the aforementioned research, awareness and consideration of sed-
entary behaviour as an independent risk factor was still in its infancy and effective 
strategies were only just emerging (see Fig. 23.2). It was not until the past decade 
that research conducted in adult-based populations, began to report the importance 
of changing posture, moving more and avoiding long periods of sitting [108– 
110]. Such findings initiated a paradigm shift that primarily identified sedentary 
behaviour as an independent risk factor to that of insufficient physical activity.



Additionally, sedentary behaviours have been reported to track from childhood to 
adolescence and into adulthood [111], which has further initiated a gradual transition 
from adult- to youth-based populations. Ultimately, the need to design interventions 
that target sedentary behaviour as the primary aim in school environments has 
emerged. We discuss this paradigm shift in the following section. 
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23.2.2 The Emergence of Interventions Targeting Sedentary 
Behaviour as a Primary Aim 

The evolution of school-based intervention experimental design is a clear represen-
tation of the ongoing paradigm shift. As depicted in Fig. 23.2, until recently, school 
interventions were dominated by increasing physical activity levels and measuring 
sedentary behaviour as an indicator of insufficient physical activity. Interventions 
also focused on the ability to reduce sedentary behaviour outside of school hours and 
measuring TV viewing time. However, following the trend in the adult workplace, 
and the need to reduce prolonged periods of sitting, sit–stand desks have emerged as 
feasible solutions to the sedentary school environment. As a relatively new concept 
and given the cost implications, completed studies are exploratory in nature and of 
smaller sample sizes; however, initial results are promising. One of the first studies to 
implement standing desks (not height adjustable) in a traditional classroom was 
conducted by Lanningham-Foster [112]. In a three-arm comparison, the researchers 
aimed to compare an “activity-permissive” environment referred to as the 
“neighbourhood” and a traditional classroom with standing desks to a traditional 
classroom. No significant differences were reported between the traditional class-
room settings; however, detecting changes in posture to reduce prolonged periods of 
sitting was not the primary aim. Although sedentary behaviour was emerging as a 
concern at this time, increasing physical activity was the goal of this study. In later 
years, a pilot study conducted by Benden et al. [113] monitored 9 children (between 
ages 6 and 8) across two semesters (each semester = 5 months). One semester 
utilised traditional desks, and the other utilised sit–stand desks in the classroom. The 
purpose of this study was to determine if a difference existed in energy expenditure 
within children when using traditional classroom desks compared to sit–stand desks. 
The results indicated a mean difference of 0.3 kcal ±0.1 kcal.min-1. Ultimately, this 
study found a 25.7% increase in average energy expenditure within-subjects using a 
sit–stand desk compared to the traditional desk. In addition, there was a 17.6% 
increase in steps within subjects with the use of sit–stand desks. Another pilot study 
investigated the feasibility of sit–stand desks in a school environment among eight 
children (aged 11.3 ± 0.5 years) [114]. Although a 19% increase in pedometer 
activity was recorded and no negative behavioural effects were detected in the 
classroom, results were not statistically significant, most likely due to the small 
sample size. In response to the need for larger studies, a larger intervention (n = 374) 
was conducted by Benden et al. [115]. The results supported preliminary research



and indicated that sit–stand desks elicited a higher mean step count (+1.61 steps/ 
min) compared to the control group. More recently, Wick et al. [116] conducted an 
11-week non-randomised controlled pilot intervention testing the effects of standing 
desks in classrooms on cognitive function in children between 10 and 12 years. The 
intervention classroom (n = 19) received standing desks and teachers encouraged 
students to work at the desk for 60 minutes a day in at least 10-minute bouts, whereas 
the control classroom (n = 19) attended their regular lessons with no standing desk. 
Following the 11 weeks, compared to the control classroom, the intervention 
classroom had lower sitting time (12.7 min) and higher standing time (13.4 min) 
during lessons and higher standing time during breaks (2.5 min). Similarly, in 
another pilot controlled trial, Sherry et al. [117] found reduced class time sitting 
(19.9%) in a class of 9–10-year-olds after receiving adjustable sit–stand desks. 
Following a repeated-measures crossover design study, Parry et al. [118] found 
that following the provision of standing desks, students in a Grade 4 class increased 
standing time and reduced sitting time during the school day. While promising, the 
effects of these recent studies were small and limited by the pilot designs. In a larger 
sample, Clemes et al. [78] conducted a two-armed pilot cluster randomised con-
trolled trial examining the effect of a sit–stand desk intervention named “Stand out in 
Class”, in primary school (children ages 9–10 years). Teachers used a rotation 
system to encourage students to use the sit–stand desks for at least one hour per 
day. Although preliminary, results show that the intervention resulted in less sitting 
time (30.6 min/day) compared to the usual care control group. A following study 
conducted by Chen et al. [119] of the “Stand out in Class” intervention found that 
compared to the control group, the intervention group decreased the proportion of 
class time spent sitting and increased in time spent standing, stepping, and in light-
intensity physical activity. Importantly, the study found no evidence for compensa-
tory increases in sitting outside of school. The conclusion drawn from these studies 
is that giving children the opportunity to stand throughout the school day encourages 
them to move more, which may provide several additional benefits related to 
increasing energy expenditure levels. 
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Postural and comfort effects of sit–stand desks have also been documented by 
Benden et al. The results indicated no significant differences between traditional 
desk and sit–stand desk use on evaluated ergonomic support and discomfort. Fur-
ther, students in the study conducted by Parry et al. [118] were less likely to report 
neck and shoulder discomfort when using a standing desk over a full school-year. 
Finally, feasibility and acceptability of sit–stand desks are highly dependent on 
maintaining an environment that is still conducive to learning and does not inhibit 
concentration, focus, or cognitive performance. Although exploratory in nature, 
initial results are promising. Results from the pilot study conducted by Benden 
et al. indicated that teachers reported a positive effect on classroom behaviour and 
focus in those using standing desks. As part of the larger study conducted by Benden 
et al., neurocognitive effects were also evaluated using a comprehensive battery. 
Positive effects for reaction times, response times, and error rates were detected. 
However, the cognitive results were not compared to a control group, reducing the 
ability to draw conclusions from these findings. More recently, results from the pilot



study conducted by Wick et al. [116] showed that following an 11-week standing 
desk intervention in the classroom, students improved slightly in working memory 
and short-term memory scores. The authors suggested that the use of standing desks 
within the classroom may be a feasible and effective opportunity to improve 
cognitive function. Replication of large-scale experimental designs that include 
cognitive effects as a primary outcome are required. 

648 K. S. Leonard et al.

23.2.3 Workplace Interventions to Reduce Sedentary 
Behaviour 

Individual-level approaches to reduce sitting in the workplace have typically 
included strategies such as behavioural counselling, use of computer prompts, or 
use of walking or other physical activity-based interventions. A recent review 
examined the effectiveness of pedometer interventions in the workplace for increas-
ing physical activity [120]. While some of the individual studies included in the 
review showed some small effects for increasing physical activity (e.g., steps) 
following the pedometer intervention, the authors of the review concluded that the 
low quality of evidence resulted in low certainty in the effects. Thus, although 
exercise interventions may be a promising approach, the authors could not conclude 
whether workplace pedometer interventions are the most effective option. Further, 
the investigators reported that the effect of workplace pedometer interventions on 
reducing sedentary behaviours is uncertain. The use of computer prompts (i.e., point-
of-choice prompts on a computer) has received further attention in the past 10 years. 
Two short-term studies evaluated the use of computer prompts + standardised 
information relative to information alone. Evans et al. [121], following a brief 
10-day intervention, investigated the effects of point-of-choice (PoC) prompting 
software, on the computer used at work (PC), to reduce long uninterrupted sedentary 
periods and total sedentary time at work. Results reported non-significant reductions 
in sitting time but significant reductions in the number of 30 min continuous bouts of 
sitting. Pedersen et al. [122] focused on prompts to increase sitting breaks with 
walking in a longer 13-week intervention, finding significant reductions in sitting 
time of 55 minutes per day. More recently, many studies have focused on the effect 
of computer-based software on workplace sedentary behaviours. Gilson et al. [123] 
conducted an efficacy trial testing real-time computer prompts that prompted 
employees to take a 5-minute break from desk sitting every 30–60 minutes over 
5 months. They found a significant reduction in worktime sedentary behaviour and 
an increase in light-intensity physical activity in employees who used the real-time 
computer prompts. Taylor et al. [124] found that consistent users of a computer-
prompt software that prompted workers to get up and walk increased their weekly 
pedometer counts, increased their light-intensity physical activity, decreased their 
sedentary behaviours during the weekends, and had no change in their sedentary 
behaviours during the week. More recently, Carter et al. [125] pilot tested an 8-week



e-health computer-based software that was installed onto participant’s work com-
puters and prompted employees to interrupt prolonged sitting time with bouts of 
physical activity every 45 minutes. The software resulted in large effects for reduced 
workplace and overall sitting time as well as increased workplace and overall 
standing time. Small effects were found for steps (time and count) and sit-to-stand 
transitions. In an effort to increase the use of sit–stand desks, Sharma et al. [126] and 
Garret et al. [127] used computer software to send reminders to change desk 
positions after 30 minutes. Both interventions resulted in significant and positive 
changes (i.e., decreased sitting time, increased standing time, increased use of sit– 
stand desks). 
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Studies have also examined the effect of prompts using e-health approaches (e.g., 
smartphone applications, text messages). Morris et al. [128] conducted a feasibility 
study to test the effect of an e-health smartphone application over 12 weeks that 
incorporated no prompts or prompts every 30 or 60 minutes. They found that 
prompts every 60 minutes were associated with reduced sitting time during work, 
which was primarily replaced with standing. Also, prompts of both the 30- and 
60-minute frequencies were associated with a decrease in prolonged sitting bouts. 
However, there were no changes in steps following any prompts. Dunning et al. 
[129] examined the use of activity-promoting text messages every 30 minutes during 
office hours for 10 weeks and found that while employees sat less (1.1 hours/day) 
during the message-receiving periods, this reduced sitting time was not sustained 
after the intervention. Thus, while these studies have found promising results for 
using prompts to reduce workplace sitting time, many have suggested the need for 
longer interventions to determine whether these improved behaviours can be 
sustained. 

To summarise the effects of prompts on workplace sedentary behaviours, two 
recent reviews have been conducted. Shrestha et al. [130] conducted a meta-analysis 
of workplace interventions for reducing workplace sitting time and reported pooled 
effects of computer prompts. The authors found that computer prompting led to a 
non-significant reduction in workplace sitting in the short-term (< 3 months), a 
significant reduction in workplace sitting in the medium-term (3–12 months), and a 
reduction in sitting bouts lasting 30 minutes or more. Taylor et al. [131] conducted a 
recent review of six publications examining whether computer prompt software 
programs reduced workplace sitting and increased workplace physical activity. 
With only four of the six studies showing that computer prompt software programs 
decreased sedentary behaviours and increased physical activity at work, the authors 
concluded that while promising, future high-quality and long-term studies are 
needed. Interestingly, Larouche et al. [132] found that the content of point-of-choice 
prompts may matter. For example, the authors found that while prompts decreased 
time spent in prolonged sitting bouts during work, prompts that included atheoretical 
basic reminders were more efficacious at reducing sitting time than when prompts 
were theoretically driven prompts. However, the authors also found that the theo-
retically driven prompts were rated with higher preference and acceptability poten-
tially suggesting the need for individually tailored messaging.
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23.2.4 Physical Changes to the Workplace Environment 

The use of multi-level, ecological approaches to reduce sedentary time is ideal for 
the workplace, given the opportunity for more robust and comprehensive changes to 
the environment that are possible. The most common environmental approach to 
reduce occupational sedentary time has been the use of “activity-permissive” work-
stations (i.e., treadmill desks, pedal desks, height-adjustable workstations). There 
has been a rapid increase of laboratory- and field-based studies on this topic, with the 
majority published in the last 10 years. Josaphat et al. [133] reported the results of a 
systematic review of the effect of active workstations on sedentary behaviours, 
physical activity, energy expenditure, and work outcomes in adults with overweight 
or obesity. Of the 19 total studies included, eight were conducted in the workplace; 
of the eight, five used treadmill desks and three used standing desks. The authors 
reported that the majority of the studies that used sit–stand desks and treadmill desks 
resulted in beneficial effects of decreased workplace sitting for adults with over-
weight or obesity. These findings are in line with past reviews in adults of all weight 
statuses. For example, a Cochrane review [130] found that multi-component 
interventions and interventions using sit–stand desks, either alone or within a 
multi-component intervention, reduced workplace sitting time by 100 minutes per 
workday in the short-term (<3 months) and by 57 minutes per workday in the 
medium term (3–12 months). The authors, however, were unable to conclude the 
effects on other active workstations such as treadmills or cycling desks. More 
recently, Oye-Somefun et al. [134] conducted a systematic review and meta-analysis 
of six studies examining the effect of treadmill desks on workplace energy expen-
diture, sitting, and cardiometabolic health. They reported a pooled effect of 1.7-
minute reduction in sitting time per hour among users of a treadmill desk compared 
to a conventional desk. Other metabolic outcomes showed no change. However, the 
authors noted that the quality of the included studies was highly variable and that 
there is a high need to conduct cluster randomised controlled trials to reduce the risk 
of treatment group contamination. 

A number of these studies are ongoing or have been recently published in 
Finland, Australia, the United Kingdom, and the United States, with the majority 
of these studies conducting group-randomised trials of multiple worksites with study 
durations of one year or longer. Recent large-scale studies have delivered 
programmes that targeted individual, social, environmental, and policy factors, 
alongside the installation of sit–stand workstations, to reduce sedentary time. 
Healy et al. [22], in a 12-month intervention of Australian public health workers 
(n worksites = 14; n subjects = 231), observed 45 min/8-hour workday reductions 
relative to usual practice control. In a 12-month multicomponent intervention of 
desk-based workers in England (n worksites = 37; n subjects = 146), Edwardson 
et al. [135] found an 83 min/8-hour workday reduction in sitting time compared to 
usual practice control. In a 12-month multi-component intervention of US academic, 
industry, and government workers (n worksites = 24; n subjects = 630) named 
Stand & Move at Work, Pereira et al. [136] found a 59.2 min/8-hour workday



reduction in sitting time in the intervention arm with sit–stand workstations relative 
to the intervention without sit–stand workstations. In contrast, Renaud et al. [137], in 
an 8-month pragmatic cluster-randomised trial of a multi-component intervention in 
a Dutch insurance company (n departments = 14; n subjects = 244), observed no 
reductions in sitting time relative to the usual practice control. The investigators 
attributed this to the low intensity of the intervention (i.e., only 25% of sit desks were 
replaced with sit–stand desks). Nevertheless, the majority of these studies provide 
strong evidence for the effect of sit–stand workstations and underscore the value of 
including environment and policy-level interventions to support their implementa-
tion. Additional questions remain with respect to the translation of the multi-
component approach to a more diverse set of workplace sectors, the sustainability 
of this approach in the long term (e.g., beyond 12 months and when intervention is 
withdrawn), and its impact on cardiometabolic health, healthcare savings, and 
workplace productivity. 
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23.2.5 Workplace Policy Approaches 

Few studies have explicitly examined the effects of policy-level approaches to 
reducing occupational sitting time. Policy approaches include formal actions by 
the organisation to change the social or physical environment to support reductions 
in sitting or increases in walking. These changes might include the formation of 
walking groups, walking meetings, provision of short breaks, use of standing 
meeting rooms, or similar efforts. While a number of studies are evaluating the 
use of multi-level approaches to reducing occupational sitting [22, 103, 135–138] — 
which may include policy—and organisational-level approaches named above—it is 
difficult to identify the unique impact these approaches may have on sitting. Knox 
et al. [139] sought to identify commonly used workplace policies in England that 
work to increase physical activity and reduce sedentary time during the workday. 
The provision of information and opportunities for physical activity during and 
outside of work was associated with less workplace sedentary behaviours. Further, 
the presence of onsite facilities and classes was also associated with less workplace 
sedentary behaviours; however, these structures were rarely found in workplaces. 
There is a need for more formal studies testing the unique and combined effects of 
policy-level approaches to reducing occupational sitting. 

23.2.6 Observational Studies of the Neighbourhood 
Environment and Sedentary Behaviour 

A recent review reported that inactivity tends to be lower in children as well as 
young, middle-age, and older adults in neighbourhoods that promote greater



walkability, safety, have mixed land use (residential, commercial, parks), and are 
supported by a strong active transport infrastructure (e.g., street connectivity, walk-
ing/biking paths, etc.) [30]. Research on the built environment and sedentary 
behaviours is often examined by assessing the objective or perceived built environ-
ment. Following objective assessments of the built environment, Lotoski et al. [140] 
found that children (9–14 years) living in high-density neighbourhoods and 
neighbourhoods with the greatest number of destinations, as well as activity friend-
liness, were associated with less sedentary behaviours. These associations were more 
prominent during warmer months (i.e., spring, summer) of the year. These findings 
are fairly consistent with past research. Bringolf-Isler et al. [141] examined the 
association between the objectively assessed built and social environments of 
neighbourhoods and physical activity and sedentary behaviour of 1742 children 
between the ages of 4 and 17 years in Switzerland. Data were pooled from seven 
studies conducted between 2005 and 2010. The amount of green space around the 
child’s home, expressed as hectares of parks, playgrounds, and meadows, was 
inversely associated with sedentary time and positively associated with total physical 
activity with adjustment in the model for the confounding effects of age, sex, season 
of data collection, accelerometer wear time, and all other neighbourhood attributes 
under investigation. While “building density” was also positively associated with 
physical activity, its inverse association with sedentary behaviour did not reach 
statistical significance. Several other neighbourhood characteristics examined in 
these studies did not appear to have a significant, independent association with 
physical activity or sedentary time, including main street density, population density, 
intersection density, mixed land use, woods, schoolchildren density, and socioeco-
nomic neighbourhood position. A limitation of the analysis was that physical activity 
and sedentary time did not appear to be included together in the same model. Sallis 
et al. [29] used geographic information systems (GIS) to measure residential density, 
street connectivity, retail floor area ratio, and land use mix to create a walkability 
score. In 928 adolescents [12–17] participating in the Teen Environment and 
Neighbourhood (TEAN) observational study, high walkability was associated with 
high physical activity and low sedentary time and TV time. Koohsari et al. [142] 
objectively calculated built environment attributes and examined their association 
with objectively assessed sedentary behaviours in adults (40–64 years) in Japan. 
Population density and availability of destinations were associated with more sed-
entary behaviours, whereas the number of intersections was associated with less 
sedentary behaviours. Surprisingly, increased walkability was associated with higher 
sedentary time; the authors attributed this to environmental attributes such as the fact 
that the more walkable areas may also have higher population densities. Similarly, 
Nichani et al. [143] examined the association between objective neighbourhood built 
environment characteristics and sedentary behaviours in 14,785 adults in Canada 
and found that walkability, 3-way intersections, and population count were associ-
ated with more sitting time, whereas business destinations and greenness were 
associated with less sitting time. 
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Aside from objectively measured neighbourhood characteristics, perceptions of 
the environment may influence sedentary behaviour. While research has established



an association between the perceived environment and sedentary behaviour, these 
associations have been found in both the expected and unexpected directions. 
Greenwood-Hickman et al. [144] examined the association between perceived 
neighbourhood walkability and physical activity and sedentary behaviours in 1077 
older adults (≥65 years). Higher perceived walkability was associated with higher 
steps and sit-to-stand transitions. Owen et al. examined perceived neighbourhood 
attributes (residential density, land use mix, street connectivity, infrastructure and 
safety for walking, aesthetics, traffic safety, safety from crime, number of cul-de-
sacs, and physical barriers to walking) and their association with sedentary time in 
5712 adults (18–66 years) in ten different countries. High residential density, 
infrastructure and safety of walking, and lack of physical barriers to walking were 
associated with higher sedentary time, whereas aesthetics and street connectivity 
were associated with less sedentary time. The remaining perceived neighbourhood 
attributes had no association with sedentary time. Although the findings related to 
the perceived neighbourhood attributes and high sedentary time contrast with past 
research on physical activity, the authors suggested this may be due to differences in 
population characteristics. For example, residents in high-density areas may spend 
more time sitting in other aspects of their life (e.g., work) regardless of how they 
perceive their neighbourhood environment. Similarly, Caetano et al. [145] examined 
the association between perceived neighbourhood environment characteristics and 
physical activity and sedentary behaviours in adolescents (14–16 years) in Brazil. 
The authors used latent class analysis to identify three classes based on how the 
adolescents perceived their built environment (i.e., land use mix, street connectivity, 
walking/cycling facilities, and traffic safety): [1] Best Perceived Environment; [2] 
Moderate Perceived Environment; and [3] Worst Perceived Environment. Adoles-
cents in the Best Perceived Environment class reported the highest sitting time 
compared to the other classes. While this is inconsistent with the current literature, 
the authors noted that the Best Perceived Environment class also had the highest 
socioeconomic status. Thus, adolescents in this class may engage in more sedentary 
promoting activities (e.g., sedentary transportation, studying, sedentary extracurric-
ular activities). For example, studies have shown that children [146] and university 
students [147] living in higher socioeconomic neighbourhoods report lower active 
commuting to and from school. 
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In addition to socioeconomic status and income, past studies have also shown the 
moderating effect of other factors such as urbanicity and race on the association 
between the perceived built environment and sedentary behaviours. The Resilience 
for Eating and Activity Despite Inequality (READI) study examined the perceived 
home and neighbourhood environment in association with children’s activity and 
sedentary behaviour in urban and rural areas of Australia [148]; 613 children and 
their mothers were included in the study. Physical activity and sedentary time were 
objectively assessed with the Actigraph accelerometer. Urban/rural location moder-
ated the associations between having a strong perceived neighbourhood social 
network and road safety concerns with children’s screen time. As neighbourhood 
social network perception increased, screen time increased for urban children but 
decreased for rural children. The opposite was true for neighbourhood road safety



concerns, which had a positive association with the rural children’s screen time, but 
inverse for the urban children’s screen time. Similar results for the total sedentary 
time were observed for neighbourhood road safety concerns. These findings, along 
with others in this study, are important for understanding differences in how 
perceptions of the environment can influence physical activity and sedentary behav-
iour differentially between urban and rural settings, which may be particularly 
helpful in planning interventions or influencing policy. 
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While the READI study just discussed was aimed at urban vs rural differences, a 
study by Budd et al. [149] hypothesised that race may modify the association 
between parental perceptions of the neighbourhood and children’s physical activity 
behaviour. This study included 196 parents in St. Louis, Missouri, US. Data were 
collected by a mailed survey. Among white parents, but not among non-white 
parents, the perception that drivers exceed speed limits was a positive predictor of 
children’s sedentary behaviour time. On the other hand, only among non-white 
parents was perceived neighbourhood crime rate a positive predictor of children’s 
sedentary behaviour time. It would appear that race, and also urban vs rural 
neighbourhoods, as we learned from the READI study, are important fixed charac-
teristics that need to be taken into account in further research in this area. 

Although perceptions of the environment may provide insight into 
neighbourhood sedentary levels, one limitation is that the perception of attributes 
of the neighbourhood may differ between individuals. Thus, researchers have 
suggested the need for research to include both perceived and objective measures 
of the built environment. Hinckson et al. [150] examined associations between 
perceived and objective neighbourhood environments with physical activity and 
sedentary behaviours in 524 adolescents (12–18 years) participating in the Built 
Environment in Adolescent New Zealanders (BEANZ) study. Of the perceived 
environment characteristics, land use mix-diversity, street connectivity, and aes-
thetics were associated with increased physical activity. Land use mix-diversity, 
street connectivity, aesthetics, and traffic safety were associated with low sedentary 
time, whereas perceived physical barriers to walking were associated with high 
sedentary time. Of the objective environment characteristics, gross residential den-
sity and number of parks were associated with increased physical activity, whereas 
no objective characteristics were associated with sedentary time. Bejarano et al. 
[151] examined the association between perceived and objective neighbourhood 
environment with objectively assessed sedentary time and physical activity in 
524 adolescents (12–16 years) in the US participating in the previously mentioned 
TEAN observational study of neighbourhood environments and physical activity. 
Perceived neighbourhood environment factors including land use mix-access, acces-
sibility of walking routes, perceived neighbourhood aesthetics, perceived greater 
crime safety, and perceived neighbourhood index score (i.e., overall perception of 
activity-supportiveness of the neighbourhood environment) were inversely associ-
ated with sedentary time. With respect to objective neighbourhood environment 
variables, street connectivity (i.e., more intersections), mixed use of land, and 
objective neighbourhood environment index (i.e., overall activity-supportiveness 
of the neighbourhood environment) were associated with more total sedentary



time, whereas cul-de-sac density was associated with less sedentary time. The 
authors noted that the discrepancy between the perceived and objective environment 
findings suggests a complex and unclear role of the neighbourhood environment on 
sedentary time in youth. This finding is in contrast to a more recent study examining 
perceptual and researcher-rated neighbourhood-built environments and physical 
activity and sedentary behaviours in youth (9–14 years) in Canada. Goon et al. 
[152] found that children’s perceived availability of parks and recreational facilities 
and having adult role models who are active in the neighbourhood were both 
associated with less sedentary time and more physical activity, whereas a perceived 
absence of sidewalks was associated with more sedentary time and less physical 
activity. With respect to the researcher-rated build environment factors, activity 
friendliness, and pedestrian accessibility were associated with less sedentary time. 
Unexpectedly, researcher-rated safety from crime was associated with increased 
sedentary time. The authors suggested that perceptions of the built environment 
may be more salient that researcher-rated and objective measures of the built 
environment for youth physical activity and sedentary behaviours. 
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Heterogeneity of results for sedentary behaviour reduction strategies at the 
community level is prevalent and continues to impede clear inferences. Although 
insightful results are presented in earlier interventions, a fundamental missing 
component is demonstrating how to practically reduce sedentary behaviour by 
simply “standing and moving more”. Tackling this both theoretically and practically 
has now become a new challenge. The lack of environment-level techniques may be 
related to financial resources and difficulties in implementing changes at a macro-
level. Initiating major changes in the school’s physical environment without effica-
cious evidence may be considered too risky and costly [103]. Understanding the 
costs related to recruitment and implementation of an intervention and its potential 
cost-effectiveness are important aspects to consider to determine how best to use the 
finite resources that are available in community or school settings [67]. It should be 
considered that not all interventions discussed in this review are feasible in practice, 
given the typical time and budgetary constraints. Similarly, this is not an exhaustive 
list but is instead designed to demonstrate the evolution of sedentary behaviour 
interventions. Nonetheless, these findings provide a starting point to reduce seden-
tary time at the community level. 

23.3 The Role of Communication Technologies 
and the Media in Decreasing Sitting Time 

Technological advances have enabled effective, motivational applications for mon-
itoring sedentary time, causing behaviour change techniques (BCTs) to evolve. 
Contemporary elements of BCT’s include self-monitoring, feedback, and social 
support [153] and are now used in several forms, such as activity monitors, 
web-based applications and mobile phones [154, 155]. With the abundance of



technological strategies, there has been a shift from face-to-face interventions toward 
multi-component interventions to reduce sedentary behaviour using self-monitoring 
devices, web-based support, and sophisticated mobile media [156–158]. Self-
monitoring is rapidly becoming a popular and effective method for reducing seden-
tary behaviour due to the associated portability, cost-effectiveness, convenience, 
accessibility, and sense of user control [159]. As a result, we have seen a burgeoning 
industry for accelerometer-based wearable activity monitors, online support plat-
forms, online feedback platforms, and mobile apps targeting the consumer market 
[154, 157]. These platforms vary in medium (wrist-worn device, phone, email), 
delivery (textual, visual, sound, vibration), and content (personalised, generic, short, 
long, motivational, educational, feedback), but all aim to reduce sedentary 
behaviour. 
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23.3.1 Electronic Activity Monitors 

The most prevalent of self-monitoring technologies are Electronic Activity Monitors 
(EAMs), more commonly known as “fitness trackers”, such as those manufactured 
by Apple [Apple Inc., Cupertino, CA], Garmin [Garmin Ltd., Canton of Schaffhau-
sen, Switzerland], Jawbone [Jawbone San Francisco, CA, USA], Nike [Nike, Inc., 
Beaverton, OR, USA], Fitbit [Fitbit, San Francisco, CA, USA], and Gruve [Gruve 
Technologies, Inc., Anoka, MN, USA]. Although originally designed to track 
physical activity and energy expenditure, increased awareness regarding the detri-
mental effects of sedentary behaviour (or sitting too much) has generated a new set 
of user requirements the industry is pursuing. More specifically, in addition to 
physical activity data, these devices now include feedback features to communicate 
information related to sedentary behaviour. Commercially available EAMs are 
growing in popularity, with 19% of Americans using a wearable fitness device. 
Based on these growth rates, it is anticipated that sales of wearable fitness devices 
will double in the next year by 2022, becoming a $27 billion market, and the 
smartwatch category will become the most-worn wearable device. EAMs can now 
objectively measure physical activity and periods of inactivity and provide feedback, 
beyond the display of basic activity count information, via the monitor display or 
through a partnering application to elicit continual self-monitoring of activity behav-
iour [157, 158]. Feedback strategies include simplistic prompts that serve as a 
“reminder” to stand up or move at a set time and frequency (see Table 23.1). More 
sophisticated devices are able to detect periods of uninterrupted sitting and serve as 
an “alert” to communicate to the user that they have been sitting too long (see 
Table 23.1). Users may receive the alert or prompt using vibration, sound, or visual 
feedback to instruct the user to stand or move. It should be noted that the vast 
majority of these consumer-based devices—with the exception of Lumoback (Lumo 
Bodytech, Inc., Mountain View, CA, USA)—currently rely on movement-based 
algorithms and not postural inclinometers. This technical consideration may limit 
their utility for reducing sitting behaviours.



Platform Type of alert Feedback
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Table 23.1 Technology designed to reduce sedentary behaviour available at the consumer level 

Electronic activity monitors (EAMs) 

Detects 
inactivity 

Period of 
inactivity 

Garmin vivosmart Yes 1 hour Vibration and alert Numerical display on the 
device 

Garmin vivofit Yes 1 hour Alert and visual 
display 

Real-time “move bar” dis-
play to show how long you 
have been inactive 

Jawbone 
UP/UP24 

Yes Can manu-
ally set the 
period as 
“idle alert” 

Vibration No display, pairs with app 
and mobile device 

Apple watch Yes At least one 
minute 
each hour 

Tap on the wrist 
and a notification 

Has display and user inter-
face. Goal setting—Set 
number of hours to stand 
per day (default 12). Feed-
back- graph to show hours 
you missed 

iFit active No Manually 
set inactiv-
ity interval 

Vibration Syncs via Bluetooth to iFit 
app 

Nike Fuelband Yes At least 
5 minutes 
each hour 

Move reminder 
visually flashes at 
45 and 50 minutes 
of inactivity 

Links with iOS app, send 
reminder to mobile device. 
If you move at least 5 mins 
that hour, you “win the 
hour”. Can see how many 
hours you “won” by the 
end of the day 

Fitbit surge No N/A Visual display to 
show your inac-
tivity but no 
“move” 
reminders. 

Continual visual feedback 

Fitbit zip No Manually 
set inactiv-
ity interval 

Vibrating alarm 
must be manually 
set by the user 

No objective inactivity 
feedback 

MUVE Gruve Yes From 45 to 
90 minutes 

Vibrates Display changes colour 
based on progress, but data 
must be uploaded via a 
USB cable 

Mobile apps 
Platform Detects 

inactivity 
Period of 
inactivity 

Type of alert Feedback 

Move more app No Manually 
set inactiv-
ity interval 
and alerts 

Tap the app to 
record data, e.g., 
sitting and log it 

Graphical user Interface. 
Links with iPhone or iPad. 
Serves as a log, not a 
sensor 

Break Time app No Manually 
set 

Alert only 

(continued)



Platform Type of alert

inactivity
interval and
alerts
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Table 23.1 (continued)

Electronic activity monitors (EAMs) 

Detects 
inactivity 

Period of 
inactivity Feedback 

For iOS and mac. Serves as 
an alert syst em, does not 
provide feed back or GUI 

Get moving app Yes Manually 
set inactiv-
ity interval 
and alerts 

Customisable 
alerts of your 
mobile phone. 

Tracks as a pedometer, the 
clock starts when inactivity 
is detected. Provide 
weekly summaries on how 
long you were inactive, 
where and when 

Email and software 
Platform Detects 

inactivity 
Period of 
inactivity 

Type of alert Feedback 

Point of Choice 
software (Evans 
2012) 

No Reminder 
sent every 
30 minutes 

Simple reminder Does not provide objective 
“sitting time” feedback 

Email No Daily, 
weekly, bi 
weekly 

Motivational, 
educational 

Varied may provide feed-
back on the number of 
times a user read or viewed 
email. Does not provide 
objective “sitting time” 
feedback 

There are supporting data to suggest that EAMs may be an effective tool to reduce 
sedentary behaviour. Ellingson et al. [160] evaluated the effectiveness of a Fitbit in 
increasing physical activity and reduce sedentary behaviours with or without moti-
vational interviewing and habit development in 91 adults in the US after 12 weeks. 
Participants were randomised to either receive the Fitbit alone or the Fitbit plus 
motivational interviewing and habit formation education. The results indicated that 
the change in sitting time between the two interventions was not significant, with the 
authors suggesting that activity trackers alone may have beneficial effects on phys-
ical activity and sedentary behaviours. Brakenridge et al. [161] evaluated the 
effectiveness of an activity tracker that targets sitting time to reduce workplace 
sitting over 12 months in 153 desk-based office workers in Australia. Participants 
were randomised to receive organisational support strategies (e.g., managerial sup-
port, emails) or organisational support plus the waist-worn LUMOback tracker. The 
LUMOback tracker provided real-time feedback on sitting, standing, sit-to-stand 
transitions, walking, running, steps, posture, and sleep. Participants were able to set 
posture alerts to have the tracker vibrate when poor lumbar posture and/or periods of 
sitting (i.e., 15, 30, 45, 60, 120 min) were detected. Participants reported that the 
LUMOback was easy to use and greater use of the tracker was significantly associ-
ated with an increase in non-prolonged sitting (<30 min) during work and a 
reduction in prolonged sitting (≥30 min) during waking hours. It is important to 
note that the LUMOback is no longer being produced or sold. Nevertheless, these



studies are consistent with past research. Barwais et al. [162] evaluated the effec-
tiveness of wearing a commercially available EAM [Gruve, Gruve Technologies, 
Inc., Anoka, MN, USA] for four weeks. The multi-dimensional behavioural inter-
vention used an online personal activity monitor with a built-in vibrating function to 
notify the user when they had been sedentary for longer than the set threshold. The 
reminder to stand up and move provided a prompt for behaviour change and goal 
achievement. The online software enabled participants to visualise sedentary pat-
terns with simple 24 h/day graphs and charts. Motivational support was provided via 
a personalised homepage and goalsetting based on baseline results. The results 
indicated a 33% reduction in sedentary time (3.1 h/day) at the end of the 4-week 
intervention (6.3 ± 0.8 h/day) compared to baseline (9.4 ± 1.1 h/day). These results 
suggest that EAM use may be an effective sedentary behaviour reduction strategy; 
however, the longevity of the effects is still unknown. 
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23.3.2 Mobile Apps 

Currently, 97% of Americans own a cell phone, of which 85% own a smartphone 
[163]. The features and functions of a cell phone have long surpassed that of 
telecommunication alone. The advent of mobile communication technologies has 
thus created a vast potential for collecting and delivering time and context-sensitive 
sedentary behaviour information [164]. The ability to collect and deliver “just-in-
time” information and the advances in built-in smartphone activity sensors (i.e., 
accelerometers) have seen an explosion in mobile applications—“apps” geared 
toward reducing sedentary behaviour [165]. A recent review [166] examined the 
effectiveness of smartphone-based interventions on health outcomes including sed-
entary behaviours in individuals across age groups and special populations (e.g., 
general, pregnant women, cancer survivors, etc.). Some studies reported reductions 
in sedentary behaviours following app-based interventions. However, while the 
findings were promising, the authors suggested the need for more conclusive 
evidence. Similarly, Buckingham et al. [167] conducted a review of mobile health 
interventions to reduce workplace sitting time and found that most studies reported a 
significant reduction in workplace sitting time following the interventions (e.g., 
study-specific smartphone apps). However, more research is needed to confirm the 
long-term effects on sedentary behaviour. 

23.3.3 Email and Software 

Email and software-based strategies designed to alert and prompt users to avoid 
prolonged sitting are most applicable to the workplace environment. The prevalence 
of desk-bound work has unveiled an opportune setting for sedentary behaviour 
interventions. Email strategies can be tailored to provide motivational and



educational support that exploits habitual email interaction. Software lends itself 
more to regular reminders [126, 127]. Email-based strategies show inconsistent 
results. Hutchinson et al. [168] examined an intervention that included a one-time 
face-to-face consultation session followed by weekly emails for 16 weeks. The 
emails were designed to target affective and cognitive attitudes towards sedentary 
behaviours and included varying content in the form of simple messages, 
visualisations, information sharing, and specific tips to break up sitting. While 
daily sitting did not change, the number of prolonged sedentary bouts (>30 min) 
was significantly reduced. Another sedentary behaviour reduction intervention in 
office workers used email to send out prompts plus education to break up sitting at 
work [169]. While the emails plus education were able to reduce workplace sitting 
time, the authors found that it did not reduce sitting time any more than when 
employees received education only without email prompts. This finding contrasts 
with the previously mentioned past study conducted by Evans et al. [121], who 
indicated that point-of-choice prompting software on work computers that 
recommended breaks from sitting in addition to education was superior to education 
alone in reducing long uninterrupted sedentary periods at work. More research is 
needed to understand whether combining both reminders with educational support 
(via email) is required to educate but also prompt the use. 
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23.3.4 The Role of the Media 

The influential role that the media can play in health behaviours, particularly during 
times of critical need such as during the COVID-19 pandemic has been recently 
affirmed [170]. Commercial marketing principles of combining mass media with 
product distribution were well established long before their adoption into the public 
health domain [171]. Over time, refinement of communication theories and cam-
paign strategies and their application to an extensive range of health behaviours have 
led to more sophisticated campaigns. A recent review indicated that mass media 
health communication campaigns allowed for timely interventions to increase 
healthy behaviours [170]. Health communication campaigns apply integrated strat-
egies to deliver messages designed to inform, influence, and persuade target audi-
ences’ attitudes about changing or maintaining healthful behaviours [172]. Messages 
can be transmitted through a variety of channels [170], such as traditional mass 
media (e.g., TV, radio, newspapers); the Internet and social media (e.g., websites, 
Facebook, Twitter); small media (e.g., brochures, posters, fliers); group interactions 
(e.g., workshops, community forums); and one-on-one interactions (e.g., hotline 
counselling). 

Media coverage on the topic of sedentary behaviour is rising rapidly. As this trend 
continues, the opportunity to design multi-component interventions is pertinent. In 
particular, the continued rise of social media as a communicative platform also lends 
itself well to health interventions and creating awareness. According to a new 
eMarketer report, “Global Social Network Users 2020” [173], 2.99 billion people



worldwide, were social network users in 2019, before the COVID-19 pandemic. In 
2020, it was estimated that 3.23 billion people globally were social network users 
during the COVID-19 pandemic. It is estimated that by 2024, the global social 
network audience will total 3.64 billion people. We suggest that rather than being 
considered a barrier, it instead poses an opportunity to harness the reach and 
effectiveness of social media as a tool to communicate the detriments of sedentary 
behaviour to the abundant target audience. Such high levels of social media inter-
action may provide the most opportune platform for intervention strategies and 
employment of prompts/alerts. 
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The combination of public awareness, mass media reach, interaction with people 
who may be employing sedentary behaviour reduction strategies and actively using 
devices to track their sedentary behaviour, may have a substantial and influential 
effect on behaviour. It is suggested that as awareness regarding sedentary behaviour 
as an independent risk factor continues to grow, mass media campaigns with a strong 
social media focus should be employed to strengthen intervention strategies that aim 
for long-term behavioural change. Development of new health communication and 
social marketing campaigns and programs could play an important role in reducing 
sedentary behaviours. Health-related behaviours are determined by an interplay of 
personal, behavioural, and environmental factors. Given the unique attributes of 
sedentary behaviour (e.g., ubiquitous, habitual, socially reinforced), understanding 
the factors that underpin sedentary behaviour is critical and is a required step to 
effectively design interventions to reduce sedentary behaviour. Applying advanced 
user cantered design approaches to deliver “just-in-time” prompts and interventions 
to reduce sedentary behaviour should be a primary concern to industries when 
designing devices and supporting communicative platforms. Future work should 
focus on assessing “in the moment” contextual factors related to sedentary behav-
iour. Such findings would provide a basis for developing devices that detect the 
ecological conditions that coincide with or predict sedentary behaviour. Long-term 
interventions are also needed to determine how strategies perform over extended 
periods of time. The chronic effect would provide invaluable data informing the 
level of adaptive technology needed to withstand likely fluctuations in user interest 
over time. 

23.4 Organisations Promoting Health Behaviour 

Changing attitudes and behaviours is reliant upon organisational research, funding, 
and support at local, national, and international levels. Governing bodies and 
policymakers that influence health, education, and welfare provide the most influ-
ential platform for population change and therefore need to understand and commu-
nicate the importance of sedentary behaviour. We discuss those that may impact 
policies and understanding that may be disseminated at the community level. 
Ultimately these include research institutions, health, welfare, and neighbourhood 
organisations.
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23.4.1 Research Institutions 

There is a broad research agenda that must be pursued by research institutions 
including understanding the unique and shared contribution of sedentary behaviour 
on health outcomes and developing effective strategies to reduce sedentary behav-
iour in various subgroups and contexts. Research institutions must endeavour to 
pursue translational research in real-world settings to design interventions that have 
scalable public health impact. Research in the behavioural science field must aim to 
be both “contextual” and “practical” [174]. Worksites, schools and neighbourhoods 
pose numerous challenges within different contexts—environmental, organisational, 
social, and cultural. The research purpose and design must be applicable to the 
context for which it is intended to ensure that it is both practical and effective. 
Collaboration between institutions is crucial to conducting such large-scale, impact-
ful studies and may be facilitated by organisations such as the Sedentary Behaviour 
Research Network (SBRN). The SBRN is the only organisation for researchers and 
health professionals that focuses specifically on the health impact of sedentary 
behaviour. SBRN’s mission is to connect sedentary behaviour researchers and health 
professionals working in all fields of study and to disseminate this research to the 
academic community and to the public at large. Continuing to develop such power-
ful networks will broaden understanding and outreach across organisations and 
communities. 

23.4.2 Funding Organisations 

Funding organisations such as the National Institutes of Health (NIH) have the 
power to dictate the type of research that can be conducted and therefore are major 
influencers in promoting health. Findings can shape government recommendations 
that may directly or indirectly facilitate changes in public health. By leveraging 
current knowledge and growing momentum, funding organisations such as the NIH 
should continue to provide access to small and large-scale funding that aims to 
establish preventative measures, particularly in high-risk populations. Increased 
awareness and adoption of preventative measures hinges upon the strategies that 
have demonstrated feasibility, efficacy, and effectiveness. Considering the real-
world barriers is vital to future studies. Funding organisations such as the NIH 
must continue to fund longitudinal experimental designs that tackle “real-world” 
settings in order to truly impact public health.
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23.4.3 Health Organisations 

One of the most notable health organisations with an extensive reach and influence 
in all aspects of health is the WHO. The WHO is a specialised agency of the United 
Nations (UN) that is concerned with international public health. In an effort to 
increase awareness regarding sedentary behaviour, they have formed and funded 
several collaborative programs. The WHO recently released updated guidelines for 
physical activity and sedentary behaviours by age group (i.e., children/adolescents, 
adults, older adults) and for special populations (e.g., pregnant and postpartum 
women, individuals with chronic conditions and/or with disabilities) [7]. For the 
first time, these guidelines now include recommendations on the associations 
between sedentary behaviours and health outcomes. The guidelines recommend 
that individuals of all age groups should limit sedentary time (screen time in 
particular for children) and that this time should be replaced with physical activity, 
particularly levels of moderate-to-vigorous physical activity. Similarly, the US 
Department of Health and Human Services released updated guidelines for physical 
activity in 2018 [6]. These guidelines now also include, for the first time, a discus-
sion regarding the risk of sedentary behaviours and its relation to physical activity. 
While a specific recommendation for total sedentary time could not be made, the 
guidelines recommend limiting time spent in sedentary behaviours. 

At the school level, Health Behaviour in School-aged Children (HBSC) was 
formed as part of a WHO initiative. This cross-national, school-based research 
study collects information on health-related attitudes and behaviours of young 
people. These studies are based on nationally independent surveys in as many as 
30 participating countries and are conducted every four years since the 1985–1986 
school year. With the emergence of sedentary behaviour as an independent risk 
factor, sedentary behaviours are now included in the survey battery. This effort not 
only aids research understanding, but it also reinforces the importance of monitoring 
sedentary behaviour in the target population. Such findings may inform future 
research directions to ultimately support more efficacious strategies to reduce the 
associated risks of sedentary behaviour and may lead to policy changes at a national 
level. For example, in 2018, the national physical activity recommendations for 
Americans released the first guidelines for pre-school aged children (3–5 years) and 
expanded on strategies to help youth achieve the recommendations in a variety of 
settings including childcare, school, and the community [6]. The WHO and US 
Department of Health and Human Services have the ability to reach an expansive 
population. Ensuring that scientific research is communicated effectively and appro-
priately should be a main focus. Working with funding organisations to prioritise 
and define issues of major public health concern is crucial. Transferring intervention 
effects to the real-world setting is the only way public health will be positively 
impacted.
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23.4.4 Health Coalitions 

Coalitions are aptly defined as an “organization of individuals representing diverse 
organizations, factions or constituencies who agree to work together in order to 
achieve a common goal” [175]. For example, collaboration between Ergotron, Inc. 
(Eagan, Minnesota, US) facilitated the occupational sitting in the Stand & Move at 
Work [176] project previously discussed. Such collaborative relationships across 
academia and industry enable the pooling of resources, expertise, and funding. 
Reducing sedentary behaviour on a global scale is reliant upon the continued growth 
and development of coalitions that merge different areas of expertise and access to 
populations. The number of funded community health projects that rely on coalitions 
represents a considerable investment of resources. There are opportunities to gain 
research efficiencies by leveraging existing epidemiologic cohorts and health sys-
tems. Health systems can provide an excellent setting for pragmatic trials and 
observational studies examining relationships of sedentary behaviour with health 
outcomes, health costs, and utilisation [177]. 

23.5 Evaluation of Community-Based Interventions 

Overall, it is clear that assessing the correlates of sedentary behaviour at the 
community level is one helpful tool towards ultimately slowing the significant 
impact of sedentary behaviour on both child and adult health. By identifying 
socio-demographic correlates of worktime, school-time, and leisure-time sedentary 
behaviour, higher-risk sub-populations may be identified. Community-level inter-
ventions provide access to large numbers of adults and children from differing 
backgrounds, varied social economic, or ethnic minority families. Therefore, these 
interventions have the potential to have an extensive impact on public health. 

While demographic, psychosocial, and environmental correlates of occupational 
sitting are emerging and provide potential insight into key intervention strategies, 
there are a number of limitations worth noting. First, although the use of objective 
assessments has increased in past years, many studies continue to rely on self-
reported sitting. Since the context of sitting remains challenging to measure with 
an objective monitor, and many cross-sectional studies rely on retrospective recall in 
large samples, this will likely continue to be a key limitation to future studies. 
Second, the majority of studies included short- or medium-term (< 12 months) 
effects on sedentary behaviours. Future research is needed to assess the long-term 
effects of community-based interventions on reducing sedentary behaviours. Third, 
most studies report an under-specified set of demographic, psychosocial, and micro-
and macro-environmental factors to understand the unique contribution of each level 
of the social–ecological spectrum of potential influences on sedentary behaviour. For 
example, notably lacking in the reviewed workplace studies was careful documen-
tation of micro-level environmental features such as office spatial configurations as



well as worksite policy and social determinants (e.g., implantation of standing/ 
walking meetings, cohesion in the workplace). Furthermore, the vast majority of 
recent studies reviewed have focused on the US, Australian, or UK samples of desk-
based employees. These samples may not be generalisable to other developed or 
developing countries as school and work practices are likely to differ substantially 
from one country to another. Future community-level interventions should focus on 
the direct impact of sedentary behaviour during school and work hours and inves-
tigate specific sedentary activities (rather than screen time) in relation to sex, grade 
level, occupation, location, public vs private schooling, worksite leadership, and 
teaching strategies. Future interventions must focus on multi-level approaches that 
unify various local coalitions and influence health, education, welfare, and govern-
ment policies. Initial results indicate both objectively measured neighbourhood 
characteristics as well as individual perceptions of characteristics appear to be 
important. Furthermore, findings may differ depending on socioeconomic status, 
race, and urban vs rural settings. These observational studies are critical to inform the 
design of interventions and policies. 
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Across multiple settings, it is still largely unknown how the dose and frequency of 
breaks to sitting time may reduce the potential negative effects of prolonged 
sedentary periods. Understanding the dose–response relationships at community 
levels is crucial to intervention success and will inform future national and interna-
tional guidelines around sedentary behaviour. Such findings also may improve the 
feasibility and acceptability of community-based interventions which face more 
complex organisational, socioeconomic, cultural, and political barriers. It is also 
important to note that individual-level factors influencing sedentary behaviour and 
intervention success may become more or less effective at the community levels due 
to a number of other influencing factors. For example, age may not play a significant 
role at the individual level, however, in a school environment, correlates and 
determinants may differ based on grade level. Such knowledge may help develop 
more tailored, effective strategies. Overall, at the community level, there is a 
predominance of cross-sectional studies, which may inhibit the determination of 
causality between variables. More randomised controlled trials should be conducted 
to confirm deleterious effects attributed to some sedentary behaviours. Future 
epidemiological studies need to assess multiple sedentary behaviours as there is 
growing epidemiological evidence that certain sedentary activities are more detri-
mental for health than others. To increase the current knowledge of sedentary 
behaviour, future studies must incorporate more accurate methods suited for their 
research question (e.g., inclinometers for time spent sitting vs self-report for con-
textual information) to obtain an accurate measure and contextual information of 
sedentary behaviour [178]. Finally, in contrast to early research, physical activity 
should be measured as a confounding and/or interactive factor in all experimental 
designs.
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23.6 Summary 

The “drivers” of sedentary behaviour include both elements of conscious decision-
making and habitual responses cued or required by public policy. Thus, interven-
tions should take advantage of changes in the built and social environments, the use 
of social networks, and the promotion of relevant public policy changes that are all 
accessible at the community level [179]. The acceleration of new and innovative 
technology also presents a need to determine how new technologies can be inte-
grated with principles of behavioural science to reduce sedentary behaviour at the 
community level. The ability to track sedentary behaviour and communicate it to the 
user is a potential effective sedentary behaviour reduction strategy. The magnitude, 
long-term effects, and optimal design in various environments and contexts are still 
unknown. The technological capability to alert or remind the user to stand or move is 
no longer a novel feat. However, understanding the underlying contexts of sedentary 
behaviour to determine when and how to use prompts effectively continues to be a 
challenge. Technology industries and researchers alike must now generate context-
driven approaches that consider both opportunity and receptivity of the user to 
optimise intervention strategies. Integrating behavioural science theory with an 
iterative user-oriented design process is needed to optimise multi-component strat-
egies that can adapt over time. Conversely, identifying strategies associated with less 
promising interventions can ensure that intervention designers do not devote time 
and resources to developing futile strategies. Advances in technology should be 
employed at multiple intervention levels to accommodate the determinants of sed-
entary behaviour across the life course. 

There is a need to evaluate the feasibility, acceptability, and effectiveness of 
different sedentary reduction strategies across the life course. The power of qualita-
tive information must not be overlooked as it is vital in understanding the causes of 
excessive sedentary behaviour. Such information is needed to help researchers 
understand community barriers, beliefs, attitudes, and acceptability of different 
intervention and measurement approaches. Sedentary behaviour is a complex epi-
demic with various contributing factors at multiple levels. Although conclusive 
evidence is lacking, it is suggested that multi-level approaches that include individ-
ual, community, and organisational levels, across and within different settings, will 
produce larger and longer lasting effects [180]. Ultimately, a combined effort of 
strategies that target sedentary behaviour as an independent risk factor, across 
multiple settings, such as schools, workplaces, and neighbourhoods, is required. 
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Chapter 24 
Sedentary Behaviour and the Social 
and Physical Environment 

Trish Gorely, Simone A. Tomaz, and Gemma C. Ryde 

Abstract Sedentary behaviour is influenced by factors across all levels of the 
social-ecological model. This chapter focuses on the physical and social environ-
mental levels of analysis. The chapter summarises environmental correlates of 
sedentary behaviour, addresses potential theoretical approaches and examines the 
evidence for the effectiveness of environmental interventions on sedentary behav-
iour. Where relevant the discussion is separated into early years, children and 
adolescents, adults and older adults. Where data are available, specific populations 
such as young people with disabilities are discussed. Some features of the home and 
workplace have been shown to be associated with sedentary behaviour; however, 
less is known about influences on sedentary behaviour in other contexts. Theoretical 
perspectives that may be particularly relevant when considering environmental 
influences are discussed, including social cognitive theory, habit theory, social 
network analysis and systems theory. The theories employed need to try and capture 
the complex inter-relationships between individuals, the groups they operate within 
and the physical and social context. There is some evidence to suggest that incor-
porating environmental modifications into sedentary behaviour interventions is 
likely to be effective for both young people and adults. 
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What Is New?
• In line with movement behaviour recommendations and an increasing 

evidence base, we have drawn a distinction between early years and 
school-aged children as the nature of sedentary behaviour and the influence 
of social and physical environments differ across these age groups.

• Reflecting the increased attention to sedentary behaviour among older 
adults, these sections have been expanded and also highlight the challenges 
with evidence within this group due to assumptions around ‘who is an older 
adult?’.

• More correlates have been explored across the lifespan; however, there 
remain issues with consistency in the definitions of individual correlates, 
and many social and physical environment correlates have still been studied 
too few times to draw strong conclusions.

• There is evidence of increased interventions targeting sedentary behaviour; 
however, the specific influence of social environmental factors within 
interventions is difficult to tease out. Physical environment interventions 
remain largely focused on standing desks within schools and workplaces. 

24.1 Introduction: Social and Physical Environment 

Sedentary behaviour is ubiquitous, and to understand this behaviour we need to first 
understand the influences upon it. Social-ecological models have been widely used 
to explain health behaviours. At their core is the suggestion that behaviour is the 
product of individual factors (see Chap. 16), organisational/community factors (see 
Chap. 23), social context or circumstances, the physical environment and wider 
socio-political influences such as policy (see Chap. 25). The factors influencing a 
given behaviour interact across these different levels. This wide view of influences is 
important because it suggests that in order for behaviour change interventions to be 
effective, they must not only provide the individual with the skills to change and 
regulate their behaviour but also work to create social and physical environments 
that support the desired behaviour. This chapter focuses on the relationship between 
the physical and social environments and sedentary behaviour. 

The physical and social environment/context together create a behaviour setting 
in which a person operates. The behaviour setting construct is central to social-
ecological approaches and highlights the importance of context when considering 
different behaviours [1]. Behaviour settings can present a cue(s) to an individual, 
which prompts a predictable behavioural response [2]. For example, a behaviour 
setting comprising a living room centred around a television (TV) and the presence 
of family might cue an evening spent sitting watching a film. Changing an element of 
the behaviour setting may result in a different behavioural outcome. For example, a 
young person may behave quite differently when they get home from school, 
depending on whether there is an adult present. Understanding the interaction



between the social and physical environment within different behaviour settings is 
therefore important. 
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24.2 Influence of the Social Environment on Sedentary 
Behaviour 

24.2.1 Early Years (0–5 Years) 

Since the previous edition of this book, there has been a substantial increase in the 
number of studies looking at sedentary behaviour in children aged five and under. 
For this reason, the five and under age group (also referred to as the ‘early years’ 
from this point) has been differentiated from the ‘children and adolescents’ group. 
This is consistent with the age stratification of various published movement behav-
iours guidelines across the life course [3–6]. 

The home and preschool environments have been identified as important settings 
in which children under the age of five years spend much of their time. Systematic 
reviews of the correlates or determinants of sedentary behaviour in the early years 
have identified only a few consistent home-based social factors associated with 
sedentary behaviour. Pereira et al. [7] assessed 19 different social and cultural 
correlates. Parental attitudes towards physical activity were the most reported cor-
relates (whether positive or negative), but these were consistently classified as 
having no association. 

There are conflicting results for the relationship between parental rules around 
screen-use and sedentary behaviour in young children, with one systematic review 
reporting a positive relationship [8] and three reporting an indeterminate relationship 
[7, 9, 10]. There is some evidence that parents are role models for sedentary 
behaviour, as parent electronic media use and sedentary time is positively associated 
with electronic media use in early childhood [9–12]. However, Pereira et al. [7] 
reported that parent screen time (maternal or paternal) was not consistently associ-
ated with children’s sedentary time. It is notable that neither maternal sedentary 
level, nor parental sedentary level, were reported enough times to determine a 
direction of the findings, although both appeared to display positive associations 
with sedentary time in children [7]. A systematic review of qualitative studies 
exploring barriers and facilitators of physical activity and sedentary behaviour 
identified and synthesised several correlates across the social-ecological model 
[13]. The role of parents (in the context of modelling TV-based behaviour and 
using sedentary forms of travel such as strollers and cars when time-pressed) was 
identified as an important correlate.
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24.2.2 Children and Adolescents 

Children and adolescents spend significant periods of time either at home or at 
school and these represent important behavioural settings in which to understand 
their behaviour. Systematic reviews have identified only a few consistent home-
based social factors associated with sedentary behaviour in children and adolescents. 
Systematic reviews have reported an inverse relationship between parental rules 
around screen-use and sedentary behaviour in children and early adolescents 
[14, 15]. One study reported within the Maitland et al. [15] review investigated the 
relationship between the physical environment and the social environment and found 
an inverse relationship between parental rules and TV use only when there was a TV 
in the bedroom demonstrating the inter-relationships of physical (e.g., TV in bed-
room) and social (e.g., parental rules) environment correlates. These reviews also 
suggest that parents are role models for sedentary behaviour, as parent electronic 
media use or sedentary time was positively associated with electronic media use in 
young people [14, 15]. Positive relationships have also been reported between 
family support and sedentary time [15]. These family-related influences may present 
a challenge within intervention design as parents often perceive their co-viewing and 
modelling behaviours as important components of family life that foster communi-
cation and enjoyment and that the implementation of rules around screen use caused 
conflict between parents and children and between siblings [16]. 

A note of caution should be applied to the systematic review findings reported 
above, as when reviews only included prospective studies (i.e., studies of a research 
design that allows prediction or causality to be examined), it was reported that there 
was insufficient evidence to support any of the potential social determinants of 
sedentary behaviour [17–19]. The basis for this conclusion was that although a 
variety of social correlates have been examined within prospective studies, specific 
social correlates have been studied too few times for conclusions to be drawn. 

Based on their extensive work involving literature reviews, secondary data 
analysis of the Canadian Health Measures Survey, input from expert panel members 
and stakeholder consultations, Rhodes et al. [20] published a consensus statement on 
the role of the family in the physical activity, sedentary and sleep behaviours of 
children and youth. The consensus statement supports the influence of family and 
reads: 

Families can support children and youth in achieving healthy physical activity, sedentary 
and sleep behaviours by encouraging, facilitating, modelling, setting expectations and 
engaging in healthy movement behaviours with them. Other sources of influence are 
important (e.g., childcare, school, health care, community, governments) and can support 
families in this pursuit (p. 2). 

They also developed a conceptual model illustrating the relationships linking 
family and the physical activity, sedentary and sleep behaviours of young people 
(see Fig. 24.1). The model places the child or young person and their movement 
behaviours at the centre. The surrounding concentric circles portray the immediate 
influence of family while also demonstrating that other sources and settings also



influence young people’s movement behaviours. Within the family, influence may 
come from parenting styles, parenting practice and parent preferences and charac-
teristics. The three boxes represent core family system constructs that might be 
sources of influence. Finally, the model acknowledges the influence of family 
demographics and family home environment on behaviour. This model captures 
the complexity of family influences within and between families and consistent with 
social-ecological approaches situates family influences within the broader social, 
physical and policy context. This is important as when looking at individual corre-
lates, we should not lose sight of the fact that any one correlate is only a small part of 
the explanation and interacts with other levels of the social-ecological model. 
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Fig. 24.1 Conceptual model illustrating the complexity of the family’s role in influencing move-
ment behaviours (adapted from: Rhodes et al. [19]) 

Friends and peers may also influence the health behaviours of young people, 
particularly as they get older [21]. While the pathways of influence are likely to be 
complex, the processes of friend and peer influence may include modelling, peer



pressure, group norms and co-participation. In a meta-synthesis of qualitative studies 
focused on reducing youth screen time, Minges et al. [16] reported that the absence 
of peer social support networks promoted screen time. In addition, Sawka et al. [21] 
reviewed the evidence for the influence of friendship networks on physical activity 
and sedentary behaviour in young people 6–18 years of age. The authors identified 
three studies focused on sedentary behaviour with contradicting results. One study 
found no consistent evidence to support peer effects on TV viewing [22]. However, 
another study reported a positive relationship between friends gaming and internet 
use and individual’s gaming and internet use for girls in the three different friendship 
networks studied, but only in one of the three studied networks for boys [23]. Finally, 
using a measure of popularity, Strauss and Pollock [24] reported that as an individ-
ual’s popularity increased, daily TV time decreased. The findings of the Sawka et al. 
[21] review suggest that the influence of friendship networks on sedentary behaviour 
may vary by gender and the type of sedentary behaviour studied. 
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A systematic review by Morton et al. [25] focused on the school environment and 
physical activity and sedentary behaviour in 11–18-year-olds. Both quantitative and 
qualitative studies were included. The authors concluded that while there has been 
research attention on elements of the social environment and physical activity, there 
has been very little attention given to how the school social environment either 
facilitates or inhibits sedentary behaviour, and that there is a need for more work in 
this area. This conclusion is consistent with an earlier review by Verloigne et al. [14]. 

Reviews are starting to emerge focused on specific countries (e.g., Indonesia [26]; 
Thailand [27]), populations (e.g., Downs Syndrome [28]; Autism Spectrum Disorder 
[29]) or time periods (after school period [30]). The country-specific reviews 
acknowledge that differences in social, cultural, environmental and economic factors 
mean that the correlates or determinants of sedentary behaviour may vary between 
countries, and therefore there is a need to understand these at a country level if 
effective interventions are to be developed [27]. They also reflect a growing 
acknowledgement of the need to look beyond research evidence from high-income 
countries [26]. While neither of these reviews identifies specific social correlates of 
sedentary behaviour due to insufficient primary papers, the rationale for the reviews 
tacitly supports the influence of the social environment on behaviour. Young people 
with disabilities are at increased risk of sedentary behaviour, and an understanding of 
the correlates in these groups would contribute to the design of targeted interven-
tions, see, for example, reviews by Agiovlasitis et al. [28] and Jones et al. [29]. While 
it is encouraging to see the emergence of this focus, both of these reviews identified 
insufficient evidence from which to draw conclusions about the influence of social 
environment factors, although there is preliminary evidence of familial influences on 
the sedentary behaviour of people with Downs Syndrome [28]. Likewise, Arundell 
et al. [30] in their review of the correlates of afterschool behaviour among children 
found insufficient papers including social correlates to draw conclusions but argued 
for a more nuanced exploration of the effect of setting on children’s sedentary 
behaviour.
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24.2.3 Adults: Settings Excluding the Workplace 

Review evidence on the correlates of sedentary behaviour in adults has expanded 
greatly since 2016 when only two key papers were identified that examined the 
correlates of sedentary behaviour in the general, adult population (aged 18–65 years) 
[31, 32]. For social correlates, the 2012 review by Rhodes et al. [31] did not identify 
any potential social-environmental correlates with mainly intrapersonal correlates 
reported. In contrast, O’Donoghue et al. [32] conducted a review based on the social-
ecological model and identified two domains of social correlates: family-related 
factors and social factors. For these, inconsistent relationships were found between 
sedentary behaviour and the family-related factors of marital status, living arrange-
ments (i.e., whether people lived alone or not), family commitments and number of 
children. There were no clear relationships between sedentary behaviour and social 
factors such as social norms, social cohesion, interaction, support and sense of 
community. The authors suggested these results were unexpected, and there was a 
need for further research investigating the potential interaction between individual, 
social and physical environmental factors. 

Studies published since then have expanded their scope when assessing correlates 
of sedentary behaviour across different domains and populations. Perhaps the most 
comprehensive review was published by Prince et al. [33]. Although the majority of 
included papers focused on the general population, some focused on clinical 
populations. However, in general, there is a paucity of literature exploring the social 
and environmental correlates of sedentary behaviour in ‘special populations’ (e.g., 
pregnant people or people with disabilities). Compared with previous reviews, a 
wider range of social-environment correlates were reported by Prince et al. 
[33]. However, many of these were inconsistent and varied by the type of sedentary 
behaviour and domain assessed (e.g., leisure, transport). For social environment 
correlates a consistent lack of association was found between social support, crime/ 
safety and sedentary behaviour (leisure-time sedentary behaviour, sitting and total 
sedentary time). Other social correlates were studied, but on too few occasions for 
conclusions to be drawn. Whilst some conclusions about the relationship between 
sedentary behaviour and social correlates were made, these were cautious due to the 
limited number of studies and the heterogeneity of outcomes reported [33]. 

Other recent reviews have addressed more specific adult populations (e.g., uni-
versity students [34], Asian adults [35], Thai population [27], adults with intellectual 
disabilities [36]). As with the more general reviews, too few studies (1 or 2 per 
correlate) or studies of poor quality/high risk of bias were reported making conclu-
sions difficult. Muller et al. [35] reviewed correlates of sedentary behaviours in 
Asian adults including 19 studies that investigated social factors. They reported that 
marital status was positively associated with sedentary behaviour for married women 
in Middle East Asia; however, this was based on only two studies. Likewise, 
Oppewal et al. [36] in a review of sedentary behaviour correlates in adults with 
intellectual disabilities reported that living arrangements were not a correlate of 
sedentary behaviour, but this was based on only three studies.
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Heterogeneity of terminology and the subsequent large number of variables 
assessed by studies makes drawing conclusions on the relationships between seden-
tary behaviour and social factors challenging. Furthermore, some correlates such as 
socio-economic status (SES) and marital status are grouped within different correlate 
areas across reviews. For example, marital status is sometimes classed as a social 
correlate under the family factor [32, 35], but others categorise this as an intraper-
sonal correlate [33]. A key future priority is for standardisation of definitions and 
classifications of correlates [33]. 

24.2.4 Adults: Workplace 

An important sedentary behaviour setting for many adults is the workplace. The 
social environment at work, including cultural norms and colleague expectations, is 
likely to contribute to how sedentary adults are in this setting. For example, if you 
have a predominantly computer-based role, then whether your manager supports 
taking a break from sitting at your desk is likely to influence how much you sit. 
Alternatively, an employee using a standing desk when their colleagues are all sitting 
down might feel it is not acceptable to do so and may therefore sit more 
[37]. Review-level evidence suggests there is still limited evidence on the effect of 
the workplace social environment on sedentary behaviour [38]. Early work using 
self-reported measures of sedentary behaviour reported neither perceived social 
norms about sitting less at work nor perceived social support to sit less at work 
were associated with occupational sitting time [39], but employees who reported 
more visible co-workers were more likely to break from sitting [40]. More recent 
cross-sectional studies have explored similar social correlates at work using device-
based measures of sedentary behaviour. Mullane et al. [41] found that face-to-face 
interaction with colleagues was negatively associated with prolonged sitting, and 
Kurita et al. reported that ‘seeing work colleagues taking sedentary breaks’ was 
related to more sedentary breaks and shorter bouts of sedentary time [42]. However, 
another study found that neither perceived encouragement of breaks by managers 
nor the perceived social environment was related to sitting or sit-to-stand transitions 
[43]. With potentially very small differences in sedentary behaviour being reported 
for social correlates, the relationship between the social environment and sedentary 
behaviour is likely to become clearer as more research using device-based measures 
of sedentary behaviour emerges. In addition, how the social environment is defined 
(‘perceived’ social norms vs actual social contact and co-worker visibility) and 
assessed may also influence potential associations, with these issues previously 
raised in the physical activity literature [44]. 

There is also expected to be a shift in the direction of research assessing the 
effects of the workplace social environment and sedentary behaviour with the move 
towards home working or flexible working. Prior to the 2019 COVID-19 pandemic 
and mandatory home working in many countries, Olsen et al. [45] conducted a 
qualitative study 6 months after the introduction of a flexible work policy in a group



of Australian office-based employees. Employees suggested that whilst physical 
activity was not impacted from working at home, sedentary behaviour had increased. 
Taking this evidence together, there is a need to look more closely at the role of 
social connections and the social environment (particularly in a working-from-home 
environment) when exploring sedentary behaviour in the working day. 
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24.2.5 Older Adults 

Older adults have the highest levels of sedentary behaviour when compared with 
other age groups across the life course. In the context of sedentary behaviour, they 
are also persistently the least studied age group. Furthermore, the literature describ-
ing sedentary behaviour in older adults is often ‘compromised’ by a lack of consis-
tency in the defined age range. For example, people aged as young as 50 years old 
are included as ‘older adults’ in some papers included in systematic reviews. As 
such, data for older adults is often presented with adults’ data. In some contexts, this 
is appropriate (e.g., an employed 67-year-old may have the same sitting behaviour 
traits as a 40-year-old in the same workplace). However, there appears to be limited 
attention paid to more specific older adult populations (e.g., older adults in care 
homes, retired older adults) in the context of understanding sedentary behaviour and 
designing appropriate interventions. 

Since the previous edition of this book, new evidence regarding the influence of 
the social environment on sedentary behaviour in older adults has seen limited 
progression. The evidence describing correlates of sedentary behaviour in older 
people still appears to focus on individual-level factors (described in Chap. 16) 
[27, 35, 46]. Chastin et al. [46] identified only two studies that reported on interper-
sonal factors. In one study loneliness was associated with a small increase in TV time 
[47] and in another, those living alone watched more TV than those in shared 
accommodation [48]. In addition, perceptions of the demographic make-up of the 
neighbourhood may influence TV time. Older adults who perceived they were living 
in a neighbourhood with not too many other older adults, and not too many youth or 
migrants, watched less TV. 

24.3 Influence of the Physical Environment on Sedentary 
Behaviour 

24.3.1 Early Years 

Although the field of sedentary behaviour in the early years has seen an increase in 
studies exploring the effects of the physical environment, the results of these studies 
persistently report null or mixed findings, often due to the quality of studies and the



number of studies conducted. Physical activity remains the dominant behaviour of 
interest in this age group. 
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A review looking at longitudinal studies exploring the relationship between 
non-parental childcare (attendance and details thereof) and sedentary behaviour 
(among other health behaviours and diet) reported little to no relationship, although 
this was based on only 3 studies (out of 13 eligible) exploring sedentary behaviour 
[49]. However, a review conducted by Azevedo et al. [50] looking at the determi-
nants of change in objectively measured sedentary behaviour in 0–6-year-olds found 
that parts of the day (the after childcare/after school period) and developmental 
progression (transition from childcare to school) were associated with an increase in 
sedentary behaviour. More research is needed to establish how the physical envi-
ronments within these time periods influence sedentary behaviour. 

In addition to assessing the social correlates described above, Pereira et al. [7] 
also assessed 15 different physical-environmental correlates. The most frequently 
studied correlate of sedentary time was ‘spaces outside the home’, which had no 
association with sedentary time in toddlers or preschool-aged children. Additionally, 
other correlates that had null association included home indoor environment, screen 
or other electronic devices inside the house and usage of parks; although it was noted 
that there is a general lack of studies to draw robust conclusions [7]. In contrast, the 
systematic review of qualitative studies by Hesketh et al. [13] identified that having a 
home environment that gave rise to sedentary behaviours, including having a TV on 
persistently, was associated with increased sedentary time. Furthermore, they iden-
tified poor weather as a correlate, and this was more prominent where covered 
playground space was limited, and TV time was used as an alternative. 

There is some evidence to suggest that within preschool (early years education) 
settings, the presence of outdoor environments is associated with lower levels of 
sedentary behaviour (and conversely, positively associated with physical activity) 
[51]. There is much work still to be done to understand the role of the physical 
environment on sedentary behaviour (especially as a behaviour that is distinct from 
physical activity, rather than the absence of it) in the early years. 

24.3.2 Children and Adolescents 

There is some evidence that having a TV in the bedroom is associated with greater 
sedentary behaviour [15, 52], although this relationship is not consistent across 
reviews [14, 17]. It is possible that this relationship may be changing with changes 
in technology and the way people consume TV [17]. For example, in a review 
conducted as part of the development of a consensus statement on the role of the 
family in movement behaviours within young people, Rhodes et al. [20] reported a 
positive relationship between electronics (as opposed to simply TV) in children and 
youth’s bedrooms and screen-viewing behaviour. Mixed results have been reported 
for the relationship between the number of TV sets in the home and viewing time in 
young people [14, 15, 52], and the effect may be stronger in girls compared with



boys [52]. Looking more broadly, Rhodes et al. [20] also reported the number of 
electronics in a household as a positive predictor of screen-viewing. When 
synthesising qualitative studies, Minges et al. [16] concluded that ready access to 
screen-based entertainment in the home promoted screen time and the absence of 
safe and affordable alternatives outside the home acted as a barrier to reducing screen 
time. There is some evidence that the availability of physical activity equipment in 
the home is inversely associated with sedentary behaviour [15]. As with the school 
social environment, little attention has been given to how the physical environment 
of the school influences sedentary behaviour [14, 25]. No other physical environ-
ment influences have been consistently identified within recent systematic reviews 
(e.g., [28, 30]), with reviews demonstrating that potential physical environment 
influences have not been examined frequently enough to draw conclusions. 
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24.3.3 Adults: Settings Excluding the Workplace 

Whilst O’Donoghue et al. [32] found only a limited number of studies that had 
examined physical environment influences on sedentary behaviour in adults, more 
recent studies largely support these previous findings. At the home level, 
O’Donoghue et al. identified two studies that suggest that after adjustment for 
socio-economic factors, the size of the largest TV and the number of computers in 
a household was positively associated with TV and internet usage. Prince et al. [33] 
reported five of seven studies where ownership or number of TV/media was posi-
tively associated with leisure time sedentary behaviour. For other environmental 
factors such as neighbourhood characteristics and geography, the relationship with 
sedentary behaviour is less clear. Several studies have reported more urban environ-
ments to be associated with higher levels of total sitting time and sedentary behav-
iour [33]. In contrast, in a review looking specifically at neighbourhood 
environmental attributes and adult’s sedentary behaviour, it was reported that people 
living in urban areas had lower levels of sedentary behaviour compared to residents 
of regional areas [53]. Other studies suggest living in a rural area was associated with 
more time spent sitting for transport [32, 54, 55]. Inconsistent results are also 
reported for the relationship between sedentary behaviour and other neighbourhood 
characteristics such as proximity to destinations and facilities, land mix-use and 
connectivity. One review found a consistent lack of association between these 
factors and total sitting time [33], whilst another suggested having better access to 
destinations was associated with lower levels of sedentary behaviour, and this result 
is more consistent when domain-specific (e.g., transport, leisure) rather than total 
sedentary time is examined [32]. In addition, inconsistent or non-significant results 
were reported for walkability, social and safety issues, aesthetics and route charac-
teristics (e.g., traffic, pedestrian infrastructure) [33]. 

As was found with social environmental factors, the relationship between 
neighbourhood characteristics and sedentary behaviour may depend on the type of 
sedentary behaviour measured. Kooshari et al. [53] concluded that while the



evidence to date suggests that sedentary behaviours are not closely associated with 
neighbourhood characteristics, measurement limitations in the extant research mean 
that we should continue to investigate them with stronger designs. For example, 
there has been a lack of congruence between the settings where sedentary behaviour 
takes place (e.g., indoors, home, work) and the settings in which the environment 
was measured (e.g., outdoors, neighbourhood). Further research is required to 
determine the potential impact of neighbourhood characteristics on sedentary 
behaviour. 
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24.3.4 Adults: Workplace 

This is a broad area and may include aspects such as furniture design, workplaces 
with poor transport connections but ample parking for cars, lack of active transport 
facilities such as bicycle parking or showers, and how the physical workplace is laid 
out including space to move about and the visibility and aesthetic appeal of stairwells 
[1, 56]. As with the social work environment, research into workplace physical 
environment correlates is developing with many studies published since 2016 and 
more correlates being assessed beyond that of merely the internal work environment. 
For example, a review by Lin et al. [57] assessed the workplace neighbourhood and 
employees’ physical activity and sedentary behaviour. Of 55 studies included, 
7 reported on sedentary behaviour, all of which were in the transport domain. 
They suggested that destination-related attributes including longer commuting dis-
tances and access to car parking were associated with more transport-related seden-
tary behaviour. 

Looking at the internal workplace physical environment, there is some cross-
sectional evidence that office configuration and proximity to your colleagues might 
be correlates to consider. For example, Duncan et al. [40] reported that for shared 
and open-plan offices, workers who perceived that there was more local connectivity 
between desks took more breaks from sitting. The same result was not found in 
private offices. In contrast, Sawyer et al. [43] found neither perceived distance to 
office destinations nor perceived office aesthetics to be related to device-measured 
physical activity or sitting outcomes. Duncan et al. [40] also reported that co-worker 
proximity was associated with more breaks in sitting for those in open-plan offices. 
Similarly, Mullane et al. [41] using device-based measures reported that individuals 
in private as opposed to public office spaces sat more, stood less and engaged in 
more prolonged sitting but that sector of employment was an important moderator 
for several correlates. However, whilst co-worker proximity might be a potential 
correlate of sedentary behaviour, more evidence is needed to support these findings, 
and it is hard to distinguish whether this would be classed as a physical or social 
environmental correlate. 

More evidence is also emerging on having a standing desk as a correlate of 
sedentary behaviour as opposed to standing desks being implemented as part of 
intervention strategies. In a naturalist, cross-sectional study, Wallmann-Sperlich



et al. [58] interviewed 680 employees based in Germany, where standing desks are 
routinely provided in workplaces, and assessed the availably of standing desks, 
frequency of use and potential correlates. Only 16% had a standing desk, with 
50% of these reporting regular usage. Having a standing desk was not reported as 
a correlate of the proportion of the workday spent sitting. Whilst further evidence is 
needed to confirm such findings and more robust study designs, merely providing a 
standing desk may not be enough to influence workplace sedentary behaviour. 
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24.3.5 Older Adults 

Consistent with social correlates of sedentary behaviour, since the previous edition 
there has been limited work done to expand our understanding of environmental 
correlates of older people’s sedentary behaviour. In a systematic review describing 
built environment attributes between high- and low-income countries and the asso-
ciation with sedentary behaviour (and physical activity), Cleland et al. [59] found 
only 4 studies (out of 64 studies included) to compare built environment attributes. 
According to this review, there were no differences in the influence of the built 
environments between high- and low-income countries on the domains of older 
adults’ sedentary behaviour. However, this finding was driven by a paucity of 
literature. There is conflicting evidence for the effect of other environmental corre-
lates (e.g., land mix use/accessibility and street pattern) and how these influence 
older adults sedentary behaviour [59]. 

24.4 Models and Theories of Sedentary Behaviour 
at the Social and Physical Environmental Level 

It is generally accepted that interventions based on theory are more effective than 
those that are not. In this section, we overview theories that might be particularly 
relevant when considering environmental influences on sedentary behaviour. Some 
theories, such as social cognitive theory (see Chap. 16), include the influence of the 
environment as a key component and provide a potentially useful framework for 
considering the inter-play between influences at different levels of the socio-
ecological model. A core concept of social cognitive theory is reciprocal determin-
ism, which means individuals can act as both agents of, and responders to, change. 
Under this idea, changes in the environment or the examples of role models can be 
used in attempts to change behaviour. 

Dual-process models acknowledge that both conscious and non-conscious 
processes have a role in regulating behaviour [60], and evidence indicates that a 
dual-process framework might be particularly relevant for explaining ubiquitous 
behaviours like sedentary behaviour [61]. Theories like social cognitive theory



largely focus on conscious processes, but taking a dual-process approach may lead to 
a greater understanding of sedentary behaviour (see, e.g. [62, 63]). This approach 
suggests that information processing occurs along a continuum, with deliberate 
conscious decision making at one end and at the other end behaviours/decisions 
occurring automatically in response to environmental cues. In Chap. 16, it was 
suggested that many sedentary behaviours are frequently undertaken with little 
conscious processing or decision making and therefore theories allied to notions of 
habit or unconscious processing need to be considered when designing interventions 
to reduce sedentary behaviour. Habit may be particularly important when consider-
ing social and physical environmental influences. 
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Habits are behavioural patterns learned through situation-dependent repetition 
[64, 65]. As behaviours are performed, a mental association is made between the 
situation (e.g., the social and physical environment) and the behaviour. Over time, 
repetition of this behaviour in the same situation strengthens the association and 
makes alternative behaviours less likely [66]. In the future, when the situation is 
encountered, it cues the automatic habitual response [67]. This means that habitual 
behaviours are triggered effortlessly and without conscious processing [68]. For 
example, a teenager receives a Tablet computer as a gift. They use this to stream 
videos and play games while lying on their bed. Over time, the act of lying down on 
their bed is sufficient to automatically cue the habitual response to look for the Tablet 
and play on it. Thus recognition of the social and physical environmental cues 
associated with different sedentary behaviours is likely to be an important step in 
reducing sedentary behaviour. Lally and Gardner [67] suggest that in order to break 
habits, it is first necessary to identify these social and environmental cues. Individ-
uals can then either restructure their personal environment or plan new responses to 
those cues, essentially disrupting the environmental factors that drive a habitual 
behaviour [69]. 

As already demonstrated, human behaviours are the product of multiple influ-
ences. One potentially significant sphere of influence is the different social environ-
ments we operate in. While there is limited evidence, to date, for the influence of 
social factors on sedentary behaviour, further work is recommended in this area. 
Although the review by Sawka et al. [21] showed mixed results in adolescents, social 
network analysis has not been widely used in sedentary behaviour research 
(although see [70] as an example with older adults) but maybe a helpful approach. 
Social networks are the web of social interactions and relationships around a person 
(s) [71], and the architecture of social networks influences how information, ideas 
and behaviours spread through groups. They can be envisaged as consisting of nodes 
(individual people, groups or organisations) that are joined by ties (relationships 
between nodes) [72]. Social networks exist at school, at work, at home and in other 
public places (e.g., churches, clubs). Social network analysis is a set of theories used 
to understand these social relationships and how they might influence behaviour of 
both the individual and the group [73]. Underpinning these theories is the hypothesis 
that individuals are influenced by the people they have contact with and that the 
degree of influence on behaviour is determined by social position. For example, an 
individual’s position in a network (central or peripheral, highly connected or



isolated) will influence the information they are exposed to and the behaviours they 
adopt [70]. Social networks also have influence at the group level. For example, the 
density of an individual’s personal network (i.e., the degree to which a person’s ties 
are connected to one another) indicates to what extent a person’s friends know and 
like each other. Dense networks may reinforce a given behaviour as once a behav-
iour is accepted by the majority of the group it becomes the norm for the group [73]. 
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The theoretical underpinning for interventions based on social network analysis is 
a diffusion of innovations theory [74]. This theory explains how novel ideas or 
products are initially adopted and then spread (diffused) through a group or social 
system. Adoption typically does not happen immediately across an entire group, but 
rather some people are more willing to try something new and others are more 
reticent. Rogers [74] describes five categories of people: (1) innovators (want to be 
the first to try an innovation); (2) early adopters (usually represent opinion leaders, 
often already aware of the need for change and are comfortable adopting new ideas); 
(3) early majority (not often leaders but after seeing that the innovation works are 
willing to adopt it); (4) late majority (sceptical of change, and adopt only after the 
innovation has been tried by the majority) and (5) laggards (very sceptical and 
conservative, very late to change). It is argued that different intervention strategies 
will be needed for each of the adopter categories. 

Valente [75] contends that while diffusion of innovations theory explains the 
process of change, it does not explain how to use this knowledge to accelerate 
change. He proposes four strategies that use social network analysis to encourage 
change through diffusion. The first approach uses social network analysis to identify 
individuals who can be champions of change. These are typically your central 
opinion leaders or those individuals who bridge/link between different sub-groups 
within the network. The second approach, segmentation, uses network analysis to 
identify segments or groups of people to change at the same time. Valente [75] 
argues that people often view themselves as belonging to a group with established 
norms and practices, and these can only change if everyone changes. In this case, 
getting a group to change behaviour may be easier and more effective as the group 
can reinforce the new behaviour and provide social support for the change. The third 
approach is induction. Induction interventions would force peer-to-peer interaction 
to diffuse or cascade messages. The final approach is alteration. This approach aims 
to deliberately alter the network to promote change. This could be done by adding/ 
deleting nodes to the network (e.g., bringing in outside consultants or advisors), 
adding/deleting links within a network (e.g., working to improve communication 
between two sub-groups) or rewiring existing links (e.g., buddy systems to connect 
people with different attributes). 

While social network analysis has not been widely used in sedentary behaviour 
research and interventions, evidence from other health behaviours [76] suggest the 
potential for the influence of social norms and contexts is strong, perhaps particularly 
in worksites and schools, with their inherently complex social structures. Integrating 
learnings and approaches from social network analysis into existing approaches may 
help us better understand social influences on sedentary behaviour and sedentary 
behaviour change.
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Another approach that may be useful when considering the interplay between 
individuals and physical and social environment is systems theory or systems 
thinking. Only a brief overview of systems theory is provided here, and readers 
are encouraged to explore it further for themselves (see, e.g. [72, 77]). There is no 
one single systems theory, but all focus on all the different levels of influence from 
the social-ecological model and the complex interrelationships between them 
[78]. From a systems theory perspective, individuals ‘are complex adaptive 
systems. . .embedded within other complex adaptive systems (such as dyads, groups, 
organisations, communities, and societies)’ (p. 148; [72]). According to 
Bartholomew Eldredge [72], complex adaptive systems: (1) include agents (people) 
who have the capacity to adjust their behaviour to the environment; (2) include 
agents who interact and exchange information, and while not everyone is directly 
connected to everyone else, through these many connections information can spread 
through the system; (3) are not linear, and small ‘changes’ can have large effects and 
vice versa; (4) are sensitive to initial pre-change conditions and small differences in 
initial conditions can lead to large differences in the future; (5) are self-organising, as 
people adjust their behaviour to meet different demands and (6) are open, with cross-
over between systems as individuals move between them. In trying to understand or 
change systems, it is necessary to consider structure (e.g., people, their activities and 
their relationships), the meaning people assign to an issue/behaviour, the resources 
within a system and individual, and power relations (e.g., individuals either possess 
or need resources in a given context and this creates power relationships within the 
system). From a systems theory perspective, agents at each level of influence can 
undertake activities to alter the system and facilitate health behaviour change. 
Systems theory, by its very definition, is challenging but does point to a way of 
thinking about health issues and the complex inter-relationships that underpin both 
sedentary behaviour and sedentary behaviour change. 

24.5 A Different Perspective: Social Marketing Approaches 
to Health Behaviour Change 

Social marketing emerged in the 1970s as a way to understand and influence 
people’s behaviour [79]. It draws on knowledge from a diverse range of fields 
including sociology, psychology, anthropology and communications theory as 
well as learning from the commercial sector. Social marketing has been 
described as: ‘the application of commercial marketing technologies to the analysis, 
planning, execution and evaluation of programs designed to influence the voluntary 
behaviour of target audiences in order to improve their personal welfare and that of 
society’ (p. 7) [80]. Core principles of social marketing have been employed within 
interventions to influence lifestyle behaviours, such as reducing smoking, increasing 
fruit and vegetable consumption and increasing physical activity or active travel 
[81–84].
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According to Lee and Kotler [81], social marketing approaches emphasise under-
standing the perspectives of all people necessary to bring about change and acknowl-
edging the multiple levels of influence on an individual’s behaviour. For example, 
social marketing considers downstream (intrapersonal), mid-stream (interpersonal) 
and upstream (organisational or policy) influences on behaviour. There are obvious 
parallels here to the social-ecological model. Social marketing also focuses on the 
use of research evidence, the development and testing of concepts with key target 
groups and the marketing mix (i.e., the 4 –P’s: product, price, place promotion). 
Social marketing is fundamentally focused on people’s behaviour and aims to 
improve health and society over merely benefiting an organisation or making 
money [85]. 

Although there are similarities between social marketing and conventional health 
promotion, social marketing uses some distinctly different strategies in its approach 
to changing behaviour [86]. Both social marketing and conventional health promo-
tion are focused on behaviour change and understanding people lives, engage 
individuals in the process, extensively use health education approaches and utilise 
theory. However, when health promotion would view the people involved as 
co-producers, social marketing would see them as both co-producers and consumers. 
The customer focus places greater emphasis on knowing and understanding the 
consumers and the wider social context and place (physical environment) in which 
the intended behaviour change occurs in order to provide insight into motivation. 
Place is also an essential element of the marketing mix (i.e., where and when the 
target audience will perform the intended behaviour). Social marketing also 
addresses the wider competition to the behaviour change message/campaign and 
emphasises the wants and needs of the target audience. This broadens the focus of 
intervention efforts beyond just the desired behaviour to include other factors that 
might hinder behaviour change or compete for the attention of the participant. At its 
most basic level, it represents a systematic approach to understanding participant 
characteristics and the context they operate in, while also offering guidelines for 
effective communication to different groups [87]. 

There are not thought to be any studies that have used social marketing 
approaches with the specific aim of reducing sedentary behaviour. Despite this, 
there is potential for employing a social marketing framework or approaches to the 
development of interventions to reduce sedentary behaviour. 

24.6 Interventions Targeting the Social and Physical 
Environment to Influence Sedentary Behaviour 

While there has been increased interest in developing interventions to reduce 
sedentary behaviour, particularly among young people and in worksites, few of 
these interventions have explicitly targeted the social environment as a vehicle for



change. There has been more focus on the physical environment particularly through 
either TV monitoring devices or the provision of sit-stand desks. 
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24.6.1 Early Years 

Since the previous edition, there has been an increase in the number of interventions 
targeting sedentary behaviour in the early years. These interventions have often 
specifically addressed screen time and have sometimes targeted physical activity to 
replace sedentary time (screen time or not). Interventions have often targeted 
parents, given that parents have been identified as the ‘gatekeepers’ to screen devices 
and the role that parents play in young children’s movement behaviours in general. 

In a systematic review and meta-analysis of RCTs to reduce sedentary behaviour 
in children under 6 years (defined as preschool children and younger), Downing 
et al. [88] reported mean decreases in both sedentary time (-18.91 min/day) and 
screen time (-17.12 min/day). Interestingly, interventions targeting physical activity 
(while reporting sedentary behaviour change) tended to be more effective than 
interventions targeting sedentary time itself. This finding is consistent with other 
reviews in young children [89]. Characteristics of interventions that worked to 
reduce screen time included being 6 months or longer in length (noting that most 
interventions were at least 10 weeks in length) and having been conducted in a 
community-based setting (vs the home, preschool/childcare/healthcare settings). The 
authors noted that interventions targeting screen time and conducted in the pre-
school/childcare setting were most common and showed a significant overall effect 
in the meta-analysis (-11.97 min/day), despite only three of the seven included 
studies showing a significant intervention effect. Importantly, most of the studies 
included in the review were conducted in high-income countries (which appears to 
be a persistent issue, e.g., Kaur et al. [90] have reported the same), although there 
was some diversity in socio-economic status across studies. 

Given the potential role of the family system in promoting healthy lifestyles and 
the influence that environmental factors in the home may have on sedentary behav-
iour, family-based interventions may be particularly relevant for children in the early 
years. In a systematic review of randomised control trials, the three studies 
conducted in preschool-aged children showed significant decreases in sedentary 
behaviour [91]. 

24.6.2 Children and Adolescents 

Early reviews focused on intervention strategies to reduce screen time in children 
(e.g., Schmidt et al. [92] and Steeves et al. [93]). While most studies employed 
individual behaviour modification techniques such as goal-setting, self-monitoring, 
problem-solving and positive reinforcement, a number of early interventions also



included electronic monitoring devices (which turn off the TV after a self-prescribed 
amount of viewing) or contingent TV devices. Steeves et al. [93] reported that the 
inclusion of these devices reduced TV viewing by between 30% and 90%. While this 
represents a substantial reduction, there are questions over the long-term effective-
ness of such devices [92, 93]. There are also questions over the acceptability of the 
devices, particularly within families, as the device may impact the viewing of all 
family members and not just the target individual(s). 
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More recently, Blackburn et al. [94] examined the effectiveness of interventions 
targeting sedentary behaviour across the lifespan. Based on their systematic review 
and meta-analysis they reported that for children (2–19 years) following environ-
mental interventions there was a non-significant reduction (-18.5 mins/day) in 
sedentary behaviour in the short-term, and a small significant reduction (-8.75 
mins/day) in the long-term. However, the long-term result was only based on two 
studies and was not considered robust. The majority of the environmental interven-
tions were based in schools so little can be said about other contexts, and there is a 
need to know more about non-school settings, such as home or community. Studies 
with combined environmental and behavioural components showed significant 
reductions in sedentary behaviour in the short- (-27.4 mins/day) and long-term 
(-17.5 mins/day). The authors suggest that multi-component interventions may be 
the most promising due to the multi-faceted nature of sedentary behaviour. 
Blackburn et al. [94] also examined the complexity of the intervention and demon-
strated that environmental interventions are less complex, but this did not detract 
from their effectiveness as there was no relationship between complexity and 
effectiveness. 

Lam et al. [95] conducted an umbrella review and meta-analysis evaluating the 
effectiveness of interventions to reduce sedentary behaviour across the life course. 
Interventions were grouped as interventions that aim to influence personal behaviour 
through the provision of information; interventions that aim to influence the social 
environment; interventions that aim to influence the physical environment; and 
multicomponent interventions. It was reported that in school children the most 
effective interventions for reducing total sedentary behaviour were physical envi-
ronment interventions (-80.76 mins/day), followed by social environment interven-
tions (-24.66 mins/day). This patterning of results also held when looking 
specifically within the school setting. The authors argue that these findings suggest 
that sedentary behaviour change in school children works best with strategies that 
target unconscious processes. 

In a systematic review of randomised control trials, inconsistent results for 
family-based sedentary interventions were found [91]. However, the effectiveness 
may have been influenced by the level of parental involvement. For example, there 
were consistent and significant reductions in sedentary time in studies with a 
medium-to-high intensity parental component (i.e., involved the parent at more 
than just a supervisory or administrative level). Child age may also be a confounder, 
with family-based interventions in preschool children showing consistent and sig-
nificant reductions in sedentary times compared to the inconsistent results in older 
children. Indeed, dos Santos et al. [96] suggest that strategy effectiveness will likely



vary by age, arguing that up to about 6 years of age interventions to reduce sedentary 
time may be more effective because of strategies focused on parental control and 
family social support (i.e., familial social factors); however, the effectiveness of 
these influences changes with age. 
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The introduction of standing and/or active desks is a popular approach to reduce 
sitting time during the school day and several reviews have been published exam-
ining their effectiveness (e.g., [97–100]). These reviews report inconsistent out-
comes from the introduction of standing or active desks, with two reviews 
reporting positive effects on standing time and sitting time [97, 98], and two 
reporting mixed results for these outcomes [99, 100]. Despite the mixed results on 
sedentary time, process evaluations have shown that standing desks are acceptable to 
teachers and may bring other benefits such as a reduction in sleepiness and a positive 
influence on task completion [99]. Hinckson et al. [98] reported that in the majority 
of studies the change to the classroom environment was the only intervention 
component and no other strategies were employed. It is not clear whether the 
addition of more individually focused behaviour change techniques would make 
the interventions more effective. Review authors have been critical of the quality of 
studies and heterogeneity in research design and methods, which make the compar-
ison between studies difficult and prevent meta-analysis [99, 100]. A further limita-
tion is that studies have primarily taken place in primary/elementary schools, and 
there is limited evidence of their implementation within the secondary/high school 
context [100]. This is an important distinction as these are two very different 
contexts in terms of education and the structure of the school day [101]. Despite 
these limitations, review authors have concluded standing desks have the potential to 
reduce sitting time and increase standing time among school children [97–100]. 

Other reviews have tried to identify specific strategies or Behaviour Change 
Techniques (BCTs) associated with sedentary behaviour change (e.g., [89, 96, 
102]). Some of these strategies could relate to the social or physical environment. 
However, these reviews have found that the quality of evidence across sedentary 
behaviour interventions is generally poor [89] and that there is no clear evidence for 
the effectiveness of specific strategies, with similar BCTs and strategies being 
associated with both effective and ineffective interventions [102]. In addition, 
Alternburg et al. [89] reported that the use of multiple strategies within an interven-
tion makes it difficult to identify the most promising strategies, although they 
identified two promising strategies for reducing children’s  (0–18 years) 
sedentary time: TV turn-off week and standing desks. Anselma et al. [102] argue 
that more effective interventions could be developed if the specific circumstances 
(e.g., physical and social context) were considered alongside the needs and interests 
of the target group. Such tailoring could be achieved through the co-creation of 
interventions with the target audience and key stakeholders acting as key 
collaborators.
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24.6.3 Adults 

In an umbrella review of systematic reviews, evidence was found for reductions in 
sedentary time following interventions focused specifically on reducing sedentary 
behaviours in adults [103]. With regard to interventions that implemented changes to 
the physical environment, the majority of studies included in the reviews were in the 
workplace. In a different umbrella review which included a meta-analysis, it was 
reported that physical environment interventions reduced total sedentary behaviours 
in adults, office workers and older adults (note, these populations were grouped 
together in the analysis) and were the most effective approach in the majority of 
cases [95]. However, the effectiveness of intervention approaches may be dependent 
on context as personal behaviour interventions were more effective for reducing 
leisure-time sedentary behaviour [95]. Interventions outside the workplace have 
focused on devices that can be attached to screens that monitor and limit screen 
usage time. However, a review by Wu et al. [104] focused on the effect of such 
interventions in adults suggested a limited effect on reducing screen time. Evidence 
for environmental strategies beyond the workplace is therefore limited. Whilst a 
review of behaviour change strategies employed within sedentary behaviour inter-
ventions in adults concluded that incorporating environmental modifications into 
sedentary behaviour interventions was likely to be fruitful [105], there is a need to 
explore the impact of this in other contexts. 

It is not surprising that the majority of physical environment interventions to 
influence sedentary behaviour in adults have focused largely on the workplace. In 
recent times, there has been a significant shift towards computers and desk-
orientated offices, and research suggests that almost 6 hours per workday can be 
spent sitting at a desk [106]. It is also a setting in which working adults spend a large 
proportion of their week and therefore an ideal setting for reducing sedentary 
behaviour in adults. 

One of the most frequently reported physical environment interventions for 
targeting sedentary behaviour at work is the installation of sit-stand desks (i.e., a 
desk that can be used in both a seated or standing position and allows users to 
alternate between postures). Other common interventions to reduce sedentary behav-
iour at work using changes to the physical environment include treadmill desks that 
allow users to walk whilst using their computer, under-desk portable pedal or 
stepping devices, exercise bikes at the desk and exercise or Swiss balls that replace 
the office chair and allow for a more active sitting position. 

Shrestha et al. [107–109] conducted a series of Cochrane reviews on interven-
tions for reducing sitting at work. In 2015, just three studies were reported that had 
made changes to the physical environment, with 16 by the 2018 update. For the 
10 interventions using sit-stand desks, low-quality evidence for reductions in sitting 
time at work of 1 hr. 40 minutes per workday were found compared to standard 
seated desks over the short term (up to 3 months) [109]. This was similar whether 
stand desks were used alone or combined with other strategies such as information 
and counselling. Two studies provided follow-up of between 3 to 12 months with an



average of 57 minutes per day less workday sitting compared to standard seated 
desks. There was also some evidence of reductions in total daily sitting time and 
duration of sitting bouts lasting 30 minutes or more. 
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Straker et al. [110] suggested that sit-stand desks on their own only have a modest 
effect and that more radical, system-wide interventions were necessary even beyond 
additional behavioural interventions in order to affect sedentary behaviour at work 
such as policy and social changes. In fact, when adding in such additional strategies, 
Neuhaus et al. [111] showed that the reduction in sedentary time increased from 
33 minutes to 1 hour 39 per 8-hour workday. Whilst a broader systems-based 
approach is intuitive, high-quality evidence on this is not available. Shrestha et al. 
[109] reported significant but heterogeneous effects of multicomponent interven-
tions on reducing sitting time in the short- and medium-term, but this evidence was 
from a small number of low-quality studies. 

Beyond sit-stand desks, the effect of more active workstations on sedentary 
behaviour has also been reviewed. There is some evidence that treadmill desks 
combined with counselling can reduce sitting time at work [109]. A systematic 
review and meta-analysis by Neuhaus et al. [111], reported on 38 interventions that 
used activity-permissive workstations (which included sit-stand desks, treadmill 
desks and under-desk pedalling devices/pedalling workstations) to reduce occupa-
tional sedentary time. The authors reported a pooled intervention effect in the 
reduction of sedentary time of 1 hour 17 minutes per 8-hour workday. For pedalling 
devices, review-level evidence suggests they are not effective at reducing sitting 
time [109]. In another review on the impact of alternative workstations as part of a 
wider review of workplace sedentary behaviour and physical activity, Commissaris 
et al. [112] performed sub-group analyses for sit-stand desks and treadmill desks 
(removing pedal machines, etc.) and reported that changes to overall daily sedentary 
behaviour were mainly attributed to the use of treadmill desks. 

Some studies have assessed the effect of changing the physical building layout on 
sedentary behaviour. These studies primarily assess what happens to sedentary time 
when people relocate offices to buildings designed with break-out spaces, centralised 
resources (printer, kitchen and toilets) and attractive central staircases. Jancey et al. 
[113] looked specifically at the effects on sedentary behaviour and physical activity 
of switching to such a building and reported a significant reduction in sedentary time 
(20 minutes) and an increase in light activity (22 minutes). However, some measures 
of sedentary time (average length and maximum length of sedentary bouts) increased 
and moderate physical activity was shown to decline. Ensuring such features are 
incorporated into future workplace building design may be a potential strategy to 
influence sedentary behaviour at work. However, this study again demonstrates that 
multiple factors need to be addressed in addition to the physical environment in order 
to positively influence sedentary behaviour at work. 

As previously mentioned, little attention has been paid to the social environment 
at work with regard to sedentary behaviour. Changing sedentary behaviour through 
the social environment is not something that tends to be targeted as an intervention 
on its own. Again, when addressing sedentary behaviour change from a social-
ecological perspective, making it socially acceptable to sit less at work without



providing a means of doing so may have limited effect. Many workplace interven-
tions to reduce sedentary behaviour have included social-environmental components 
as part of multi-component interventions (e.g., [114–117]), for example, by includ-
ing team champions who advocate, promote and role model standing at work, initiate 
standing in meetings, talk to employees about standing at work and promote the 
acceptability of things like sit-stand desks within office culture. However, there is 
very little evidence of the effect of social changes in the workplace alone on 
sedentary behaviour. 
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24.6.4 Older Adults 

There has been an increase in the number of interventions targeting sedentary 
behaviour in older adults in recent years. It is worth noting that a number of 
interventions included in systematic reviews are not always targeted exclusively 
towards older people, but rather include all adults (e.g., Peachey et al. [118] included 
studies of adults between 18 and 70 years old in their assessment of environmental, 
behavioural and multicomponent interventions; Aunger et al. [119] reviewed sed-
entary behaviour interventions in non-working ‘older adults’, but the average age 
was 60 years and participants as young as 45 years were included) and sometimes 
children and adults are included (e.g., Schoeppe et al. [120] explored the use of apps 
to improve sedentary behaviour and other outcomes with no age limit; Khoo et al. 
[121] reviewed mHealth interventions in cancer survivors). On the other hand, some 
reviews have attempted to assess interventions specifically in older people but have 
found no studies eligible for inclusion. For example, Shrestha et al. [122] aimed to 
assess the effectiveness of interventions for reducing non-occupational sedentary 
behaviour. Out of 19 studies evaluated, the authors did not find any RCTs with a 
mean age of participants >60 years. Thus, it is challenging to determine which of 
these interventions work in older adults specifically. Chastin et al. [123] recently 
reviewed interventions purposefully designed to reduce sedentary time in 
independently-living adults aged 60 years and older. The seven studies that met 
the criteria amounted to low-certainty evidence despite finding that there was a 
reduction in mean sedentary time (mean difference - 44.91 min/day). Another 
important consideration for this review was that the majority of the participants 
were white, female and highly educated. The studies were also conducted in high-
income countries, highlighting the need for more studies from LMICs in this age 
group. 

24.7 Summary 

Understanding the influence of the social and physical environments on sedentary 
behaviours is important for a deep understanding of sedentary behaviours in a 
variety of contexts. Awareness of how behaviour settings influence sedentary



behaviour can be used to help design more effective interventions. While there has 
been further attention to the social and physical environment correlates, many have 
been studied too few times, or within weak study designs, or have focused on only 
one sedentary behaviour. This means that there remains a need for more evidence on 
specific environment determinants, in specific contexts, and for specific sedentary 
behaviours (e.g., in different domains). Where different domains of sedentary 
behaviour have been examined the correlates have tended to differ across them. 
Further to this, it is necessary to look at behaviour settings in a more nuanced way 
that goes beyond age and the obvious social contexts of home, school and work-
places. More work is also needed to explore the interaction between individual, 
social and physical environmental determinants. There is some evidence that the 
introduction of standing desks can lead to changes in sitting and standing times both 
within schools and workplaces. However, there is little evidence for other physical 
environment strategies or for those targeting the social environment. Returning to the 
social-ecological model, influences across the multiple levels of the individual 
(Chap. 16), social and physical environment (current chapter), community 
(Chap. 23) and policy (Chap. 25) need to be targeted to support behaviour change. 
We need to create supportive environments and provide individuals with the tools to 
change and regulate their behaviour. 
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Chapter 25 
Targeting Sedentary Behaviour 
at the Policy Level 

Anthony D. Okely, Megan Hammersley, and Salomé Aubert 

Abstract Policy-level approaches are a promising and potentially powerful way to 
reduce sedentary behaviour at a population level. Ecological models have typically 
been used to reduce sedentary behaviour at a policy level. These focus on specific 
settings where policies may be present. This chapter examines home, workplace, 
education, transportation, healthcare, and nonhome-based leisure settings where 
sedentary behaviour reduction can be targeted at a policy level and the accompany-
ing evidence for such policies along with important supporting factors. For policies 
to be effective in these settings, they also require shifting strong social norms to sit 
and should focus on benefits broader than health, such as increased productivity and 
academic learning and reduced traffic congestion. Government guidelines are a key 
policy component, as are recommendations from non-government organizations. 
Current sedentary behaviour guidelines and stakeholder recommendations are sum-
marized. A description of the national physical activity report cards is provided as an 
example of a successful policy initiative driving sedentary behaviour reduction in 
many countries. Limitations of the existing evidence and recommendations for 
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What Is New?
• The recent Guidelines on Physical Activity and Sedentary Behaviour 

published by the World Health Organization (WHO) in 2020 for the first 
time include recommendations on sedentary behaviour and address all age 
groups as well as population subgroups, such as pregnant women or adults 
living with chronic conditions (see Chap. 1).

• The first setting-specific recommendations for school-related sedentary 
behaviours were published (see Chap. 1).

• The WHO Global Action Plan on Physical Activity 2018–2030 provides 
the basis for global policy action to reduce sedentary behaviour considering 
aspects of environmental health and sustainability (see Chap. 27). 

25.1 Introduction 

In this chapter, policies are defined as laws, regulations, formal rules, informal rules, 
or understandings that are adopted on a collected basis to guide individual and 
collective behaviour [1]. Policy changes are designed to affect large groups and 
populations and establish settings and incentives that can persist in sustaining 
behaviour change [2]. As such, policy-level interventions and strategies represent 
arguably the most powerful means for changing sedentary behaviour at a population 
level. While it is known that the health consequences of sedentary behaviour are 
somewhat independent of physical inactivity [3] and that the correlates of sedentary 
behaviour are different from physical inactivity and moderate- to vigorous-intensity 
physical activity [2], with the exception of television viewing in children, only 
recently have researchers started to examine interventions to specifically reduce 
sedentary behaviour. Policy-level interventions to reduce sedentary behaviour are 
even less advanced. 

The policy environment is a feature of most ecological models of behaviour, but it 
is often the least developed and tested. National and international organizations 
(e.g. World Health Organization, Institute of Medicine, US Department of Health 
and Human Services) have recognized the importance of policy in changing health 
behaviours. For example, the World Health Organization in their 2016 Ending 
Childhood Obesity Report [4] sought to use policy recommendations to address 
three strategic objectives and saw targeting policy as the key to reducing the 
prevalence of childhood obesity. Over the past 30 years, there has been mention of 
the role of policy in models designed to guide behavioural interventions. The 
sedentary behaviour field is still in the early stages of developing and testing specific 
multilevel ecological models that include targeting policy-level influences [2]. 

This chapter first describes major models for targeting sedentary behaviour that 
incorporate policy-level initiatives. It then examines the specific settings in which 
reducing sedentary behaviour can be targeted at a policy level and evidence of the 
effect of interventions in such settings. The factors important to supporting policies



are then described. Finally, recommendations for future research targeting policy-
level change are also provided. 
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25.2 Models for Targeting Sedentary Behaviour Reduction 
at a Policy Level 

There is good evidence that changing health behaviours at a policy level has more 
chance of success if theoretical models or frameworks are used [5]. The behavioural 
epidemiology framework is especially useful in describing phases of research upon 
which policy-level changes should be built [6]. In the context of policy research, this 
would include Phase 1 (identifying the health consequences of prolonged sitting and 
other sedentary behaviours such as television viewing) and Phase 3 (examining 
factors that influence sedentary behaviour). This will strengthen the evidence base 
for the development, testing, and evaluation of policy-level interventions (Phase 4) 
and the dissemination of successful interventions into broader public policy 
(Phase 5). 

While there is little doubt that the need to identify policy correlates and determi-
nants of sedentary behaviour is important [2], there has been some debate around 
how much evidence is needed in Phase 3 before Phases 4 and 5 can be commenced. 
That is, are observational studies needed to determine correlates or health conse-
quences first, before testing policy interventions to reduce sedentary behaviour? 
Robinson’s solution-oriented approaches have been recommended to more rapidly 
advance behaviour change at a policy level by focusing on interventions that are 
directly applicable to policy [7]. In a solution-oriented approach, experimental or 
quasi-experimental research designs are emphasized to identify the cause of high 
levels of sedentary behaviour [8]. 

For example, observational research shows that policies relating to limiting 
sedentary behaviour are only weakly associated with sedentary behaviour in 
childcare settings [9]. From this, it may be concluded that policy-level variables 
are not important in relation to reducing sedentary behaviour in childcare. Alterna-
tively, the poor relationships could be explained by the difficulty in accurately 
measuring screen-based sedentary behaviour and policy-level variables in these 
settings (predominantly self-report) or incomplete implementation of the policies. 
But intervention studies have shown that targeting sedentary behaviour policies in 
this setting have had a significant effect on reducing sedentary behaviour among 
children [10, 11]. To overcome this limitation, a quasi-experimental design must be 
applied where the exposure (policies to reduce sedentary behaviour) is manipulated. 
Under a solution-oriented paradigm, the effects of a policy to reduce sedentary 
behaviour on time spent in sedentary behaviour would be tested. The results 
would then be able to directly answer questions of causality and indicate methods 
that are successful or not successful in reducing sedentary behaviour in this 
setting [8].
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While quasi-experimental studies are able to address issues of causality, the 
ability to prepare and plan policy-level interventions using experimental research 
designs is often difficult or unauthentic. In such circumstances, observational “nat-
ural experiments” may be more feasible and have increased external validity. At the 
policy level, initiatives are often informed by both evidence-based practice and 
practice-based evidence. 

Ecological models of behaviour are the ones in which the policy environment is 
specifically identified. Ecological models put the behaviour at the centre and then 
group the factors that influence the behaviour into levels or domains [12]. Owen 
et al. [2] have developed an ecological model of sedentary behaviour, which includes 
the policy environment grouped according to specific settings in which sedentary 
behaviour typically occurs. A figure of this model, with the policy environment 
represented in the most outer concentric circle, can be found in Chap. 15. 

25.3 Specific Settings for Reducing Sedentary Behaviour 
at a Policy Level 

Ecological models propose that research at a policy level should focus on the 
behavioural settings within which policies may operate. As such, there is a need to 
identify the specific settings in which sedentary behaviours occur and then target 
specific policies for these settings. In this chapter, we have focused on the domestic 
or home environment, workplace, education (school and early childhood education 
and care), transportation and urban design, healthcare, and nonhome-based leisure 
settings. In addition, we have included government guidelines or recommendations 
under the public health and non-government organization sectors. Many of the 
policy strategies to reduce sedentary behaviour could also accompany messages 
about increasing physical activity. Documents such as the US National Physical 
Activity Plan (involving 19 organizational partners) [13] and the National Heart 
Foundation’s Blueprint for an Active Australia [14] lay out specific strategies to 
influence change at a policy level. In these documents, although the focus is 
promoting physical activity, many of the strategies could be modified to be tested 
in order to reduce sedentary behaviour. 

25.3.1 Domestic or Home Environments 

In the context of this chapter, this environment encompasses sedentary behaviours 
undertaken in the home. These behaviours are largely recreational or domestic in 
nature. Policy options for reducing sedentary behaviour in the home environment are 
limited [2], and we are unaware of any policy interventions to reduce sedentary 
behaviour that have been conducted in this environment. In the absence of this



evidence, we have provided examples of successful strategies that could be used to 
develop policy-level interventions and how this might be done. 
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Strategies that have been shown to be efficacious in reducing sedentary behaviour 
in the home environment include decreasing the number of hours of screen media 
use through removing televisions from bedrooms, budgeting the amount of time 
spent in screen use each week, and setting rules to limit the content, timing, and 
location of screen use in the house [15–18]. These strategies are often provided as 
part of policy documents such as national sedentary behaviour guidelines or recom-
mendations. Strategies that probably will reduce sedentary behaviour, but for which 
the only evidence we have is that targeting them can result in a change in behaviour, 
including increasing non-labour saving behaviours such as hanging clothes on a line 
(instead of using a dryer) [19] and hand washing a car instead of using an automatic 
car wash. An added advantage of these strategies is the increased motivation that 
may come from reducing greenhouse gases and saving money through more energy-
efficient behaviours. 

Modifying the interior (and exterior) design of homes is another potential strategy 
for decreasing sedentary behaviour in the home environment. It has been shown in 
other environments such as schools and workplaces that providing spaces that are 
less cluttered and more flexible in how they can be used can reduce sitting time 
[20, 21]. Additional ideas in the home environment could include rearranging 
furniture so that the television is not the centre of attention in a room, removing 
stools at benches, and having more tables and desks that could be used while 
standing. While it is difficult to target these changes at a policy level, incentives 
such as introducing a policy whereby tax incentives can be claimed on height-
adjustable tables and desks and using interior designers who follow these guidelines 
may provide a financial impetus for behaviour change. 

Perhaps the greatest scope for change in the home environment as a result of 
policy is through ensuring sedentary behaviour reduction is included in national and 
jurisdictional guidelines [22]. Table 25.1 shows current policy examples listed by 
country. Many of the guidelines specific to sedentary behaviour reduction include a 
focus on the home environment. For example, the Canadian Sedentary Behaviour 
Guidelines for children 0–4 years recommend limiting prolonged sitting or being 
restrained for more than 1 h at a time [23]. The UK Guidelines for Physical Activity 
for Adults recommend minimising the amount of time spent being sedentary for 
extended periods in the home environment [24]. Guidelines for recreational 
(noneducational) screen-based time for children and adolescents also predominantly 
target the home environment, as this is where most of this type of sedentary 
behaviour occurs (see Sect. 1.3 for more details on existing recommendations 
targeting sedentary behaviour).
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Table 25.1 Government and organizational policies and guidelines on sedentary behaviour 

Country Title/organization Year Sector Description 

Australia and New Zealand 
Australia Australian Government 

“Australia’s Physical 
Activity and Sedentary 
Behaviour Guidelines”a 

2014 Government Comprises a series of 
physical activity guide-
lines focusing on differ-
ent age groups (0– 
5 years, 5–12 years, 13– 
18 years, and adults). 
Sedentary time recom-
mendations form part of 
each of these guidelines. 
Information on the bene-
fits of sitting less is pro-
vided, followed by tips 
on how to reduce sitting 
and break up long 
periods of sitting. Screen 
time is specifically 
targeted. 

Australia National Heart Founda-
tion of Australia “Blue-
print for an Active 
Australia”b 

2014 Non-govern-
ment 
organization 

Provides specific sug-
gestions for 13 key 
action areas, including 
prolonged sitting/seden-
tary behaviour in 
schools, workplaces, 
aged care, and other 
settings 

Australia National Heart Founda-
tion of Australia “Sit 
Less” resourcesc 

2011– 
2013 

Non-govern-
ment 
organization 

Resources include a fact 
sheet, posters, and “sit-
ting less for adults” 
guide and “sitting less 
for children” guide, 
which discuss the bene-
fits of sitting less, the 
recommendations, and 
some suggestions on 
how to sit less 

Australia Exercise and Sports Sci-
ence Australia “Physical 
Activity in the Work-
place: A Guide”d 

2013 Health pro-
fessional 
organization 

Advises how organiza-
tions can encourage 
employees to sit less in 
the workplace. It is 
recommended that orga-
nizations include 
prolonged sitting in their 
occupational health and 
safety policies, conduct 
audits to determine 
employee sitting time 
while at work, and con-
sider implementing
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Table 25.1 (continued)

Country Title/organization Year Sector Description 

interventions to reduce 
sitting time such as 
breaking up sitting every 
30 min, providing 
height-adjustable desks, 
and utilizing standing or 
walking meetings 

Australia Baker IDI Heart and Dia-
betes Institute, Cancer 
Prevention Research 
Centre UQ and Medibank 
Private “Stand Up 
Australia: Sedentary 
Behaviour in Workers”e 

2009 Non-govern-
ment 
organization 

Recommends inclusion 
of prolonged sitting in 
occupational health and 
safety policies, investi-
gation of the level of 
prolonged sitting occur-
ring in the workplace, 
and the use of interven-
tions to assist employees 
in replacing sedentary 
time with light physical 
activity, such as standing 
while making telephone 
calls, breaks during long 
meetings, or 
reorganizing work tasks 
so that employees can sit 
or stand 

Australia Public Health Association 
of Australia “Physical 
Activity Policy”f 

2014 Non-govern-
ment 
organization 

Supports the use of the 
Australian Physical 
Activity Guidelines, spe-
cifically noting the sed-
entary behaviour 
component of the 
guidelines 

Australia Royal Australian College 
of General Practitioners 
“Smoking, nutrition, 
alcohol, physical activity 
(SNAP): a population 
health guide to 
behavioural risk factors in 
general practice”g 

2015 Health pro-
fessional 
organization 

Supports the use of the 
Australian Physical 
Activity Guidelines, spe-
cifically noting the sed-
entary behaviour 
component of the guide-
lines. Provides recom-
mendations on providing 
advice on reducing sed-
entary behaviour to rele-
vant patients 

Australia Australian Government 
Comcare “Sedentary 
work practices toolkit”h 

2014 Government Comcare has a range of 
resources to assist orga-
nizations in reducing 
sedentary behaviour in 
the workplace. These 
include “implementing a
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Table 25.1 (continued)

Country Title/organization Year Sector Description 

program to reduce sed-
entary work practices: a 
checklist”, posters, and 
fact sheets 

Australia Worksafe Tasmania 
“Healthy Workplace 
Resource Toolkit”i 

Government The Healthy Workplace 
Resource Toolkit fea-
tures a section on seden-
tary behaviour, which 
provides background 
information and advice 
on how to encourage 
employees to sit less 
while at work. Provides a 
template to develop a 
physical activity policy 

Australia Department of Education, 
Queensland “Physical 
activity in state schools”j 

Government Provides recommenda-
tions to minimize and 
break up long periods of 
sitting. It also advises 
educating students on 
limiting the use of elec-
tronic devices 

Australia NSW Ministry of Health, 
“Healthy kids—eat well, 
get active” websitek 

Government Provides advice on 
developing a physical 
activity policy for early 
childhood centres. Sed-
entary time is specifi-
cally addressed. It is 
recommended to limit 
prolonged sitting, with 
particular mention of 
limiting the use of elec-
tronic media 

Australia Active Healthy Kids 
Australia “Is Sport 
Enough? 2014 Report 
Card on Physical Activity 
for Children & Young 
People”l 

2014 Non-govern-
ment 
organization 

Reports on compliance 
with the Australian Sed-
entary Behaviour Guide-
lines for Children and 
Youth. Discusses the 
importance of parent 
education and encour-
ages parents to minimize 
sedentary and screen 
time. Recommends that 
schools work to break up 
long periods of sitting 
throughout the day and 
that guidelines for sed-
entary behaviour are 
updated as evidence of
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Table 25.1 (continued)

Country Title/organization Year Sector Description 

dose–response relation-
ships become available 

Australia VicHealth “Reducing 
prolonged sitting in the 
workplace”m 

2012 Government This evidence report 
summarizes findings 
from workplace seden-
tary behaviour studies. 
Strategies that have been 
used in studies include 
increasing breaks, 
changing posture, ergo-
nomic changes, building 
design changes or a 
combination of these 
strategies. Overall, strat-
egies to reduce sitting 
were effective, especially 
in improving musculo-
skeletal health. In some 
studies, there were 
improvements in pro-
ductivity, absenteeism, 
and injury. It was also 
found that employees 
were more likely to 
reduce sitting time when 
specific guidelines were 
provided 

New Zealand Ministry of Health “Eat-
ing and Activity Guide-
lines for New Zealand 
Adults”n 

2015 Government The guidelines consist of 
five activity 
statements—the first 
being “Sit less, move 
more! Break up long 
periods of sitting.” Pro-
vides background evi-
dence and 
recommendations for the 
general public on how to 
reduce sitting time in 
work, travel, and leisure-
time settings 

New Zealand Ministry of Education 
“Physical activity for 
healthy confident kids”o 

2007 Government These guidelines do not 
discuss sedentary behav-
iour in general but do 
recommend that children 
limit time using com-
puters, electronic games, 
and television to no more 
than 2 h outside of 
school hours



(continued)

720 A. D. Okely et al.

Table 25.1 (continued)

Country Title/organization Year Sector Description 

New Zealand Ministry of Health 
“Physical activity 
guidelines”p 

2015 Government The guidelines for older 
people (65 years and 
over) discuss the 
increase in sedentary 
behaviour in this age 
group and the impor-
tance of limiting seden-
tary behaviour, 
specifically noting that 
maintaining activities of 
daily living can assist in 
reducing sedentary time 

North America 
Canada Active Canada 20/20q 2012 Non-govern-

ment 
organization 

Canada 20/20 proposes 
that a policy be devel-
oped which addresses 
sedentary behaviour. In 
workplaces, it is 
suggested that policies 
are developed and that 
the workplace environ-
ment is modified to allow 
for less sedentary behav-
iour. It is suggested that 
tax incentives are pro-
vided to employers to 
implement such changes. 
Additionally, it is 
recommended that 
schools provide opportu-
nities to reduce sedentary 
behaviour 

Canada Canadian Society for 
Exercise Physiology 
“Canadian Physical 
Activity and Sedentary 
Behaviour Guidelines”r 

2011 Health pro-
fessional 
organization 

The document consists 
of guidelines for differ-
ent age groups. There is a 
recommendation for no 
screen time at all for 
children 0–2 years of 
age, no more than 1 h per 
day for children 2–4, and 
no more than 2 h per day 
for older children. For 
children aged 0–4, it is 
recommended to limit 
equipment that restricts 
movement, have screen 
time limits, and remove 
televisions and com-
puters from bedrooms. 
For children aged 5–18,
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Table 25.1 (continued)

Country Title/organization Year Sector Description 

it recommends providing 
active alternatives to 
screen time, such as play 
and family games 

Canada ParticipACTIONs Est 
1971 

Non-govern-
ment 
organization 

ParticipACTION is a 
non-profit organization 
that promotes sitting less 
and moving more. There 
are a series of resources 
on their website covering 
screen time, parental 
role-modelling, 
infographics, “unplug 
and play” pledge, and 
information on various 
partnership programs. 
Resources focus on both 
children and adults, and 
tips are provided to 
reduce sedentary time at 
home and in the 
workplace 

Canada The Conference Board of 
Canada “Moving Ahead: 
The Economic Impact of 
Reducing Physical Inac-
tivity and Sedentary 
Behaviour”t 

2014 Non-govern-
ment 
organization 

This document discusses 
the prevalence of seden-
tary behaviour in Canada 
and reports that Cana-
dians sit for approxi-
mately 10 h per day. The 
impact on population 
health and subsequent 
effects on GDP, absen-
teeism, and healthcare 
expenditure are 
discussed. If just 10% of 
Canadians who are inac-
tive were to become 
more active and less 
sedentary, this could 
result in an increase of 
around $1.6 billion in 
GDP by 2040. Addition-
ally, healthcare expendi-
ture could be reduced by 
$2.6 billion during the 
same period 

USA American College of 
Sports Medicine” Reduc-
ing Sedentary Behaviors: 

2011 Health pro-
fessional 
organization 

Provides practical sug-
gestions for reducing 
sedentary behaviour in 
the workplace and at
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Table 25.1 (continued)

Country Title/organization Year Sector Description 

home. Suggestions 
include both moderate-
intensity activity and 
light-intensity activity 
alternatives to sitting. 
There are no specific 
screen time 
recommendations 

Sitting Less and Moving 
More”u 

USA American Academy of 
Pediatrics “Active 
Healthy Living: Preven-
tion of Childhood 
Obesity”v 

2006 Health pro-
fessional 
organization 

Provides guidelines for 
specific age groups. It is 
recommended that 
infants and toddlers do 
not watch television at 
all. For older children, it 
is recommended that 
screen time should be 
limited to no more than 
2 h per day. For 
preschool-aged children, 
it is recommended that 
sedentary transport via 
car or stroller be limited. 
It is recommended that 
healthcare professionals 
record the number of 
hours that children are 
sedentary and provide 
advice to reduce seden-
tary time 

USA American Academy of 
Pediatrics “The Role of 
the Pediatrician in Pri-
mary Prevention of 
Obesity”w 

2015 Health pro-
fessional 
organization 

Discusses the increase in 
sedentary behaviour as 
children get older. The 
importance of parental 
influence in the develop-
ment of behaviours is 
highlighted, with partic-
ular reference to screen 
time. Recommendations 
from 2006v are 
reinforced. It is 
recommended to limit 
the number of screens 
available, to remove 
televisions and other 
screens from a child’s 
bedroom and from meal 
areas, and for parents to 
monitor their child’s 
screen time
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Country Title/organization Year Sector Description 

USA Institute of Medicine 
“Early Childhood Obesity 
Prevention Policies”x 

2011 Health pro-
fessional 
organization 

It is recommended that 
childcare providers 
reduce sedentary time in 
children by limiting the 
use of movement-
restricting equipment 
(such as high chairs, 
strollers, and bouncers) 
to when they are needed 
only. It is also 
recommended that 
periods of sitting or 
standing are broken up at 
least every 30 min 

USA National Heart, Lung and 
Blood Institute “We Can!: 
Ways to Enhance Chil-
dren’s Activity and 
Nutrition”y 

Government We Can! website con-
tains resources on reduc-
ing screen time, 
including a fact sheet/ 
goal setting and screen 
time chart. A number of 
programs are available 
such as the “Energise 
Our Families” parent 
course, which has a large 
emphasis on reducing 
sedentary behaviour 
through limiting screen 
time. “SMART (Student 
Media Awareness to 
Reduce Television)” is 
aimed at third–fourth-
grade students and 
“Media-Smart Youth” is 
aimed at 11–13 year olds 

USA Society of Behavioural 
Medicine “Position state-
ment: early care and edu-
cation (ECE) policies can 
impact obesity prevention 
among preschool-aged 
children”z 

2015 Health pro-
fessional 
organization 

This position statement 
puts forward recommen-
dations for policymakers 
which are based on Car-
ing for Our Children, 
The Child and Adult 
Care Food Program and 
Let’s Move! Child Care 
recommendations. The 
position statement rec-
ommendations include 
limiting sedentary 
behaviour to less than 
30 min at a time and 
limiting screen time for
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entertainment to less 
than 30 min per week 

USA Office of the President of 
the United States “Solv-
ing the problem of child-
hood obesity within a 
generation: White House 
Task Force on Childhood 
Obesity Report to the 
President”aa 

2010 Government Presents an action plan 
which outlines a number 
of recommendations to 
address childhood obe-
sity. Sedentary behav-
iour is discussed, and 
reducing screen time is 
included in the 
recommendations 

USA USA Government “Let’s 
Move!“ab 

2010 Government Program aims to improve 
healthy eating and phys-
ical activity and includes 
specific recommenda-
tions on reducing seden-
tary behaviour and 
screen time 

Asia 
Korea Ministry of Health and 

Welfare: “The physical 
activity guide for 
Koreans”ac 

2013 Government Sedentary behaviour 
forms part of the physical 
activity guidelines. It is 
recommended to reduce 
the amount of time sit-
ting and limit the amount 
of time watching televi-
sion to less than 2 h per 
day 

Qatar Aspetar Hospital “Qatar 
National Physical Activ-
ity Guidelines”ad 

2014 Health 
service 

For adults, it is 
recommended to limit 
“low-level activities” 
(television, computer, 
electronic games) to no 
more than 2 h per day for 
people with coronary 
artery disease and heart 
failure. For children and 
youth (up to 17 years of 
age), the guidelines rec-
ommend having no 
computers or TVs in 
bedrooms and limiting 
the amount of screen 
time to no more than 2 h 
per day. It is also 
recommended that sitting 
time be broken up every 
hour 

Europe



(continued)

25 Targeting Sedentary Behaviour at the Policy Level 725

Table 25.1 (continued)

Country Title/organization Year Sector Description 

Belgium WHO “Belgium Physical 
Activity Factsheet”ae 

2015 Non-govern-
ment 
organization 

This document presents 
two projects [“10,000 
steps” and “stand on 
your own two feet 
(BOEBS)”] which aim to 
limit sedentary behav-
iour among older adults 
in the Flemish region 

Europe HEPA (Health Enhancing 
Physical Activity) “EU 
Physical Activity 
Guidelines”af 

2008 Non-govern-
ment 
organization 

Presents European 
Union Physical Activity 
Guidelines including 
sedentary behaviour 
guidelines. Policy guide-
lines and examples of 
good practices in Europe 
in various contexts 
(sport, health, education, 
transport working envi-
ronment, services for 
senior) for different 
groups of actors are 
developed 

Europe European Heart Network 
“Children and young 
people—The importance 
of physical activity”ag 

2001 Non-govern-
ment 
organization 

Evidence review 
resulting from the 
European Heart Health 
Initiative published with 
the intention of promot-
ing physical activity 
measures as a way to 
reduce the burden of 
cardiovascular diseases. 
Policy recommendations 
on different domains of 
influence which also tar-
gets sedentary behaviour 
reduction are provided 

France Ministry of Work, 
Employment and Health 
“National Health and 
Nutrition Program 
(Programme National 
Nutrition Sante)“ah 

2011 Government This document contains 
health objectives for the 
French population and 
actions taken to target 
these objectives. General 
objective 2 is “increase 
physical activity and 
decrease sedentary 
behaviour for all ages.” 
Sub-objective 2.2 aims 
to, over the next 5 years, 
decrease by at least 10% 
the average daily screen
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time among 3–17 chil-
dren and teenagers 

Greenland, Ice-
land, Norway, 
Sweden, Fin-
land & 
Denmark 

Norden Council of Min-
isters “Nordic Nutrition 
recommendation”ai 

2012 Government Present sedentary behav-
iour guidelines, for chil-
dren, adolescents, and 
adults. For these age 
groups, there is a guide-
line to reduce sedentary 
behaviour 

Ireland National Association for 
Sport and Physical Edu-
cation “Fact sheet for 
childcare providers”aj 

2006 Professional 
organization 

This one-page fact sheet 
is addressed to childcare 
providers and gives spe-
cific sedentary behaviour 
guidelines for children 
from birth to age 5 

Spain Ministry of Health, Social 
Services and Equity 
“Physical activity for 
health and sedentary 
behaviour reduction, 
guidelines for the 
population”ak 

Government This document presents 
complex guidelines for 
physical activity, seden-
tary behaviour, and 
screen time adapted for 
under 5 years old, 5– 
17 years old, adults, 
older adults (more than 
65 years old), pregnant 
and post-partum women 

Turkey Republic of Turkey, 
Ministry of Health, Public 
Health Institution “Physi-
cal Activity Guidelines 
For Turkey”al 

2014 Government Present the physical 
activity guidelines for 
children, adolescents, 
families, teachers, adults, 
older adults, and dis-
abled, and provide an 
example of games and 
tips for being more 
active. It includes seden-
tary behaviour guide-
lines (based on limiting 
screen time) for children 
and teenagers 

UK British Heart Foundation 
“Sedentary Behaviour: 
Evidence Briefing”am 

2012 Non-govern-
ment 
organization 

Defines sedentary 
behaviour, its health 
consequences, and cor-
relates. The UK guide-
lines are stated along 
with strategies to reduce 
sedentary behaviours for 
different age groups. 
Implications for practice, 
targeting the commis-
sioners, the



25 Targeting Sedentary Behaviour at the Policy Level 727

Table 25.1 (continued)

Country Title/organization Year Sector Description 

policymakers, and the 
practitioners are 
provided 

UK Department of Health, 
Physical Activity, Health 
Improvement and Protec-
tion “Start Active, Stay 
Active—a report on 
physical activity for 
health from the four home 
countries’ Chief Medical 
Officers”an 

2011 Government Gives physical activity 
and sedentary behaviour 
guidelines for different 
age groups (under 5 s, 5– 
18, 19–64, and 65þ 
years). Recommenda-
tions and examples of 
effective actions 
targeting sedentary 
behaviour reduction at 
multiple levels (environ-
mental, organizational, 
community, and inter-
personal) are presented 

UK Public Health England 
“Everybody Active, 
Every Day: An evidence-
based approach to physi-
cal activity”ao 

2014 Government This paper presents the 
chief medical officer’s 
guidelines for physical 
activity and sedentary 
behaviour that target 
early years (under 5 s), 
children and young peo-
ple (5–18 years), adults, 
and older adults (65þ 
years). It also contains an 
overview of the physical 
inactivity problem and 
recommendations for 
reducing sedentary 
behaviour in various 
contexts 

UK British Heart Foundation 
“Physical Activity in the 
Early Years Evidence 
Briefing”ap 

2014 Non-govern-
ment 
organization 

In this evidence briefing 
the role of sedentary 
behaviour in the health 
and well-being of chil-
dren under five is exam-
ined. It presents the 
public health guidelines 
concerning sedentary 
behaviour for the early 
year’s children and pro-
vides some potential 
actions for practitioners 
and parents that specifi-
cally target sedentary 
behaviour 

UK 2014 
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British Heart Foundation 
“Physical activity for 
children and young 
people”aq 

Non-govern-
ment 
organization 

The purpose of this evi-
dence briefing is to pro-
vide an overview of the 
evidence relating to chil-
dren and young people 
(aged 5–18 years) and 
sedentary behaviour to 
help commissioners, 
policymakers, and prac-
titioners influence work 
in the field. It includes a 
presentation of sedentary 
behaviour guidelines and 
recommendations for 
multicomponent 
interventions 

UK British Heart Foundation 
“Economic Costs of 
Physical Inactivity Evi-
dence Briefing”ar 

2012 Non-govern-
ment 
organization 

This document reviews 
evidence on exergaming 
(screen-based activities 
which combine video 
game play with exer-
cise), presents 
exergames as an alterna-
tive to sedentary behav-
iours, and gives some 
recommendations for 
designing interventions 
that incorporate 
exergaming 

UK British Heart Foundation 
“Children: Practical 
Strategies for Promoting 
Physical Activity”as 

2013 Non-govern-
ment 
organization 

The purpose of this 
briefing is to provide 
commissioners, physical 
activity and health pro-
fessionals, and school 
staff with evidence-
based recommendations 
and practical strategies to 
consider when planning, 
developing, and deliver-
ing activities to reduce 
screen time in children 
(aged 6–11 years old) 

UK British Heart Foundation 
National Centre “Factors 
influencing sedentary 
behaviours”at 

2012 Non-govern-
ment 
organization 

This fact sheet gives an 
overview of the factors 
that influence sedentary 
behaviour among adults 
and children and presents 
some recommendations 
addressed to
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commissioners, 
policymakers, and 
practitioners 

Worldwide 
Worldwide Active Healthy Kids 

Global Allianceau 
2014 Non-govern-

ment 
organization 

The Active Healthy Kids 
Report Card (now in 
14 other countries) pro-
vides an overview of 
nine indicators, includ-
ing sedentary behaviour. 
Gaps in research and 
availability of sedentary 
behaviour information/ 
data have been identified 

Worldwide World Health Organiza-
tion “Report of the com-
mission on ending 
childhood obesity”av 

2016 Non-govern-
ment 
organization 

Sedentary behaviour is 
specifically addressed in 
two of the recommenda-
tions, namely, provide 
guidance to children and 
adolescents, their par-
ents, caregivers, 
teachers, and health pro-
fessionals on healthy 
body size, physical 
activity, sleep behav-
iours, and appropriate 
use of screen-based 
entertainment and pro-
vide guidance on appro-
priate sleep time, 
sedentary or screen time, 
and physical activity or 
active play for the 2– 
5 years of age group. 
Responsibilities of the 
WHO, international 
organizations, govern-
ments, non-government 
organizations, private 
sector and philanthropic 
foundations, and aca-
demic institutions are 
outlined in regard to the 
implementation of the 
recommendations 

Worldwide Get. . .standingaw Private Self-described as a cam-
paign to “increase 
awareness and education 
of the dangers of
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sedentary working and 
prolonged sitting time”. 
The organization has 
websites for Britain, 
America, Australia, 
Canada, Europe, and 
Ireland. It appears to be 
privately funded with 
support from health pro-
fessional organizations, 
produce suppliers, and 
professional services 
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25.3.2 Workplace 

This environment encompasses the work or study environments for adults. The 
sedentary behaviour is occupational in nature, and examples include sitting at a 
desk or in meetings, operating equipment, and driving a vehicle. Given that the 
typical contemporary workplace is a highly sedentary environment and that 
employees and organizations have the authority to implement their own policies, 
this setting is ideal for targeting policy-level change. Employees expect their 
employers to provide a healthy workplace, and many regulatory agencies require 
this, making it easier for policy-level change to be encouraged and supported. It will 
also be beneficial to employers in terms of increased productivity, reduced absen-
teeism, and improved presenteeism, and may enhance employer/employee relation-
ships [14, 25]. 

Observational studies have shown that promotion of active workplace policies 
has been associated with significantly less sedentary time in the workplace 
[26]. Examples exist of workplace policies that have specifically targeted sedentary 
behaviour reduction. The most widely used strategy has been providing office 
workers with height-adjustable or standing desks. A recent systematic review of 
nine studies showed that these desks, compared with traditional desks, reduced 
sitting time by 30–120 min/day [27]. The same review examined the effect of 
policies to promote walking meetings and walking during lunch breaks. Two studies 
involving 443 participants found that these strategies, compared with a no-strategy 
control group, reduced sitting by just over 15 min/day, although the differences were 
not statistically significant. Another study investigated as a natural experiment the 
impact of relocation of office workers from a 30-year-old building to a new purpose-
built building specifically designed with a central staircase on their sedentariness and 
level of physical activity. The 42 office-based workers significantly decreased their 
percentage of daily sitting time from 85 to 80% in the new building [20]. 

Other policies that could be tested to reduce sedentary behaviour in the work 
environment include:

• Governments providing a tax incentive to reduce the cost of standing desks for 
employees if employers are unable to provide them.

• Discounted health insurance premiums for those who sit for less than a prescribed 
level per day. This policy would be easier to implement in countries where it 
would not require significant changes to the Health Insurance Act due to current 
community rating requirements.

http://apps.who.int/iris/bitstream/10665/204176/1/9789241510066_eng.pdf?ua=1
http://getamericastanding.org
http://getbritainstanding.org/;
http://getaustraliastanding.org/;
http://getcanadastanding.org/;
http://geteuropestanding.org/;
http://getirelandstanding.com/
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• Allowing or prompting office workers to break after 30 min of sitting and to stand 
during meetings.

• Changing workplace health and safety policies around office design that may 
stipulate all employees need a seated desk or that people are not allowed to stand 
in public spaces (e.g. lecture theatres in universities).

• For those employees whose occupation involves driving (e.g. truck, bus, and taxi 
drivers), examining—and where relevant changing—policies that discourage 
them to take more frequent breaks (say every hour) during their work. 

25.3.3 Education 

The school and early childhood education and care environments encompass pri-
mary and secondary school and early childhood settings as well as structured out-of-
school settings such as after-school programmes. These are the environments where 
the largest amount of evidence exists for targeting sedentary behaviour reduction at a 
policy level. 

In primary schools, it has been shown that the presence of policies such as Park 
and Stride was associated with less time spent in sedentary behaviour [28]. This 
scheme involves the provision of a pickup/drop-off point 5–10-min walk from the 
school, encouraging children to walk part of the way to school. Similar to the 
workplace environment, providing standing desks to students has been a popular 
strategy. Hinckson et al. [29] reviewed 13 studies that examined the impact of 
standing desks in schools. All but one of these studies were in primary school 
settings. They found that, compared with traditional desks, sitting time was reduced 
by between 44 and 60 min/day at school. Minges et al. [30] reviewed eight studies 
conducted in school settings and found that time spent sitting decreased by approx-
imately 60 min/day. Although these studies were not targeting policies, they do 
provide evidence to support a change in policy, especially given there does not 
appear to be any detrimental effect on academic learning outcomes or concentration 
levels, which are important considerations for teachers and schools. 

Among secondary school students, Parrish and colleagues [31] provided five 
standing desks in a classroom in two secondary intervention schools. When com-
bined with educational activities and changes in school assembly and recess policies 
to promote less sitting, there was 30 min/day greater reduction in sitting in these 
schools compared with their control schools. 

In schools, there have been a number of studies that have examined the impact of 
policy changes, delivered through the formal curriculum, on sedentary behaviour. 
These have been reviewed in Chap. 17 and generally result in a significant decrease 
in screen time and time spent sitting. In addition, Morton et al. [32] reviewed this 
evidence among adolescents. They investigated factors related to the whole school’s 
policy environment and found that school policies appear to influence sedentary 
behaviours indirectly, mostly via the school’s social environment. According to the 
authors, findings from these studies indicate a lack of independence and



empowerment of the students, which is both encouraged by the school and nega-
tively perceived by the students, impacting upon their sedentary behaviour within 
school. 
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Parrish et al. [33] conducted a randomized controlled trial in four Australian 
primary schools to examine the impact of policy-level changes to promote physical 
activity and reduce sitting time. These included allowing children with no hat to play 
in the shade (under the previous policy, they were not allowed to play outside), 
reducing the mandatory time children had to sit to eat their food at recess and lunch 
before they could play, and maximizing access to sporting fields during break times 
for all students. Results showed that children in intervention schools spent signifi-
cantly less time being sedentary at recess. 

Other changes to the school policy environment that could reduce sedentary 
behaviour include allowing children to stand in assemblies and in classes where 
there are no standing desks available. In some classes such as science, art, and music, 
which are often held in non-traditional classrooms, this would only require modifi-
cations such as removing stools to allow children to stand. In other classes such as 
physical education, school policies often stipulate that children should sit at the start 
of class while attendance is taken. These policies could be modified by allowing 
students to stand or participate in a more active way (e.g. during a warm-up game) 
while attendance is taken. It would be of interest to examine if reduced sitting could 
be achieved through policies that simply allow students to stand (to read, study, or 
have group meetings) irrespective of the presence of standing desks. That is, create a 
culture of standing rather than the structural presence of standing desks. A benefit of  
such an approach would be the negligible cost of implementing such policies. In the 
United States, school sports policies have also been shown to be related to sedentary 
behaviour in middle school children. Bocarro et al. [34] found that children who 
attended schools with an intramural sports policy spent 46.5% of their sport time 
sedentary compared with 54.2% in schools with a varsity policy. 

The area of active design is an emerging field in sedentary behaviour research. It 
is defined as designing the built environment to promote or at least facilitate less 
sedentary behaviour [21]. This incorporates aspects such as introducing standing 
desks and broader environmental changes such as modifying the setup of classrooms 
and the general internal school environment by increasing the distances between 
classrooms and activity-generating locations (canteens and lockers). Lanningham-
Foster et al. [35] compared both a traditional school environment (sitting only) and a 
sitting and standing desk environment with an activity-permissive environment that 
was specifically designed to facilitate active learning. It comprised a hockey rink as a 
classroom which included standing desks and whiteboards, sports equipment, and 
policies that allowed the children to freely move around during lessons. It was found 
that the children in the active-permissive environment spent significantly more time 
in physical activity compared with the other two classrooms; however, changes in 
sedentary behaviour were not reported. 

In Australia, the New South Wales state Education Department is evaluating the 
implementation of flexible learning spaces in their schools. This project allows 
schools to develop and implement their own policies around modifying space and



furniture to enable the use of alternative pedagogies to achieve the desired modes of 
learning. From the schools’ perspective, they are interested in the impact of these 
modifications on student learning, engagement, classroom behaviour, and, to a lesser 
extent, student well-being. From a public health perspective, it is hypothesized that 
these modifications in the school policy and physical environment should result in 
less sitting. Such approaches are likely to be more sustainable as they are being 
driven by schools and for outcomes that are seen as more important to the role of 
schools than health promotion. 
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Although a systematic review of correlates of sedentary behaviour in early 
childhood education and care settings found no consistent association between the 
quality of the centre and time spent in objectively measured sedentary behaviour, 
children were less sedentary in centres that had policies that provided more oppor-
tunities for physical activity indoors and outdoors [9]. Observational studies have 
also found that screen time policies were associated with screen time practices [36] 
and children’s sedentary behaviour [37]. Childcare settings are among the most 
highly regulated in society. There are many policies or standards that exist to provide 
services with a guide to what constitutes a high-quality environment. Policy recom-
mendations or standards exist around sedentary behaviour (see, e.g. the Institute of 
Medicine 2011 and Society for Behavioural Medicine 2015 in Table 25.1), and in 
some cases, these have been implemented and evaluated at a state or provincial level. 
Interventions have been conducted in several countries, but most have targeted 
improving physical activity or active play, not reducing sedentary behaviour. 
These interventions have involved professional development for educators and 
have typically included a measure of sedentary behaviour (usually screen time) as 
an outcome. The findings are inconsistent. Two studies that assessed change in 
screen time policies in the childcare environment found significant improvements 
[38, 39]. Of the three studies that examined change in children’s television viewing 
[38, 40, 41], only one found a statistically significant difference between interven-
tion and control groups. The only study that examined changes in prolonged sitting 
in childcare found no difference between intervention and control centres [38]. 

Carson et al. [42] examined the impact of a revision to the standards for physical 
activity and sedentary behaviour in the province of Alberta, Canada, in 2013. This 
had a specific focus on promoting physical activity and minimizing sedentary time in 
children. The authors found a small but statistically significant decrease in sedentary 
time of 3.1 min/h among toddlers from eight centres. This demonstrates the power of 
a government-led policy initiative in changing sedentary behaviour at a population 
level. 

Similar policy strategies to reduce sedentary behaviour that have been employed 
in schools could also be tested in childcare settings. These include allowing children 
to stand during table-based activities and meal times instead of requiring them to sit, 
moving scrap bins off tables during meal times which would require children to get 
up to put their food scraps in the bin, and breaking up prolonged sitting (>20 min) 
with short activity breaks (3–4-min duration) of moderate-to-vigorous activity 3–4 
times per day. Data we have collected from a single group study showed that this 
strategy reduced sedentary time by 15 min/day. In a current study being completed



by the authors, educators are finding this policy a highly effective strategy for 
managing child self-regulation and helping children more effectively transition 
between activities during the day. 
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An area in childcare where further reductions in sedentary behaviour could be 
achieved through policy change is nap time. It has been shown that despite the 
majority of 3–5-year-old children not needing to nap, many centres still have a 
“sleep” time where children are required to lie quietly for up to 90 min [43], further 
adding to their excessive levels of sedentary time. Such practices are associated with 
a poorer emotional climate and behaviour management in services [44]. Sedentary 
behaviour could be reduced by training educators to allow children who do not fall 
asleep after 30 min to leave the sleep area. 

The after-school environment includes formal after-school programmes that are 
typically attended for a 2–3-h period on weekdays during school terms. These 
programmes are attended by approximately 10% of children aged 5–12 years in 
countries such as the United States, Australia, Canada, and the United Kingdom. 
Beets et al. [45] reviewed the effect of after-school programmes on a range of 
outcomes, including sedentary behaviour. Four studies were included with measures 
relating to television, computer, and video game use. The pooled effect size was 0.20 
(95% CI ¼ -0.04 to 0.44) with only one showing a statistically significant effect on 
reducing screen-based sedentary behaviour [46]. Two observational studies have 
examined the relationship between policy factors and sedentary behaviour. Ajja et al. 
[47] audited 20 after-school programmes and found that sedentary behaviour was 
not related to the presence of a policy. Beets et al. [48] audited 18 after-school 
programmes and found that, counter-intuitively, having a physical activity policy 
was associated with more time in sedentary behaviour. It was suggested that this may 
be due to the implementation of policies being voluntary in after-school 
programmes, and the sedentary behaviour observed may be a result of lack of policy 
implementation rather than policy ineffectiveness. It was recommended that 
improved support be provided to after-school programmes to assist with policy 
implementation. It was also noted that none of the policies reviewed contained 
specific recommendations quantifying the amount of sedentary behaviour. More 
specific policies which outline the number of minutes which should be spent in 
sedentary activities are likely to be more successful. 

In a study that examined the effect of targeting policy, Beets et al. [49] examined 
the effect of implementing the Californian After School Physical Activity Guidelines 
[50]. These guidelines recommend children participate in 60 min of physical activ-
ity, 30 min of which should be moderate-to-vigorous in intensity, while attending 
after-school programmes. Twenty after-school programmes were randomized into 
intervention or control groups. The intervention involved working with after-school 
programmes to support their adoption and maintenance of the policy. After 1 year, 
intervention boys and girls showed significantly greater reductions in sedentary time 
of around 5 min/day and 3 min/day, respectively.
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25.3.4 Transportation and Urban Design 

This environment encompasses travel for work, school, household, and recreation 
activities. It is well known that transportation systems (including land use and 
community design) are an important influence on sedentary behaviour and that 
individuals can be less sedentary if communities are designed and built to support 
safe walking, cycling, and the use of public transport [13]. For instance, Koohsari 
et al. [51] found that lower overall walkability, lower residential density, and lower 
intersection density were significantly associated with prolonged sitting in cars. In a 
review that synthesized current evidence on associations of neighbourhood environ-
mental attributes with adults’ sedentary behaviours, Koohsari et al. [52] showed that 
living in a rural area was recurrently and significantly associated with higher 
sedentary behaviours, while higher walkability-related measures, better social and 
safety issues, better neighbourhood aesthetics, having better access to destinations, 
and better route attributes were associated with less time spent sitting. However, 
some studies also observed a significant association in the unexpected direction for 
sedentary behaviour with these last five environmental attributes. Given that the 
alternative (passive transportation such as car travel) is sedentary, any increase in 
active transportation is likely to result in an overall reduction in sedentary behaviour. 

Providing better public transport infrastructure such as park and ride (bus or train) 
or park and cycle for those who commute from the outer suburbs of cities is 
important as it has been shown that prolonged sitting time in cars was higher 
among those living in outer suburbs [53]. Other policy initiatives could include:

• Providing incentives for adopting policies that support “complete streets” stan-
dards in the planning and development of transportation networks [54]. This 
includes improving street lighting, ensuring footpath continuity, introducing 
traffic calming devices, and landscaping street areas to improve aesthetics [55].

• Appointing at both state/provincial and federal levels, ministers who are respon-
sible for urban development and who provide policy leadership that incorporates 
aspects of active transportation and community design.

• Ensuring appropriate funding for improving the infrastructure to support public 
transport, including providing subsidies to encourage greater use among 
individuals.

• Providing tax incentives for employers and owners of buildings to provide 
workplace facilities that support active commuting such as showers, lockers, 
and bike racks. Tax or financial benefits could also be provided for establishing 
bicycle-sharing programmes in communities.

• Providing greater infrastructure to increase active transport to reduce sitting time 
in cars. Urban design variables that have been found to be associated with 
reduced sitting in cars include a more walkable neighbourhood and, more spe-
cifically, a higher net retail area (which indicates more tightly spaced commercial 
outlets) [51].

• Providing support for schools and employers to implement policy initiatives to 
make travel to school and work safer. For example, “no car” zones 100 m around



schools forcing parents and children to break up their sitting in cars by having to 
park and walk.
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• Restricting motor vehicle access and the availability of parking at town centres, 
universities, airports, and other highly congested environments by implementing 
congestion pricing or other comparable pricing schemes and by providing high-
quality public transport access, reclaiming streets in these locations for public 
transport, designated pedestrian areas, and shared space [54]. Bergman et al. [56] 
studied the effects of the Stockholm congestion charge trial, which was incon-
clusive. Although it was found that sitting time was reduced after the introduction 
of the congestion charge, there was no difference compared to other regions (G 
€oteborg/Malm€o) where the charge was not introduced. Other studies which 
have looked at physical activity outcomes of congestion pricing schemes have 
been of low quality and have not specifically focused on sedentary time [57]. 

25.3.5 Healthcare 

It is important to equip healthcare professionals with the resources and training 
needed to reduce sedentary behaviour. Coombes et al. [58] reported on an Australian 
implementation of the global initiative “Exercise is Medicine” (http:// 
exerciseismedicine.org/) that encourages primary care providers to discuss sedentary 
behaviour reduction with their patients and provides them with resources and referral 
options. If efficacious, initiatives such as this can hopefully lead to policy changes 
that provide greater support for sedentary behaviour reduction counselling and 
referrals in healthcare settings. 

Many national societies of healthcare professionals have issued position state-
ments supporting sedentary behaviour reduction policies and programmes and 
encouraging their members to promote sedentary behaviour reduction in their 
communities. Examples of these are summarized in Table 25.1. In addition, some 
such as the Canadian Society for Exercise Physiology (CSEP) have developed 
sedentary behaviour guidelines which have been endorsed at a national level and 
driven much of the policy change in this area in Canada. 

25.3.6 Nonhome-Based Leisure Settings 

This environment includes sedentary recreational activities that are participated in 
outside the home environment. Examples include spectating at sporting events and 
going to the movies, concert, or theatre. There are very few studies that have 
examined the association of policies in these settings with sedentary behaviour. 
We are also unaware of any policy-level interventions that have been conducted in 
these settings.

http://exerciseismedicine.org
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In the absence of such evidence, we suggest that policy-level changes could 
include examining how occupational health and safety regulations could be modified 
to allow people to stand in public venues and encourage community entertainment 
venues to provide non-sitting alternatives. 

We can learn from smoking that policy interventions such as promoting sitting-
reduced environments (through design, tax incentives), benefits to productivity 
(workplace) and learning (schools and childcare), limiting access to sitting (having 
standing meeting rooms), and providing appealing alternatives (walking meetings) 
could be attractive targets for policy interventions, and similar policy level interven-
tions have been successful in decreasing the prevalence of smoking in the United 
States. 

25.3.7 Public Health 

This sector includes government guidelines or recommendations that have been 
developed to target sedentary behaviour reduction (see Table 25.1 and Sect. 21.3 
of this book for a summary of these guidelines). Ideally, governments must commit 
to and lead a multisectoral effort if we are to see the health and economic benefits of 
reductions in sedentary behaviour fully realized. Sedentary behaviour guidelines 
have evolved from television viewing to broader screen use and more recently in 
countries such as Australia, Canada, Spain, and the United Kingdom to include 
specific guidance on reducing prolonged sitting (see Table 25.1). Little research has 
examined the impact of national guidelines on sedentary behaviour reduction, but 
policy-level strategies that could be targeted to reduce sedentary behaviour include 
using mass media to promote the guidelines at a population level [2]. This would 
include using social media and social marketing principles [13]. 

In addition, policymakers should ensure that sedentary behaviour guidelines are 
updated every 5 years [59], and health organizations at all levels of government 
should work together to engage in policy development and advocacy and tailor 
policy messages to support compliance with the guidelines among diverse settings 
and populations [13]. 

25.3.8 Non-government Organizations 

In some countries, the absence of strong policy leadership from governments has 
resulted in key stakeholder organizations “stepping up to the plate” to provide 
recommendations for how sedentary behaviour can be reduced at a policy level. 
Examples of these are found in Table 25.1 and include the National Heart Founda-
tion of Australia (Blueprint for an Active Australia and reducing sitting information 
sheets for children and adults), ParticipACTION, Active Healthy Kids Canada, and 
the British Heart Foundation (sedentary behaviour evidence brief).
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A policy initiative that has been highly successful in driving change in sedentary 
behaviour reduction has been the National Physical Activity Report Cards coordi-
nated through the Active Healthy Kids Global Alliance. The first “Global Matrix” of 
grades compared 15 countries from around the world [60] and observed higher levels 
of sedentary behaviour in high-income countries than low-middle-income countries. 
In general, it seemed like more policies, structure, and infrastructure were associated 
with more sedentary behaviour. Counter to the general tone of this chapter, these 
findings suggest that the best way to decrease sedentary behaviour among children 
and adolescents is to simply allow them the freedom (permission) to move, roam, 
and stand at their own free will. The Global Matrix 2.0 will compare 39 countries 
and will be released in November 2016, providing unprecedented comparisons in 
sedentary behaviours of children and adolescents from around the world (see www. 
activehealthykids.org). Organizations and individuals can use these findings and 
comparisons to advocate for policy-level changes in sedentary behaviours. 

25.4 Factors Important to Supporting Policies 

While this chapter focuses on the policy level, it is important to note that most 
effective interventions to reduce sedentary behaviour will incorporate multiple levels 
of the ecological model [61]. Any policies will also need to overcome the strong 
social norms to sit in meetings, classes, childcare, cinemas, on public transport (or to 
avoid public transport if one perceives they will not be able to get a seat), sporting 
events, and at home while relaxing. These norms are reinforced socially 
(e.g. questioning why someone is standing in a meeting) and reinforced by environ-
mental manipulations (providing chairs and policies that prohibit standing in a class 
or cinema). It is also important to have role models in the media where standing is the 
norm. An example of this in recent years is the trend for newsreaders and those 
presenting sports and weather on the news to do so standing rather than sitting 
behind a table. 

A challenge for sedentary behaviour research is examining how policy-level 
influences interact with other levels of influence. For example, policies supporting 
a reduction in sedentary behaviour in school environments such as standing assem-
blies or providing a number of standing desks for each classroom will work better 
when combined with teacher professional development in this area. 

Policy level changes to reduce sitting may be motivated by outcomes other than 
health ones. It may be for increased productivity (work), learning or academic 
outcomes (school/childcare), transport efficiency (fewer seats on buses or trains), 
and reduced traffic congestion (fewer cars). These factors need to be considered 
when developing policy-level initiatives to reduce sedentary behaviour.

http://www.activehealthykids.org
http://www.activehealthykids.org
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25.5 Recommendations and Future Research Directions 

On the basis of the evidence summarized in this chapter, the following recommen-
dations are made: 

1. Efforts to improve public policies to reduce sedentary behaviour should be 
evaluated to determine if there is an impact on health behaviour. Reasons for a 
change in policy not equalling a change in behaviour are the policy being too 
weak, short lived, incompletely implemented, or only for a limited determinant of 
sedentary behaviour. 

2. Researchers should attempt to disentangle the policy environment from other 
environments and strategies. For example, in schools, a strategy may be to reduce 
sitting by having standing-only assemblies. Attention needs to be given to 
determining when this becomes a policy-level initiative. 

3. To more effectively target reducing sedentary behaviour at a policy level, better 
monitoring and surveillance systems are needed. This would include the corre-
lates and determinants of sedentary behaviour and evaluation of policy 
approaches to reduce sedentary behaviour. More funding for policy research in 
these areas is also needed. Investing in the appropriate infrastructure to support 
policy initiatives (such as monitoring and surveillance systems) will allow stake-
holders to measure the impact of any policy-level sedentary behaviour strategies 
and to track any legislation efforts. Policymakers and researchers also need to 
work closely to respond promptly to changes in legislation that could be used 
opportunistically in natural experiments. For example, the work of Carson et al. 
[42] in Alberta, Canada, responding to changes in legislation in sedentary behav-
iour in early childhood education and care settings. 

4. As policy-level variables are also difficult to manipulate experimentally, new 
methods are needed to determine how to best test the effect of policy-level change 
on sedentary behaviour reduction. 

25.6 Summary 

It is the responsibility of all stakeholders to advocate and engage in policy develop-
ment to raise the priority of sedentary behaviour reduction in research, policy, and 
practice. Policy approaches have significant potential in reducing sedentary behav-
iour, especially at the population level. For them to work, there needs to be a 
coordinated effort involving individuals, non-government agencies, and all levels 
of government. Investment in evidence-guided initiatives is crucial, and researchers 
need to work with other stakeholders to demonstrate that such changes are cost-
effective and, in the case of education and workplace environments, do not adversely 
affect productivity or learning outcomes. For the population, the most effective 
policy interventions will use theoretical models and involve multilevel, 
multicomponent strategies in each of the settings described in this chapter. Such



approaches are likely required to make demonstrable and sustained changes to 
engrained social norms that are sedentary-centric and provide the best chance to 
reduce sedentary behaviour at a national and international level. 
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Chapter 26 
Dynamics of Sedentary Behaviours 
and System-Based Approach: Future 
Challenges and Opportunities 
in the Life-Course Epidemiology 
of Sedentary Behaviours 

Sebastien F. M. Chastin, Sofie Compernolle, Marieke De Craemer, 
Jean-Michel Oppert, and Greet Cardon 

Abstract This chapter challenges our current thinking about sedentary behaviour 
and offers new paradigms to move forward to understand the complex nature of 
sedentary behaviours and their determinants. Sedentary behaviours are ubiquitous 
and changing in nature over time: with advances in media and IT technology, 
television (TV) time is decreasing, but overall screen time is growing. Understand-
ing the non-linear temporal dynamics of sedentary behaviours and how people 
accumulate, or break, sitting time appears a crucial step to design innovative 
strategies. Since multiple factors at different levels (proximal, distal) are interacting 
to drive sedentary time, new perspectives combining a life-course perspective and
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complexity science are needed. System-based approach and adaptive dynamical 
systems modelling will help model the interaction between factors and feedback 
loops. A system-based framework for the study of sedentary behaviours called SOS 
(Systems of Sedentary behaviours) has been established by a transdisciplinary 
research group within the framework of the European DEDIPAC Knowledge Hub. 
Novel methods of enquiry are required to progress the field, including methodolo-
gies for analysis such as probabilistic modelling techniques (Bayesian Networks), 
simulation studies investigating different scenarios of possible societal changes and 
their effect on sedentary behaviours, and innovations in measuring accurately other 
dimensions such as context and type of sedentary behaviours. Finally, future oppor-
tunities for innovative data collection (e.g., ecological momentary assessment) and 
analysis (big data) and innovative interventions (natural experiments, just-in-time 
adaptive interventions, solutionist, and participatory approach) are highlighted for 
their potential to benefit sedentary behaviours research and work more efficiently 
towards public health solutions to tackle this new threat of modern life.
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What Is New?
• A realist perspective was added as a suitable approach to deal with complex 

behaviours—such as sedentary behaviour.
• Ecological momentary assessment has been introduced as a promising 

alternative to acquire context-specific sedentary behaviour data.
• The development and implementation of just-in-time adaptive interventions 

to reduce sedentary behaviour was included as a result of IoT. 

26.1 Introduction: Sedentary Behaviours—the Need 
for a Comprehensive Perspective 

Societal changes have made sitting the dominant posture during most activities of 
daily life; learning, working, travelling, caring, and taking leisure time. Sedentary 
behaviours are ubiquitous throughout the day, and they concern everybody from 
infants to older adults. These changes have been crept up on us almost unnoticed 
until very recently. Devising solutions to tackle this issue in a world likely to change 
at a faster pace will require that we understand the dynamics of sedentary behaviours 
throughout the day, throughout the life-course, and also across regions of the world. 
It will also require that we understand the very complex interplay between biolog-
ical, environmental, and societal processes that drive these dynamics. This clearly 
needs a more comprehensive perspective, a change in our thinking, and updating the 
paradigms we use. 

In the last twenty years, the epidemiology of sedentary behaviours has evolved 
very rapidly since its first definition by [1] (see also Chap. 1 for the definition of



sedentary behaviour and Chap. 2 for the descriptive epidemiology of sedentary 
behaviour). Chapters 7–14 of this book give a summary of the current evidence 
base on the relationship between sedentary behaviours and a variety of health 
outcomes including increased adiposity, cardiovascular disease, metabolic syn-
drome and diabetes, some cancers, other chronic diseases, and mortality. This first 
phase of the sedentary behaviours’ research agenda, as described by [2], has 
provided consistent convincing evidence identifying “too much sitting” as a distinct 
health risk, and the field is ready to move towards finding effective solutions to 
address this public health concern. 

26 Dynamics of Sedentary Behaviours and System-Based Approach: Future. . . 749

The next phase of the research agenda will have to focus on gaining a deeper 
understanding of sedentary behaviours themselves and their determinants in order to 
inform public health interventions and policies [3]. Chaps. 2, 15, 16, and 28 of this 
book provide accounts of early research in this phase, guided by the behavioural 
epidemiology framework [4] and research recommendations [2, 3] inspired by the 
physical activity literature. In this chapter, we examine how the complex nature of 
sedentary behaviours challenges our current thinking and paradigms in moving 
forward. To date, we have mainly either considered sedentary behaviours in a global 
way/as a whole or considered sedentary behaviours to be equal. We studied them in 
isolation from other behaviours occurring throughout the day, using mostly linear 
methods and with a deterministic causal paradigm. However, sedentary behaviours 
are extremely diverse, changing, pervasive, and non-linear [5]. As much as there is a 
host of health consequences of sedentary behaviours, the determinants of sedentary 
behaviours are numerous, heterogeneous, dynamic, and with varying impact. 

New perspectives, combining life-course and complex dynamics systems 
approaches might enable us to meet these challenges in this new phase of research. 
Finally, we look at how future opportunities for innovative data collection (e.g., 
ecological momentary assessment) and analysis (e.g., functional data analysis, 
compositional data analysis, machine learning) and innovative interventions (e.g., 
natural experiments, just-in-time adaptive interventions, solutionist approach) might 
benefit sedentary behaviours research. 

26.1.1 Heterogeneous Behaviours 

The reader will note that throughout this chapter we use the plural for sedentary 
behaviours, while most of the literature refers to the singular sedentary behaviour. 
This is to reflect the emerging notion that sedentary behaviours are heterogeneous, 
which is already present in the most widely accepted definition [6]. It is actually an 
umbrella term for a very wide array of daily activities which are performed in sitting 
or reclining postures. While most research has considered sedentary behaviours as a 
single collective behaviour, some research has emerged showing that not all seden-
tary behaviours have the same effect on health or are equally modifiable. For 
example, different associations have been found for different types of sedentary 
behaviours. In comparative studies, screen-based sedentary behaviours were found



to be negatively associated with cardiovascular health outcomes, while this was not 
the case for non-screen-based sedentary behaviours [7, 8]. It is also conceivable that 
some sedentary behaviours might have health-enhancing effects (we all need to rest 
and relax sometimes, and this might have salutogenic effects). 
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While it is convenient in epidemiology to think collectively about sedentary 
behaviours as a single homogenous behaviour because it is easier to deal with in 
statistical modelling, some authors have argued that this could lead to unwanted 
demonizing of sitting. Indeed, some but not all sedentary behaviours might warrant 
changing or reducing. For example, Leask et al. [9] argued that some sedentary 
behaviours, such as reading or doing cross-words, contribute little to the total 
amount of time older adults spend sitting and might have health benefits in terms 
of cognition which outweigh potential other health risk [10]. Similarly, in children, 
there is reticence in modifying study time, and some classroom sitting time might be 
much harder to modify [11, 12], while targeting screen-based behaviours show more 
promises for obesity prevention [13]. 

Most interventions to reduce sedentary behaviours have tackled all sitting time 
homogeneously [14, 15], so there is a real dearth of information about which type of 
behaviour is more modifiable. However, it is clear from both quantitative and 
qualitative research that determinants differ between sedentary behaviours [16–19]. 

It is clear that in the future we will need to engage with the heterogeneity of 
sedentary behaviours to more precisely target those that are negative to health and 
modifiable. In the next sections, we look at technical advances, methodological 
investments, and opportunities that can contribute to achieving this. 

26.1.2 The Changing Nature of Sedentary Behaviours 

Early research in sedentary behaviours was prompted by concern about the health 
consequences of television (TV) and videocassette recorder (VCR) technology 
becoming more widely available and used [20]. Advances in media and IT technol-
ogy are now very swift and so sweeping that it is fundamentally changing how and 
why we are sedentary. 

Recent international surveys reveal that screen time sedentary behaviours are 
growing [21]. For example, with the rise of online media services such as Netflix, 
Hulu, and Amazon Video, with which the viewer can watch TV shows and movies 
on-demand, binge-watching is becoming a popular cultural phenomenon. Binge-
watching, also called binge-viewing or marathon-viewing, is the practice of 
watching TV for a long time span, usually watching between 2 and 6 episodes of 
the same TV show in one sitting [22]. Furthermore, media multitasking like being on 
Facebook while watching TV has become very common [23, 24]. 

It was shown in many studies that having a TV in the bedroom was detrimental 
for excessive amounts of TV viewing, mainly in children and adolescents [18]. How-
ever, this seems no longer relevant as nowadays TV viewing is increasingly getting



replaced by using a computer, tablet, or smartphone to watch TV or to chat, be on the 
internet, email. 
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So younger generations might be exposed to more sedentary behaviours of a very 
different nature compared to the generations we have built our evidence from. This 
also affects other generations as work practices for adults are changing and the 
“new” older adults from the Baby Boomer generation are some of the highest 
consumers of screen technology [25]. 

Future research needs to take into account the changing sedentary behaviours as 
its impact and implications are currently hard to predict and grasp. 

26.1.3 Pattern of Accumulation of Sedentary Time 

Understanding the temporal dynamics of sedentary behaviours and how people 
accumulate sitting time is crucial if we seek to modify it [26] and measure it 
accurately. This is one area where the complexity of sedentary behaviours is the 
most striking. Yet the way in which we measure, analyse sedentary behaviours, and 
conceptualize how we could modify them has to date mostly been based on linear 
assumption. Indeed, often by analogy to the FITT principle of physical activity 
(frequency, intensity, time, and type), we consider that the time spent sedentary is 
simply how often we sit times how long we sit for on average. However, the 
accumulation of sedentary time is a highly non-linear process and follow power 
law distributions [5, 27], which is the hallmark of complex systems dynamics 
present in numerous aspect of human physiology and behaviour [28, 29]. This 
means that people do not sit following regular and predictable patterns in time and 
do not have preferred or average sitting bout duration. Instead, sitting is accumulated 
in many frequent short bouts and very few long ones, which however contribute 
substantially more time to the total sitting time [5]. This is easy to understand, during 
the day, it can theoretically fit many short one-minute bouts of sitting but only eight 
four-hour long bouts. Yet a single four-hour bout contributes much more time to the 
total sitting time compared to numerous one-minute bouts. It would actually take 
480 one-minute bouts to accumulate as much sedentary time as a 4 hour long box-set 
binge-watching session! 

One of the important consequences of this non-linear dynamics is that it makes 
sedentary time extremely variable over time [30]. In turn, this has consequences in 
epidemiological modelling and for measurement and assessing behaviour change in 
the intervention [31]. More importantly, this non-linear dynamics drives the total 
sitting time, which is associated with poor health outcomes, and the way in which 
people accumulate sitting time might be a contributing factor in this relationship 
[32], as illustrated by the concept of breaks in sedentary time [33].
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26.1.4 Interdependence 

To date, the health consequences and determinants of sedentary behaviours have 
been largely studied in isolation of other health behaviours, such as physical activity 
and sleep or nutrition. In part, this is due to the fact that initially scientists struggled 
to delineate the specificity of sedentary behaviours. A substantial body of work has 
attempted to establish that the effect or association between sedentary behaviours 
and health are independent of time spent in physical activities in order to convince 
the scientific community that sedentary behaviours are not just seen as inactivity but 
as a different concept and class of behaviour worth of public health attention. In part, 
it is also due to the prevailing deterministic and causal paradigm that requires 
variables of interest to be independent. This assumption of independence is now 
being revisited as it is seen as a limitation in advancing the epidemiology of 
sedentary behaviours [34, 35]. Several authors have argued that sedentary behav-
iours need to be studied in conjunction with the rest of the 24-hour daily activity [36] 
and that patterns including physical activity could be delineated [37]. Others have 
examined the assumption of independence and suggested that it does not reflect the 
fact that time is limited during the day and that time spent in different behaviours are 
necessarily co-dependent [35, 38]. Finally, there is also evidence that nutrition and 
sedentary behaviours interact and that this might be one of the mechanisms by which 
time spent sedentary influences health [39–43]. 

26.1.5 Determinants of Sedentary Behaviours 

The most recent systematic reviews [18, 44, 45] show that the current evidence on 
the determinants and factors influencing sedentary behaviours is limited, but that it is 
clear that multiple factors at different levels are interacting to drive sedentary time. 
The complexity of the web of influence acting on sedentary behaviours is already 
present in the current socio-ecological model of sedentary behaviour [3]. However, 
this neglects how determinants change within a day, from day to day, from week to 
week, as well as over the life course. In addition, research has focused largely on 
proximal factors and studied them as independent, not sufficiently taking into 
account feedback loops and interactions. We have barely attempted to understand 
more distal factors and how those interact. Consequently, we cannot predict or spot 
population secular trends in sitting time, which are non-linear [46–48] and see 
sudden changes and discontinuities. A good example is the emergence of binge-
watching series (also known as box sets). In Sect. 26.1, we discussed how techno-
logical advances are changing the nature of sedentary behaviours, but this is also 
accompanied with a non-linear change in sitting time. However, the technology is 
not enough to explain these changes. Actually, a combination of technological 
advances (DVD, video on demand), increased piracy, and consequent drive by 
production houses to produce better material to fight piracy and retain economical



gains has greatly enhanced the viewing experience. In turn, this has led to an 
explosion and social normalization of binge-watching, which several years ago 
would have been neither technically possible nor socially acceptable. 
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To date, there are no anthropological, historical, or economic studies that could 
help us understand these trends and identify the most powerful key macrolevel 
drivers. We often blame technology, industrialization, urbanization, and automation 
but without solid evidence or understanding of how these interact. More careful and 
multidisciplinary investigation is required to understand the complexity of influence 
driving sedentary time if we want to design innovative solutions to counter these 
global trends linked to technological and societal progress. 

26.2 Tackling the Complexity of Sedentary Behaviours 

In view of the characteristics of sedentary behaviours highlighted above, it is 
difficult to fathom how we could make efficient progress without engaging with 
complexity and change in part the way we conceptualize sedentary behaviours, the 
methods and models we use. In addition, it seems clear that new scientific disciplines 
need to engage in sedentary behaviours’ research. In the following sections, we 
highlight some of the key concepts, methods, and recent developments that might 
enable us to tackle the complexity of sedentary behaviours and work more efficiently 
towards public health solutions. 

26.2.1 Dynamic Complex Systems Approach: Application 
to Sedentary Behaviours 

As most public health research and practice, the understanding and modification of 
sedentary behaviours generally has been guided by a linear and reductionist para-
digm. This dominant conceptual thinking and epistemology posits that a problem 
can be fully described and explained by causal pathways that predict the problem at 
any point in time and under any circumstances [49]. The approach assumes that 
cause and effect are proportionally linked either directly or through a more compli-
cated cascading pathway. Finding causal pathways can identify mechanisms 
explaining the consequence of sedentary behaviours on health and inform about 
possibilities for intervention. 

This approach has been very useful in informing public health research and policy 
when dealing with communicable diseases and enabled to establish the current 
evidence base on the association between sedentary behaviours and health. How-
ever, limitations of this paradigm have come to the fore when dealing with problems 
such as chronic diseases, which involve endogenous effects, feedback loops, and



Domain Complex systems and problems

non-linear dynamics resulting from the interactions of multiple heterogeneous 
factors [50]. 

754 S. F. M. Chastin et al.

Table 26.1 Characteristics of complex systems and problems 

Simple or complicated 
problems 

Relationships Linear Non-linear 

Common statistical 
distributions 

Normality Non-normal, power law, 
log-normal 

Perspective Reductionist Holistic 

Factors Independent Interdependent, with feedback 

Paradigm Deterministic Stochastic, probabilistic 

Temporality Static or discretely 
longitudinal 

Dynamic, adaptive, self-
organizing 

Behaviour Homogeneous Heterogeneous 

In the past decade, the exciting, interdisciplinary field of “complexity science” 
has emerged as an alternative perspective [51]. The science of complexity is not a 
single theory but rather a different epistemology coming from an array of disciplines 
that provide a collection of important concepts and tools for responding to these 
challenges. Amongst those, system-based approach and adaptive dynamical systems 
modelling are increasingly used to address particularly persistent and complex issues 
in health care and public health [52–54]. One of the most famous applications of 
complexity science in public health is probably the FORESIGHT model of 
obesity [55]. 

A complex system or problem must be distinguished from a complicated problem 
and is characterized by the features in Table 26.1. 

In the following section, we explore how this applies to the epidemiology of 
sedentary behaviours and discuss some recent advances that engage with the com-
plexity of these behaviours and how future developments might contribute to finding 
solutions. 

26.2.2 System-Based Approach to the Determinants 
of Sedentary Behaviours, Intervention, and Policy 

Dealing with sedentary behaviours as a complex adaptive system, as it has been done 
in other public health problems [52–54] might provide the next step of change and 
address some of the limitations of current socio-ecological models that inform 
sedentary behaviours research [56]. While these models consider that sedentary 
behaviours are driven by multiple factors from different spheres of influence, they 
still assume that there is a hierarchical and linear structure of causation. We need to 
explore new paradigms and invest in developing models that implicitly recognize the



interaction between factors and feedback loops. A system-based approach enables 
this and also has the added benefit of focusing on systems rather than the individual. 
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Fig. 26.1 SOS framework: Systems of sedentary behaviour with six cluster of determinant 
influencing sedentary behaviour 

Recently the Determinants of Diet and Physical Activity (DEDIPAC) Knowledge 
Hub [57] developed a transdisciplinary system-based framework for the study of 
sedentary behaviours called SOS (Systems Of Sedentary behaviours) [58] 
(Fig. 26.1.) This framework was developed by merging evidence and eminence in 
an international consensus process with the most multidisciplinary panel ever 
assembled on sedentary behaviours. This framework considers sedentary behaviours 
as a system of six interacting clusters of factors. The clusters are:

• Physical Health and Wellbeing: Cluster encompassing everything related to an 
individual/groups health and wellbeing, including (but not limited) to their 
personal health status. For example, this cluster also covers systems for the 
provision of health care or health enhancing facilities.

• Social and Cultural Context: Cluster referring to the social environment individ-
uals/groups live in, the culture they were educated in and interact with.

• Built and Natural Environment: Cluster referring to the physical environment 
individuals/groups live in and interact with. This includes the natural environ-
ment factors such as weather or built environment such as the physical layout of 
towns.

• Psychology and Behaviour: Cluster referring to individuals/groups psychological 
and behavioural traits such as motivations and attitudes.
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• Politics and Economics: Cluster encompassing political and economic factors that 
influence the civic life of individuals/groups at international, national, regional, 
and individual scales.

• Institutional and Home Settings: Cluster encompassing all factors influencing the 
physical and human organization of institutions (e.g., the home, schools, work-
place, care homes) individuals/groups live in or interact with. 

The framework has been used to guide secondary analyses of European cohort 
studies and set research priorities. The framework also forms the base for modelling 
and simulation studies, identifying tipping points, and developing strategies to 
reduce sedentary behaviours. 

26.2.3 Novel Analytical Methods 

In addition to the basic description of sedentary behaviour data analysis in Chap. 4 of 
this book, there are a host of novel analytical approaches that are yet to be used in 
order to deal with the complex nature of sedentary behaviours and improve our 
understanding. In terms of dealing with the interdependence of sedentary behaviours 
and the interrelationships between sedentary behaviours, physical activity, and sleep, 
the GRANADA consensus decision tree has recently been developed by a team of 
experts [59]. The decision tree includes novel analytical approaches and aims to 
assist researchers’ decision-making. One of these analytical approaches is composi-
tional data analysis. Compositional data analysis considers the distribution of time 
throughout the day as a single mathematical object that can be used in the statistical 
model and has been advocated [35] because it is congruent with reality and provides 
a solid mathematical formalism with a long history [60]. Integrating sedentary 
behaviours into multiple behaviour Healthy lifestyle profiles as an integrated 
approach also looks promising [61]. In terms of epidemiological modelling to 
understand the determinants of sedentary behaviours adopting probabilistic model-
ling techniques such as Bayesian Networks might be very informative especially if 
this is coupled with simulation studies investigating different scenarios of possible 
societal changes and their effect on sedentary behaviours. This is a combined 
approach that is being used in obesity research [54, 55, 62]. 

26.2.4 Solutionist Approach, Realist Perspective, and Natural 
Experiments 

Given the complexity of factors influencing sedentary behaviours, there are almost 
infinite combinations of factors that we could try to address in intervention and 
experimental studies. Following the usual medical research route of proof of concept 
trial followed by feasibility, efficacy trials, and then multi-centre trials, it would take



a very long time and a lot of resources to locate in this very vast parameter space of 
possible intervention, which one is optimal or even identify those that work for 
sedentary behaviours. Adopting a solutionist approach might be better suited to this 
type of complex problem [63]. Enabling local actors to define localized and tailored 
solutions in very specific contexts (work, education, transport) and for different 
population and life stages might allow us to sample this large parameter space more 
efficiently and get to a feasible solution quicker. Next, applying a realist perspective 
might be superior to more traditional perspectives when dealing with complex 
behaviours such as sedentary behaviours. The realist approach is a theory-driven 
approach that moves away from generalizable claims and universal regularities 
towards exploratory questions about how behaviours are shaped by particular 
contexts and about which mechanisms are triggered when contexts are conducive 
[64]. A realist thinker uses retroductive reasoning (i.e., going back from, below, or 
behind observed patterns to discover what produces them) to unearth the causal 
mechanisms underlying a specific phenomenon, or in the case of sedentary behav-
iours, a specific behaviour. Both processes could be complemented with careful 
analyses of societal changes and natural experiments, which might be facilitated by 
advances in big data and the Internet of Things discussed below. This, however, 
requires to let go in part from the positivist ontology that epidemiology is 
founded upon. 
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26.2.5 Measuring the Context of Sedentary Behaviours 

Good measurement methods for sedentary behaviours and their determinants are key 
for sedentary behaviours research and tackling the heterogeneity of sedentary 
behaviours. In the next phase of research we might have to reconsider how we 
measure sedentary behaviours [65]. One of the important shifts is to change the 
emphasis from measuring accurately sedentary time to measuring accurately other 
dimensions such as context and type of sedentary behaviours. Measures of total 
sedentary behaviours may be important to identify high-risk groups and discover 
associations with health; however, information about context and type of sedentary 
behaviours seems more important now as it may reveal which contexts and types of 
sedentary behaviours should be targeted in future interventions. 

Several innovations in objective and sensor-based measurements but also in self-
reported tools are driving this shift. For a basic description of sedentary behaviour 
measurement, see Chap. 3 of this book. 

Self-report tools such as questionnaires are flexible tools to explore context and 
type of sedentary behaviours. Recently, multiple tools have been developed to 
measure specifically sedentary time in different contexts and different types of 
sedentary behaviour [66]. Generally, those questionnaires ask about the time spent 
sedentary for different activities such as watching TV or context such at home or at 
work. Total sedentary time is then assessed by summing the answers, but in addition, 
valuable information about context and type is captured.
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Some contexts of sedentary behaviours are similar for most age groups (e.g., 
reading and TV-viewing), but there are also important age-specific contexts, e.g., 
school-context for adolescents, work-context for adults, and sitting while caring 
(grandchildren) for older adults. Up to recently, no age-specific questionnaires were 
available measuring potential variables associated with all relevant contexts of 
sedentary behaviours. In order to fill this gap, Busschaert et al. developed three 
age-specific questionnaires to assess context-specific sedentary behaviours and its 
potential associated variables: one for adolescents, one for adults, and one for older 
adults [67]. The reliability and validity of the ActivPal™ were tested in the three age 
groups. The questionnaire was self-administered in adolescents and adults, while 
older adults were interviewed. 

The questionnaires showed acceptable test-retest reliability and criterion validity 
against the ActivPal™. Sitting during TV viewing and computer use were the 
contexts with the highest reliability among all age groups. This may not be surprising 
as these activities are common in daily life, are structured, and are rarely interrupted 
for long times. The overall validity and results among older adults were better than 
adolescents and adults. Participants over-reported total sedentary time (except for 
weekend days in older adults) compared to the activPAL™, for weekday, weekend 
day, and average day, respectively, by +57%, +46, +53% in adolescents; +40%, 
+19%, +33% in adults; +10%, -6%, +4% in older adults. 

The over-reporting can be attributed to the inclusion of multiple contexts of 
sedentary behaviours and to the fact that different sedentary behaviours often 
occur simultaneously (e.g., media multitasking like being on Facebook while 
watching TV). The questionnaires attempted to avoid double-reporting by using 
several reminders regarding this issue. However, they may not have completely 
prevented it. The fact that less over-reporting was detected in older adults can be 
explained by the fact that in this age group, interviews were used and the fact that 
media multitasking may be less prevalent in older adults. The newly developed 
age-specific questionnaires may enhance the knowledge of context-specific seden-
tary behaviours and its potential correlates. However, the over-reporting needs to be 
taken into account for adolescents and adults when considering total sedentary time. 
An online tool may be an option to avoid over-reporting by summing all relevant 
domains/contexts of sedentary behaviours and a system of notifications on the screen 
when participants report unrealistic levels of total sedentary behaviours, or truncat-
ing self-reported total sedentary time so that it does not exceed the total waking time 
based on the average sleeping time. 

While context-specific self-reports of sedentary behaviours clearly have their 
merit, nowadays advances in measurement technology provide significantly 
enhanced scientific devices, helping to deal with the methodological limitation of 
measurement error related to the use of self-reports. There are currently three major 
avenues for measuring context and type of sedentary behaviours using objective 
methods; lifelogging, detection of specific sedentary behaviours from movement 
sensors, and location sensors. 

Wearable time-lapse camera technology enables to record pictures of a person’s 
surroundings at high frequency. This is known as lifelogging and emerged from



sousveillance, i.e., recording by individuals of their surrounding using wearable 
cameras, and mobile computing research [68]. Sensecam (developed by Microsoft) 
was one of the first devices to be used to record context of sedentary behaviours 
[9, 69]. This technology is very powerful but presents some challenges. First, it is 
computationally very demanding. Storing and analysing the thousands of pictures 
taken daily is time-consuming and difficult to automate [70]. Currently, there are no 
convincing algorithms to extract and classify sedentary behaviours from lifelogs, 
and most of the analyses have to be done by hand. Second, the technology presents 
some ethical issues [71] that make it difficult to fund studies, despite the fact that 
users report that they find the technology not necessarily intrusive [72]. 
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Movement sensors such as accelerometers and inclinometers are now routinely 
used to detect and measure sedentary behaviours [5]. One avenue to obtain contex-
tual information is to use advanced signal processing techniques to detect more 
specific sedentary behaviours [73]. Early laboratory and controlled studies were very 
promising, but the technology does not transfer easily to free-living conditions due 
to the complexity and variability of activities in free-living [73]. 

Loveday et al. [74] recently did a systematic review to identify and critique 
technology to assess the location of physical activity and sedentary behaviours. 
The location in which sedentary behaviours take place can provide valuable 
behavioural information. The prevalence and correlates of the behaviour may 
depend on the context/location. Sedentary behaviours are likely, though not exclu-
sively, to occur indoors at the home, at work or school, or in leisure pursuits. The 
ability to assess where behaviours occur in an indoor environment may be particu-
larly elucidating for sedentary behaviours. With the ability to assess where sedentary 
behaviours occur at work (e.g., in a meeting room or at a desk) and at home (e.g., 
sofa, desk, or dining table), behavioural researchers would possess a more compre-
hensive profile of the context in which sedentary behaviours occur, which could 
further illuminate the most common modes of sedentary behaviours [74]. 

Objective monitoring could provide a robust means to measure the location of 
sedentary behaviours. Based on their review Loveday et al. described three technol-
ogies: global positioning systems (GPS), real-time locating systems (RTLS), and 
wearable cameras. 

Global positioning systems (GPS) are the most widely used location technology 
in the published research. However, these methods are only able to differentiate 
indoor from outdoor and do not provide room- or subroom-level location (except for 
single-story buildings with a wooden roof or high-story buildings with large 
windows). 

Real-time locating systems (RTLS), however, are able to assess the location of 
people or assets within an indoor environment. Loveday et al. pointed out that, for 
example, if researchers are undertaking a standing desk intervention to reduce sitting 
time, participants are currently often asked to self-report how much time they spend 
at their desk. The amount of time the participants spend at their desk may impact any 
possible reduction in sitting time due to the standing desk. With RTLS, researchers 
would be able to objectively determine the amount of time their participants were at 
their standing desk and thus determine the success, or otherwise, of the intervention



with greater certainty. Or, RTLS could be used to assess whether individual residents 
are more sedentary alone in their bedrooms or when mixing with other residents in 
communal areas. Depending on the findings, some residents may then be best suited 
to an individual intervention focusing on bedroom-based sedentary behaviours while 
other residents may be more suited to a group intervention focusing on communal 
area sedentary behaviours [74]. 

760 S. F. M. Chastin et al.

The systematic review also identified several other location monitoring technol-
ogies, such as Radio-Frequency Identification (RFID) and Integrated Circuit tags 
that are less “ready to use” than the three main technologies discussed above. While 
these technologies, particularly RFID, may have a substantial research base behind 
them, there appears to be no “off the shelf” complete system, which is readily 
purchasable for location tracking. According to Loveday et al., future research 
should, therefore, investigate the feasibility of incorporating these technologies, 
with particular reference to the wearability of the devices, the integration of data 
streams, and the generation of meaningful behavioural outcomes. 

In addition to objective monitoring, context, and type of sedentary behaviours can 
also be investigated using ecological momentary assessment (EMA) [75, 76]. EMA 
is a research method in which real-time data are frequently collected in many 
contexts and real-world settings. EMA has recently emerged as a promising alter-
native to acquire context-specific sedentary behaviour data. In EMA studies, users 
are repeatedly prompted to report on their behaviours, cognitions, affect, and context 
at fixed or random times per day (i.e., time-based EMA) or in those situations where 
a specific event (such as prolonged sedentary behaviour) occurs (i.e., event-based 
EMA) [77]. In the latter case, accelerometer data are mostly used to trigger the EMA 
questionnaire. Next to acquiring context-specific information, EMA also enables 
capturing information on the dynamic determinants of sedentary behaviours. EMA 
data might be useful to inform just-in-time adaptive interventions (JITAIs) [75, 76] 
(see 18.1.3). 

26.2.6 Taxonomy of Sedentary Behaviours 

If we want to tackle the complexity and heterogeneity of sedentary behaviours and 
understand context, we need to have a robust set of definitions and classification 
system that is shared by all disciplines involved in sedentary behaviours research. 
Considering the variety of ways we are and will be measuring context and type of 
sedentary behaviours, it is very important that we invest in developing data standards 
and behaviour classifications that are universal to facilitate data aggregation, har-
monization, and comparison. This is why Chastin et al. developed a taxonomy of 
sedentary behaviours from a multidisciplinary consensus perspective [78]. This 
taxonomy enables to code any instance of sedentary behaviours and define in a 
universal way its contextual information. The taxonomy of sedentary behaviours is 
outlined in Chap. 3 of this book.
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26.3 Future Opportunities 

26.3.1 Life Course Approach 

The life-course perspective takes into account the importance of time and timing to 
study the causal link between exposure and health outcomes to understand changes 
in behaviour through individuals’ life-course and population trends [79, 80]. The 
importance of time in the study of sedentary behaviours is explained by the fact that 
consequences of exposure to sedentary behaviours [81–83] and their determinants 
[18, 44, 45, 84] change with age and that societal and technological transformations 
are altering sedentary behaviours over time [22, 46]. Understanding the dynamics of 
sedentary behaviours through time is crucial to

• Elucidate the effect of long-term exposure to excessive sitting;
• Identify determinants, their interactions, and how these changes through the life-

course;
• Understand how biological, social, environmental, and societal processes inte-

grate to drive individuals to become more or less sedentary;
• Identify critical periods of the life course and societal changes that increase time 

spent sedentary;
• Monitor population secular trends. 

Currently, there is a real dearth of evidence about the life-course epidemiology of 
sedentary behaviours. The majority of our evidence stems from cross-sectional 
studies. 

Life-course epidemiology relies heavily on good, large-scale scale and, in partic-
ular, longitudinal data at all stages of life. Progress will come from cross-referencing 
results or combined analyses of cohort studies in different countries or settings. 
Advances will, therefore, strongly depend on the availability of such information. 
From 2013 to 2016, the European Joint Programme Initiative Action DEDIPAC was 
tasked to develop an inventory of European datasets that could be analysed with a 
life-course approach [57]. The aim was to use the diversity in Europe as a laboratory 
to advance our understanding of determinants of key lifestyles including sedentary 
behaviours. DEDIPAC identified 129 datasets across Europe emerging from 
European-funded projects and analysed their potential for secondary data analysis. 
A number of challenges emerged and are briefly summarized here. 

First, sedentary behaviours are relatively new concepts so very few cohort studies 
or repeated cross-sectional surveys have actually included it in their assessment. In 
those surveys that have included assessment of sedentary behaviours, indicators used 
are usually relatively crude (e.g., sitting time without indication of setting or day of 
the week, such as in the European-wide Eurobarometer survey). In the United States, 
surveys like National Health and Nutrition Examination Survey (NHANES) have 
included assessment of sedentary behaviours quite early on and have used objective 
measures such as accelerometry, but not longitudinally. The U.K. is very rich in



cohort studies, but information on sedentary behaviours is only available in very 
recent waves, and historical data are lacking [85, 86]. 
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A second challenge is access to the data. Less than 50% of the datasets identified 
by DEDIPAC were in the public domain. While open science is growing, early 
cohort studies were largely developed using restricted data sharing and access rules. 
This is understandable considering the investment, time, resources, and efforts 
required to design, undertake, and maintain cohort studies. Finally, when data are 
available, the lack of standardization of methods for the assessment of sedentary 
behaviours, their determinants, and health outcomes present another considerable 
challenge for data pooling and harmonization. 

Overall, there is a real dearth of data on sedentary behaviours, especially from the 
perspective of the life-course, and there is a real need to improve standardization in 
data collection and facilitate data access and data sharing supported by robust data 
model and taxonomy [78]. One option to address this gap and track the long-term 
effect of the changing nature of sedentary behaviours on the youngest generations 
would be to develop new cohort studies with a long-time frame, covering various 
countries or regions and sampling younger as well as older subjects, using up-to-date 
methodology to assess the variety of sedentary behaviours of interest. Such projects 
are challenging given not only the current economic climate and ensuing funding 
restrictions, but also because of growing fear amongst the public about data privacy. 
Recent attempts to start new cohort studies that took place in the U.K. and U.S.A. 
were discontinued because of low recruitment rate [87]. Therefore, new avenues 
would need to be explored for gathering the needed data in the life-course epidemi-
ology of sedentary behaviours. For a life-course perspective of the association 
between sedentary behaviour and cardiovascular disease, see Chap. 8 of this book. 
Chapter 2 provides a life-course perspective of the association between sedentary 
behaviour and psychosocial health. 

26.3.2 Big Data and Internet of Things in Relation 
to Sedentary Behaviours 

To respond to the challenges in harmonizing existing data and developing new 
cohort studies as highlighted above, it seems of interest to look into the potential 
of “Big data” and the “Internet of Things” (IoT). 

“Big Data” has been defined as “large volumes of high velocity, complex, and 
variable data that require advanced techniques and technologies to enable the 
capture, storage, distribution, management and analysis of the information” 
[88]. The healthcare sector historically has generated large amounts of data, driven 
by record keeping, compliance and regulatory requirements, and patient care that we 
could tap into. 

In addition, a key contemporary trend emerging in Big Data science is the 
so-called “quantified self”. Quantified self refers to individuals engaging in



self-tracking of any kind of biological, physical, behavioural, or environmental 
information [89]. 
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Nowadays, self-quantifying is no longer limited to early adopters, geeks, fitness 
freaks, or patients suffering serious health problems. Self-tracking devices have 
shrunk in size, become cheaper, more easily connected with other mobile technol-
ogies and the internet (the so-called Internet of Things). As populations age and 
health-care costs increase, there is likely to be an even greater emphasis on self-
sensing and people taking a more active role, sometimes called “Health 2.0”. In other 
words, self-tracking is becoming mainstream (driven by the private sector) and 
institutionalizing of self-sensing is on its way. It could become an important part 
of e-health including new avenues for prevention and care of non-communicable 
diseases. 

The increased use of self-sensing and the associated capacity to generate data on 
individuals’ continuous movements and behaviours have increased the potential to 
go beyond the more traditional health-care data and to collect Big Data related to 
sedentary behaviours. 

Furthermore, Big Data may raise opportunities to perform natural experiments on 
a big scale and to develop the so-called “living labs”. A natural experiment usually 
takes the form of an observational study in which the researcher cannot control or 
withhold the allocation of an intervention to particular areas or communities, but 
where natural or predetermined variation in allocation occurs. This applies to area-
based interventions in which changes in health are not the intended outcome but 
rather constitute “spill-over” effects [90–92]. Natural experiments can be a prag-
matic, cost-effective research design if data are already available for analysis in 
national data sources. They can provide an opportunity to answer research questions 
that it may not be possible to address in any other way (particularly given the ethical 
and practical constraints of “randomization”). They may identify effective interven-
tions and provide a useful tool for policy evaluation. The increasing collection and 
availability of data in cities have the potential to turn urban areas into large-scale 
experimental test beds for data-driven innovation. Limitations of the natural exper-
iment approach were highlighted in reviews about methods and the utility it may 
have [93]. Recommendations for future research were proposed, including improved 
study designs (beyond the pre-post type of studies), careful selection of comparison 
groups, and control for confounding by matching on key demographic and socio-
economic factors, as well as treatment of drop-outs and missing data. Beyond 
recognized limitations and difficulties in implementation, follow-up, and analyses, 
because they are aligning with realities of public health practice on the ground, and 
given their population reach, natural experiments remain attractive and hold promise 
for informing policy decisions [92]. Currently, 340 European cities are part of the 
“European network of Living labs” through four key elements: co-creation of new 
services by users and procedures, exploration of emerging usages, behaviours, and 
market opportunities; experimentation with implementing live scenarios with a 
community of lead users and evaluation of concepts, products, and services (http:// 
openlivinglabs.eu/). One of the Living labs is the Food & Health Living Lab, which 
comprises seven fundamental pillars including nutrition, food, physiotherapy,

http://openlivinglabs.eu/
http://openlivinglabs.eu/


psychology, genetics, physical activity, and clinical analysis. It seems worth explor-
ing how sedentary behaviours research can learn from these Living Labs and how 
these kinds of initiatives can be used outside the private sector. 
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The term “Internet of Things” was originally used in the context of supply chain 
management. However, in the past decade, the definition has been more inclusive, 
covering a wide range of applications like healthcare, utilities, transport, etc. 
[94]. Although the definition of “Things” has changed as technology evolved, the 
main goal of making a computer sense information without the aid of human 
intervention remains the same. Fuelled by the prevalence of devices enabled by 
open wireless technology such as Bluetooth, Wi-Fi, and telephonic data services, 
IoT has gained popularity. In 2011, the number of interconnected devices on the 
planet overtook the actual number of people and currently there are 50 billion 
interconnected devices, and it is expected to reach 100 billion devices by 2030 
[95]. Also, in the scope of behaviour change and health promotion, and therefore of 
interest to the field of sedentary behaviours research, the IoT may hold promise, 
especially since it offers a two-way communication system as body-worn sensors 
and devices used by the individual could be used to implement Just-In-Time 
Adaptive interventions (JITAIs) [96]. JITAIs are interventions in which the provi-
sion of support (e.g., the type and intensity) is adapted over time, taking into account 
an individual’s changing needs and contextual state. Ideally, JITAIs deliver support 
at the moment that the person needs it most and is most likely to be receptive. 
Despite its enormous potential, research into the development, evaluation, and 
implementation of JITAIs focusing on the reduction of sedentary behaviours in 
still in its infancy. 

While Big Data, living labs and the Internet of Things may hold promise to yield 
insights for research on sedentary behaviours, some limitations/pitfalls must be 
acknowledged: 

– Currently, the trend to make Big Data go mainstream is mainly driven by the 
private sector. Critical thinking and the involvement of researchers, also those 
who do not typically work with Big Data will be important to its effective use as a 
tool for public health research and for both personal and public health benefit. Big 
Data collection is not hypothesis driven. Currently, Big Data on sedentary 
behaviours appear limited. But even if they emerge, we need to carefully think 
about how we will use them to generate useful insights. Big Data may become 
overwhelming not only because of their volume but also because of the diversity 
of data types and the speed at which they must be managed. Big Data are so large 
and complex that they are difficult (or impossible) to manage with traditional 
software and hardware; nor can they be easily managed with traditional or 
common data management tools and methods. Furthermore, the models of 
continuous data and modern computation contain too many variables and com-
plex relationships for most people to understand. 

– There is a need for novel, easy-to-understand visualization and interpretation 
tools that can be widely accessed on different platforms and which can be



designed for different applications, and for strong underpinning behaviour tax-
onomies and classification [78]. 

– Another classic Big Data science problem is extracting signals from noise. 
Ultimately, 99% of the data may be useless and would need to be discarded. 

– Big Data may hold potential to advance health risk “profiling” and enable more 
cost-effective ways to tailor health services. But as Khoury and Ioannidis put it, 
the promise of Big Data also brings the risk of “Big Error” [97]. 

– The problem is how to do research on Big Data produced by the broad popula-
tion. How can we motivate tracking companies to give access to raw data feeds? 
These companies are consumer-oriented, and the incentives for them seem 
non-existing or limited. One major challenge for Big Data and the living lab 
concept is to protect individual privacy. User concerns about surveillance, pri-
vacy, and data security will have to be taken into account. The research commu-
nity, healthcare IT experts, the commercial tracking companies, and the 
individual self-trackers will have to collaborate to make broad population data 
available to academic researchers, and the privacy impasse will have to be 
resolved. 
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To conclude, technology may allow us to solve some problems in highly original 
ways and create new incentives to promote healthy behaviours and reduce sedentary 
time. However, many pitfalls are still in place, and it is yet to prove that we can 
overcome the many difficulties, like complexity and privacy issues. 

Furthermore, Morozov argues in his work “The Folly of Technological 
Solutionism” [98] that the temptation of the digital age is to fix everything—from 
crime to corruption to pollution to obesity—by digitally quantifying, tracking, or 
gamifying behaviour. But when we change the motivations for our moral, ethical, 
and civic behaviour, we may also change the very nature of that behaviour. Tech-
nology, Morozov proposes, can be a force for improvement—but only if we keep 
solutionism in check and learn to appreciate the imperfections of liberal democracy. 
To conclude, the promise of Big Data exists, but it should not overshadow the use of 
smaller scale (e.g., survey, qualitative interview) data and experimental studies. 
Research funding is finite, and popular trends could unduly influence the allocation 
of resources to studies proposing to use Big Data. 

26.4 Conclusion 

In the next phase of research on sedentary behaviours, changes in insights and 
moving towards finding solutions are unlikely to come from a single perspective 
but more likely from a combination of approaches and increased multidisciplinary 
working. It might be necessary to let go of some ontologies, ways of working and 
methods that served us right in the past but might not be adapted to the new 
challenges we face and impede progress. Recognizing and engaging with the 
complexity of sedentary behaviours is likely to be key in the future. This requires



that we invest in developing robust and transdisciplinary models and framework for 
classification, measurement, and analysis. Combining life-course with system-based 
approaches, in a solutionist or realist mind-set while making the most of the 
opportunity given by new advance in technologies (e.g., Big Data) appears as the 
most exciting and promising avenue to be able to address the challenge of the health 
burden of an increasingly sedentary lifestyle. 
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Chapter 27 
From a Public to a Global and Planetary 
Health Perspective on Sedentary Behaviour 
Epidemiology 

Carmen Jochem and Michael F. Leitzmann 

Abstract Against the background of global environmental change including cli-
mate change and urbanization, this chapter considers sedentary behaviour epidemi-
ology from a public health, global health, and planetary health perspective. It 
describes the importance of global guidelines for sedentary behaviour, highlighting 
the global action plan on physical activity from the World Health Organization and 
discussing sedentary behaviour epidemiology in the context of the risk transition 
occurring in many low- and middle-income countries. It also provides an overview 
of the economics of sedentary behaviour. Furthermore, it highlights the role of 
sedentary behaviour in the COVID-19 pandemic as a global health challenge. 
Finally, it views sedentary behaviour from a holistic, planetary health perspective 
and portrays a vision of the potentially critical role sedentary behaviour plays for 
planetary health. 

Key Points
• Whereas sedentary behaviour is recognized as a public and global health 

concern, a planetary health perspective on sedentary behaviour is not yet 
established.

• The COVID-19 pandemic—as a global health topic—has shown that health 
behaviours such as sedentary behaviour and physical (in)activity interact 
with pandemic-related public health measures.

• Global environmental change, including climate change and urbanization, 
are interlinked with sedentary behaviour epidemiology, and sedentary 
behaviour has to be considered within these complex contexts. 
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• A planetary health perspective on sedentary behaviour adopts a holistic 
perspective on sedentary behaviour and health for well-being societies in 
the context of ecological limits. 

27.1 Introduction 

Although the prevalence of sedentary behaviour differs between countries and 
populations, sedentary behaviour is a health behaviour of global relevance. Yet 
most studies on sedentary behaviour originate from high-income countries. Many 
low- and middle-income countries are currently experiencing a risk transition char-
acterized by increasing urbanization, sedentary jobs, and sedentary modes of trans-
portation. In addition, the economics of sedentary behaviour (i.e., the economic 
burden of sedentary behaviour and the costs of interventions that reduce sedentary 
behaviour) are of great interest for public and global health. Furthermore, the 
COVID-19 pandemic—as an important global health topic—has shown that health 
behaviours such as sedentary behaviour or physical activity interact with pandemic-
related public health measures. Existing global health challenges such as COVID-19 
and climate change highlight the crucial role of environmental determinants of 
health that need to be considered from a planetary health perspective. 

27.2 From a Public to a Global (Public) Health Perspective 
on Sedentary Behaviour 

In most high-income countries, sedentary behaviour is recognized as a public health 
concern, with both high prevalence of sedentary behaviour and existing recommen-
dations to reduce sedentary behaviour (see Recommendations in Sect. 1.3). How-
ever, few studies have investigated sedentary behaviour in low- and middle-income 
countries in terms of prevalence, determinants, health impacts, and other factors. 
This section briefly explains sedentary behaviour epidemiology from a risk transition 
perspective and the corresponding role sedentary behaviour plays for low- and 
middle-income countries. In addition, a health economic perspective on sedentary 
behaviour is shown. Further, the role of COVID-19 as a global health challenge for 
sedentary behaviour will be described. Finally, the existence of global guidelines on 
sedentary behaviour provides the basis for tackling sedentary behaviour at the global 
level.
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27.2.1 Sedentary Behaviour Epidemiology and the Risk 
Transition 

In 2019, the Global Burden of Diseases, Injuries, and Risk Factors Study (GBD) 
2019 assessed the magnitude of risk factor exposure, relative risk, and attributable 
burden of disease of 87 risk factors in 204 countries and territories between 1990 and 
2019 [1]. Among the five leading risks with respect to the global burden of disease 
across all ages are metabolic risks, including high systolic blood pressure, high 
fasting plasma glucose, and high body mass index. as well as behavioural risks, 
including smoking and low birthweight. Compared to 1990, the burden of disease 
attributable to these risk factors has increased. In contrast, the attributable burden of 
disease due to environmental and occupational risks, such as unsafe water and 
unsafe sanitation decreased over time. In 2019, low levels of physical activity as a 
behavioural risk factor ranked 18th in attributable disability-adjusted life years 
(DALYs) [1]. However, sedentary behaviour was not included in the assessment 
of the GBD Study, likely because sedentary behaviour is a relatively new research 
area, the assessment of which is still insufficient at the global level and for compar-
isons across decades. 

Even though sedentary behaviour plays a smaller role than other behavioural risk 
factors, such as smoking or alcohol consumption (see Box 27.1 for a comparison 
between sitting and smoking), sedentary behaviour should not be underestimated as 
a risk factor for human health at the global scale. As shown in Chap. 2, sedentary 
behaviour is highly prevalent among Western societies, where many people live in 
urban areas in an environment characterized by passive transportation, sedentary 
jobs, and media and communication technologies that encourage a sedentary life-
style. Similarly, economic and societal transitions in low- and middle-income 
countries come along with increased urbanization and more sedentary jobs and 
societies [2]. Therefore, sedentary behaviour must be considered within the general 
risk transition (i.e., the shift in risk factors for health) from “traditional” to “modern” 
risks. However, different social and cultural perceptions of sedentary behaviour 
between countries need to be considered. For example, work-related sedentary 
behaviour or transportation-related sedentary behaviour during commuting 
(by car) may be associated with the social perception of a higher socioeconomic 
status. 

As reported by Dempsey et al. (2020), there is inequality regarding the evidence 
on sedentary behaviour between high-income countries and low- and middle-income 
countries [2]. Future research should provide high-quality data from a broad range of 
populations in low- and middle-income countries. Specifically, the role of the 
broader determinants of sedentary behaviour needs to be investigated across a 
wider range of countries. Furthermore, a global perspective that incorporates seden-
tary behaviour issues (including global surveillance data) from both high and low-
and middle-income countries is crucial.
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Box 27.1 Is Sitting the New Smoking? 
In recent years, media coverage often used headlines such as “Sitting is the 
new smoking” with regard to the high prevalence of sedentary behaviour and 
the health risks associated with high levels of sedentary behaviour. In order to 
assess the (in)comparability between sitting and smoking, Vallance et al. 
(2019) evaluated the evidence on sitting, smoking, and health [3]. This box 
briefly highlights the main findings regarding the question “Is Sitting the New 
Smoking?”. 

Sitting could be considered the new smoking because. . .

• Both sedentary behaviour and smoking are modifiable risk factors with 
adverse effects on human health.

• Both sedentary behaviour and smoking are risk factors that are highly 
prevalent in many societies and populations.

• Both sedentary behaviour and smoking are risk factors that are avoidable 
through prevention measures. 

But: sitting is not the new smoking because. . .

• The health risks related to smoking are considerably higher than the health 
risks related to sedentary behaviour.

• No single disease is attributable to such a large amount of sedentary 
behaviour as lung cancer is attributable to smoking.

• Small bouts of sitting (e.g., resting on a bench or sitting during eating) are 
not associated with adverse effects on human health, whereas there is no 
safe lower dose of tobacco consumption because the combustion of tobacco 
or tobacco smoke always contains toxic substances.

• Sedentary behaviour does not harm the health of other people, whereas 
second-hand smoke has adverse effects on the health of other people.

• Sedentary behaviour is a habit, but it does not seem to be an addictive 
behaviour, whereas smoking leads to nicotine dependence.

• The economic burden associated with sedentary behaviour appears to be 
smaller than the economic burden related to smoking. 

Smoking was described as one of the greatest global public health disasters 
of the twentieth century, and it remains among the risk factors that contribute 
to the largest burden of disease worldwide [1, 4]. Whereas smoking leads to an 
absolute risk difference of more than 2000 excess deaths from any cause per 
100,000 persons per year among the heaviest smokers compared with never 
smokers, higher compared to lower levels of sitting lead to 190 excess deaths 
per 100,000 persons per year [3]. Furthermore, the relative risks of death 
associated with smoking show that “any level of smoking increases risk of 
dying from any cause by approximately 180% versus a 25% risk increase for 
sitting” [3]. Regarding the population-attributable fraction of sitting-related 

(continued)



Box 27.1 (continued) 
all-cause mortality, sitting is responsible for approximately 3.8% of all-cause 
mortality [5]. Smoking, however, is responsible for 21% of deaths among men 
and 17% of deaths among women [6]. Based on these and other data, Vallance 
et al. (2019) conclude that “equating sitting with smoking is unwarranted, 
misleading for the public, and may serve to distort and trivialize the ongoing 
and serious risks of smoking” [3]. Thus, the correct answer to the question of 
whether sitting is the new smoking should definitely be: “no”. 
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27.2.2 A Health Economic Perspective on Sedentary 
Behaviour 

For decision-makers and policymakers that act in the field of public and global 
(public) health, a health economic perspective may add crucial information. On the 
one hand, the direct and indirect costs that are attributable to sedentary behaviour 
may be of interest to policymakers and decision-makers. On the other hand, the costs 
associated with interventions to reduce sedentary behaviour should be taken into 
account to draw informed decisions for public health. 

The Economic Burden of Sedentary Behaviour 

Whereas the economic impact of physical inactivity is relatively well studied [7], 
little research exists on the economic burden of sedentary behaviour. Existing 
research is restricted to health economic perspectives of individual countries. For 
example, Heron and colleagues assessed the direct health care costs of prolonged 
sedentary behaviour (≥6 hours/day) for the National Health Service (NHS) in the 
UK [8]. Over a one-year period (in 2016–2017), a total of £0.8 billion were 
attributable to prolonged sedentary behaviour, and that estimate included expendi-
tures on cardiovascular disease (£424 million), type 2 diabetes (£281 million), colon 
cancer (£30 million), lung cancer (£19 million), and endometrial cancer (£seven 
million). In addition to cost savings, the elimination of prolonged sedentary behav-
iour might have avoided 69,276 UK deaths in 2016 [8]. 

For future research, national and international studies are needed that investigate 
both direct and indirect costs of sedentary behaviour based on the current evidence 
regarding health outcomes associated with sedentary behaviour. In addition to direct 
costs, indirect costs that include productivity losses and the associated financial 
burden on society can be considerable. Also, additional highly prevalent diseases, 
including cancers such as breast cancer, and other conditions such as musculoskel-
etal and mental diseases, as well as further health outcomes with moderate-to-high 
evidence regarding the association between sedentary behaviour and health out-
come, such as ovarian cancer, should be taken into consideration.
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Costs of Interventions that Reduce Sedentary Behaviour 

From a global public health perspective, costs attributable to sedentary behaviour per 
se and costs associated with interventions that aim to reduce sedentary behaviour are 
of relevance. However, few studies have investigated the health economic aspects of 
sedentary behaviour. 

An umbrella review and meta-analysis by Lam and colleagues investigated the 
effectiveness and costs of interventions to reduce sedentary behaviour across all age 
groups and populations in different settings [9]. The health economic considerations 
of that umbrella review included a total of 22 studies, most of which were conducted 
on office workers (n = 7), school children (n = 6), and older adults (n = 3). Ten 
studies included multicomponent interventions, seven studies investigated physical 
environment interventions such as sit–stand workstations or treadmill desks, four 
studies examined personal behaviour interventions such as booklets and manuals, 
and one study analyzed social environment interventions. The intervention costs per 
study participant ranged from € 0 to  € 3587 due to very heterogeneous types of 
interventions. Physical environment interventions were classified as the most effec-
tive intervention category for reductions in sedentary behaviour, with intervention 
costs ranging from € 334 to € 3587 per participant. Those costs depended on the 
particular desk used, i.e., a treadmill desk produced greater costs than a sit–stand 
workstation. The costs of personal behaviour interventions (the second most effec-
tive intervention category) were between € 5 and € 57 per participant [9]. However, 
those costs refer to acquisition costs only. The authors of the umbrella review 
reference two studies with separate health economic evaluations that reported details 
on costs incurred and a cost-benefit or cost-effectiveness analysis [10, 11]. Munir 
and colleagues assessed the increase in productivity (in monetary units) and reported 
net cost savings of £1770 after the subtraction of intervention costs and costs for lost 
work time due to the implementation of the intervention [10]. The incremental cost-
effectiveness ratio (ICER) was between £8 and £17 per minute per workday 
[10]. Sevick and colleagues performed a cost-effectiveness analysis and reported 
costs of $9 and $36 for intervention groups 1 and 2, respectively, at six months of 
follow-up in terms of cost per month per hour of reduced sedentary behaviour per 
week [11]. At 24 months of follow-up, costs were $15 and $7, respectively. 

Another systematic review that investigated the economics of sedentary behav-
iour included three studies that assessed the healthcare costs associated with high 
amounts of sedentary behaviour, and six studies reported economic evaluations of 
interventions targeting sedentary behaviour [12]. In terms of the costs of illness, 
healthcare costs associated with high amounts of sedentary behaviour were substan-
tial. However, none of the studies investigated non-health sector costs. Studies 
(n = 5) that investigated the economics of interventions targeting sedentary behav-
iour of adults in office workplaces were cost-effective. The key costs were caused by 
sit-stand desks, active workstations, and other physical environment changes 
[12]. One intervention performed in children was cost-saving, and the authors 
concluded that sedentary behaviour may lead to increased healthcare costs. In



addition, and in line with the findings by Lam et al., interventions targeting sedentary 
behaviour in workplaces seem to be cost-effective. 
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For future health economic research, intervention studies should provide all 
relevant costs (including implementation and evaluation costs) to enable the calcu-
lation of total intervention costs. 

27.2.3 COVID-19: A Global Health Challenge for Sedentary 
Behaviour 

From a global health perspective, it is of interest to consider the association between 
the COVID-19-pandemic and sedentary behaviour epidemiology. As a reaction to 
the spread of COVID-19 in early 2020, many countries imposed homestay public 
health strategies (such as lockdowns) in order to decrease contacts among individ-
uals for communicable disease control. Research shows that COVID-19-related 
lockdowns had an influence on sedentary behaviour, with increasing levels of 
sedentary behaviour across all age groups [13–15]. 

Runacres and colleagues performed a systematic review and meta-analysis that 
investigated the influence of COVID-19-related lockdowns on sedentary behaviour 
and physical, mental, and social health outcomes [14]. The authors included a total 
of 64 studies (encompassing 282,202 participants) in the qualitative review, of 
which 45 studies were conducted in adults (two of those in older adults) and 19 in 
children and adolescents. The vast majority of studies had an observational or cross-
sectional design (95.2%), were based on online questionnaires (93.8%), and 
recruited from the general population (89%). Most studies were from Europe 
(n = 25), followed by studies from Asia (n = 18), North America (n = 12), South 
America (n = 8), and Africa (n = 1). Overall, time spent in sedentary behaviour 
increased by 135.0 (± 46.0) minutes per day following COVID-19-related lock-
downs. There was a statistically significant difference between children and adults, 
with higher increases in sedentary behaviour in children (+159.5 ± 142.6 minutes 
per day) than adults (+126.9 ± 42.4 minutes per day). In older adults, there was a 
non-significant increase in sedentary behaviour (+46.9 ± 22.0 minutes per day). For 
all age groups, increases in sedentary behaviour were apparent, regardless of 
COVID-19-related restrictions implemented at the time of data collection. In total, 
children spent 383.9 (± 138.2) minutes per day in sedentary behaviours. Adults and 
older adults spent 510.5 (± 167.9) and 586.3 (± 25.2) minutes per day in sedentary 
behaviours, respectively. There were no statistically significant differences by sex in 
children or adults. However, in adults, time spent in sedentary behaviours varied by 
geographic region, with adults residing in Asian countries spending less time in 
sedentary behaviours (350.7 ± 184.2 minutes per day) than adults in European 
countries (512.2 ± 225.3 minutes per day), North America (515.0 ± 146.0 minutes 
per day), and South America (530.0 ± 20.0 minutes per day). Regarding specific 
sedentary behaviours, screen time accounted for 57.2% of the total daily time spent



in sedentary behaviour in adults. In children, screen time accounted for 46.8% of the 
total daily time spent sedentary. 
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According to the systematic review by Runacres and colleagues, several studies 
investigated the associations between changes in sedentary behaviour and health 
outcomes, with quality of life as the most commonly measured health outcome, 
followed by anxiety and depression, and global mental health. The authors found 
weak but statistically significant negative correlations between COVID-19-related 
increases in sedentary behaviour and poorer quality of life (r2 = -0.05; p > 0.05) 
and global mental health (r2 =-0.10; p > 0.05). Higher compared to lower amounts 
of sedentary behaviour were more likely to track with depression and anxiety (odds 
ratio (OR) = 1.35–1.57). 

Another systematic review conducted by Rivera and colleagues investigated 
COVID-19-related changes in sedentary behaviour, specifically in undergraduate 
and graduate students during lockdowns [15]. The authors included a total of six 
studies in their systematic review (all of them were also included in the systematic 
review by Runacres et al.). Four studies reported results for undergraduate students, 
and two studies separately analyzed data for undergraduate and graduate students. 
Whereas time spent in sedentary behaviour increased in undergraduate students, 
graduate students did not show statistically significant changes in sedentary time 
during COVID-19-related lockdowns. Furthermore, the authors summarized the 
findings from studies on changes in physical activity in relation to pre-lockdown 
sedentary behaviour and showed that students who were more sedentary prior to the 
lockdown increased or did not change their levels of moderate-to-vigorous physical 
activity. However, students with lower levels of pre-lockdown sedentary behaviour 
decreased their levels of moderate-to-vigorous physical activity during COVID-19-
related lockdowns. For more information regarding sedentary behaviour during the 
COVID-19 pandemic, see Sect. 23.1.5. 

In sum, the COVID-19 pandemic affected the lives of many people—not only in 
terms of direct effects due to infection with COVID-19, but also in terms of changes 
in daily life. Altered patterns of sedentary behaviour are only one example. Due to 
COVID-19-related lockdowns, sedentary behaviour increased in many population 
groups. Although the COVID-19 pandemic is a global health challenge, it offers the 
opportunity to reconsider current patterns of sedentary behaviour and physical 
activity for the future (see Sect. 27.3) and to be prepared for future outbreaks of 
infectious diseases and other global changes that may affect human behaviour. 

27.2.4 Global Environmental Change and Sedentary 
Behaviour 

The COVID-19 pandemic is only one global health challenge that influences human 
behaviours, including sedentary behaviour. Another, and maybe “the biggest global 
health threat of the twenty-first century”, is climate change [16]. Climate change



impacts human health both directly and indirectly [17]. Heat stress, for example, 
leads to direct effects on human health such as heat-related illness—especially in 
vulnerable and disadvantaged population groups. Whereas there is increasing evi-
dence that extreme temperatures, air pollution, and natural disasters have negative 
effects on levels of physical activity [18], the association between climate change 
and sedentary behaviour is less investigated. A mini umbrella review that investi-
gated the interrelations of climate change, 24-hour movement behaviours, and health 
showed that there was no published systematic review that focused on the associa-
tions between climate change and sedentary behaviour [19]. However, a few studies 
investigated the association between certain aspects of climate change and sedentary 
behaviour. A cohort study that included 9000 students from Beijing, China, showed 
that an increase in air pollution was associated with an increase in the total number of 
weekly hours spent sedentary [20]. Another study revealed high levels of sedentary 
behaviour among children with post-traumatic stress as a result of having experi-
enced the hurricane Ike [21]. Furthermore, natural environmental factors such as 
season of the year, precipitation levels, and photoperiod are related to sedentary 
behaviour and can promote or discourage sedentariness, although the strength of the 
evidence is not yet clear [22]. Thus, the direct and indirect effects of climate change 
on sedentary behaviour and its determinants need to be investigated in more detail. 
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In addition to climate change, global environmental change encompasses further 
aspects related to sedentary behaviour, such as urbanization. There is a strong 
interrelationship between urbanization, global environmental change, and urban 
health. Currently, more than 55% of the world’s population lives in urban areas, 
and it is expected that by 2050 more than two-thirds of the world’s population will be 
living in cities, whereby most urban growth will take place in developing countries 
[23]. Therefore, it is crucial to consider factors related to the built environment, such 
as urbanization level and availability of recreational facilities [24]. An increase in 
population density is associated with reduced levels of sedentary behaviour [25]. Fur-
thermore, factors such as neighbourhood walkability, public transportation infra-
structure, street connectivity, walking and cycling facilities, and access to services 
influence sedentary behaviour [26]. For further information regarding the 
neighbourhood environment and sedentary behaviour, see Sect. 23.2.6. 

27.2.5 From National to Global Recommendations 
on Sedentary Behaviour 

As part of public health measures, many countries have published recommendations 
to reduce sedentary behaviour. For the first time, the World Health Organization 
(WHO) in 2020 incorporated recommendations on sedentary behaviour for all age 
groups and subpopulations in their Guidelines on Physical Activity and Sedentary 
Behaviour (see Sect. 1.3)  [27]. Those recommendations are of global health rele-
vance because they are applicable to population groups worldwide, irrespective of



country or region. They incorporate the most recent overall evidence regarding the 
adverse effects of prolonged sedentary behaviour and the importance of reducing 
such behaviour for human health. However, in order to achieve behavioural change 
and to improve public and global health, there is a strong need to move from 
recommendations and knowledge to action and to effectively implement guidelines 
in everyday practices. The WHO Global Action Plan on Physical Activity 
2018–2030 provides the basis for global policy action to reduce sedentary 
behaviour [28]. 
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Figure 27.1 shows a simplified representation of a public, global, and planetary 
health perspective on sedentary behaviour and sedentary behaviour epidemiology 
and existing guidelines. 

27.3 A Planetary Health Perspective on Sedentary 
Behaviour 

Planetary health is defined as “the achievement of the highest attainable standard of 
health, well-being, and equity worldwide through judicious attention to the human 
systems—political, economic, and social—that shape the future of humanity and the 
Earth’s natural systems that define the safe environmental limits within which 
humanity can flourish” [29]. In other words, “planetary health is the health of 
human civilisation and the state of the natural systems on which it depends” 
[29]. In line with the concept of planetary health, the Geneva Charter for Well-
being states “the urgency of creating sustainable well-being societies, committed to 
achieving equitable health now and for future generations without breaching eco-
logical limits” [30]. 

Whereas well-being societies are strongly interlinked with planetary health, the 
connection between planetary health, well-being societies, and sedentary behaviour 
may not be obvious at first glance. However, looking at lifestyle choices and human 
behaviour in general shows that “our lifestyle is making us ill and is destroying the 
planet” [31]. Specifically, the current scientific report of the Intergovernmental Panel 
on Climate Change (IPCC) shows that human lifestyles such as meat consumption, 
air conditioning, flying, and driving cars are among high carbon lifestyle choices on 
the rise [32]. Of course, it is not only driving cars but the transportation sector in 
general, and private motorized transportation in particular, that largely contribute to 
global greenhouse-gas emissions, energy consumption, and air pollution. Thus, 
driving a car constitutes a lose-lose option in terms of planetary health: it has 
negative effects on both the natural environment and human health. The adverse 
effects on human health, in turn, are based on local pollutant emissions and seden-
tary behaviour—risk factors that contribute to the development of various chronic 
diseases. Furthermore, the transportation sector substantially contributes to climate 
change that, in turn, affects human health.
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Although the bidirectional relationship between planetary health and sedentary 
behaviour is barely investigated, it is crucial for future research and policy actions to 
better understand sedentary behaviour from a planetary health perspective. 

27.3.1 Sedentary Behaviour and the Global Action Plan 
for a Healthier World 

The “Global action plan on physical activity 2018–2030: more active people for a 
healthier world” published by the WHO in 2018 sets out strategic objectives and 
policy actions to reduce levels of both physical inactivity and sedentary behaviour 
under consideration of the Sustainable Development Goals (SDGs) [28]. This global 
action plan applies to all countries worldwide, irrespective of their starting points 
regarding levels of physical activity and sedentary behaviour. The four objectives of 
the action plan are (1) Create active societies; (2) Create active environments; 
(3) Create active people; and (4) Create active systems. To achieve these four 
overarching objectives, the Global Action Plan recommends 20 evidence-based 
and multidimensional policy actions that can be implemented by all member states. 
Figure 27.2 shows the four objectives and 20 policy actions. Acknowledging that 
there is no single solution that fits different countries and contexts, the action plan 
offers a “system-based approach, universally applicable to all countries” [28]. The 
long-term goal for each country should be to achieve full implementation at a 
national scale. Figure 27.2 shows the existing challenges regarding sedentary behav-
iour and the four objectives and 20 policy actions proposed by the Global Action 
Plan on Physical Activity 2018–2030 for “more active [and less sedentary] people 
for a healthier world” [28]. 

27.3.2 Sedentary Behaviour and the Sustainable 
Development Goals (SDGs) 

There are multiple direct and indirect pathways by which policies to reduce seden-
tary behaviour, especially through active transportation, contribute to the achieve-
ment of several SDGs. Table 27.1 provides an overview of selected SDGs with their 
corresponding targets and the pathways that may link sedentary behaviour with 
specific targets. Reducing sedentary behaviour will directly contribute to SDG3 
(good health and well-being). Replacing sedentary behaviour (at least partly) with 
physical activity at school, at work, or during transportation are further ways towards 
achieving several SDGs. However, reducing transportation-related sedentary behav-
iour may have the strongest beneficial possibilities as a win–win strategy to mini-
mize sedentary behaviour as a risk factor for human health and to enable active 
mobility for sustainability and planetary health. Furthermore, as people spend large



amounts of their time at work, the workplace is a further domain that may be 
promising with respect to win–win strategies for public and planetary health and 
well-being societies. 
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Fig. 27.2 The current challenges with regard to sedentary behaviour and the four objectives and 
20 policy actions of the Global Action Plan on Physical Activity 2018–2030 (adapted from [insert 
Ref]). Abbreviation: SB sedentary behaviour 

27.3.3 Vision: Health-Promoting Workplaces, Active 
Transportation, and Green and Health-Promoting 
Sedentary Behaviour as Win-Win-Strategies 
for Planetary Health and Well-being Societies 

The two most promising domains that may lead to win-win situations for reductions 
in sedentary behaviour and improvements in planetary health are workplaces 
(including education) and transportation. However, sedentary behaviour per se 
should not be regarded as completely incompatible with planetary health. Recrea-
tional sedentary behaviour is necessary for the recovery of body and mind (as a 
response to sufficient physical activity). Another win-win strategy should therefore 
focus on the optimal dose and frequency of green, sustainable, and health-promoting 
sedentary behaviour.
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Table 27.1 Selected examples of sustainable development goals (SDGs) and corresponding 
targets and the pathways that may link sedentary behaviour with these targets (adapted from [28)]) 

SDG Target Pathway 

3.4 reduce one-third of premature 
mortality from NCDs through pre-
vention and treatment to promote 
mental health and Well-being 

As a risk factor for the develop-
ment of several NCDs, reducing 
levels of SB contribute to the pre-
vention and treatment of NCDs. 
Reducing SB further will reduce 
overall mortality and promote 
mental health 

3.6 halve the number of global 
deaths and injuries from road traffic 
accidents 

Reducing private motorized trans-
portation and improving infra-
structure that enables equitable 
access to safe walking, cycling, 
and use of public transportation 
contributes to a reduction in road 
traffic accidents while promoting 
increased physical activity partici-
pation and reducing 
transportation-related sedentary 
behaviour 

3.9 substantially reduce the number 
of deaths and illnesses from haz-
ardous chemicals and air, water, 
and soil pollution and 
contamination 

Replacing private motorized 
transportation (especially car use) 
by active mobility (e.g., walking 
and cycling) and public transpor-
tation decreases air pollution, 
thereby reducing the number of 
deaths and illnesses from air 
pollution 

4.A build and upgrade education 
facilities that are child, disability, 
and sex sensitive and provide safe, 
nonviolent, inclusive, and effective 
learning environments for all 

Better and effective learning envi-
ronments should allow children to 
be active instead of sedentary 
(in safe, inclusive, and accessible 
places) 

8.3 promote development-oriented 
policies that support productive 
activities, decent job creation, 
entrepreneurship, creativity, and 
innovation, and encourage the for-
malization and growth of micro-, 
small-, and medium-sized enter-
prises, including through access to 
financial services 

Reducing work-related sedentary 
behaviour (both at the workplace 
and during commuting from and to 
work) can contribute to 
development-oriented policies for 
productive activities 

8.5 achieve full and productive 
employment and decent work for 
all women and men, including for 
young people and persons with 

Reducing sedentary behaviour at 
workplaces can contribute to 
increased productivity as well as 
reduced absenteeism



disabilities, and equal pay for work
of equal value

(continued)
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Table 27.1 (continued)

SDG Target Pathway 

9.1 develop quality, reliable, sus-
tainable and resilient infrastructure, 
including regional and trans-border 
infrastructure to support economic 
development and human Well-
being with a focus on affordable 
and equitable access for all 

Sustainable infrastructure to sup-
port Well-being should include 
walking and cycling networks. 
Replacing car use by walking and 
cycling can contribute to reduced 
levels of sedentary behaviour and 
increased levels of physical activ-
ity, thereby contributing to sus-
tainable transportation and human 
Well-being 

11.2 provide access to safe, afford-
able, accessible, and sustainable 
transportation systems for all, 
improving road safety, notably by 
expanding public transportation 
with special attention to the needs 
of those in vulnerable situations, 
women, children, persons with dis-
abilities, and older persons 

Safe, affordable, accessible, and 
sustainable transportation systems 
for all should foster active trans-
portation, including cycling and 
walking, and improve public 
transportation (also in terms of 
enabling activity instead of seden-
tary behaviour) 

11.3 enhance inclusive and sus-
tainable urbanization and capacity 
for participatory, integrated, and 
sustainable human settlement plan-
ning and management in all 
countries 

Sustainable town planning policies 
tend to support physical activity, 
as people are more physically 
active and less sedentary in dense, 
inter-connected urban areas 

11.6 reduce the adverse per capita 
environmental impact of cities, 
including by paying special atten-
tion to air quality and municipal 
and other waste management 

Improved transportation infra-
structure contributes to increased 
walking, cycling and use of public 
transportation and decreased sed-
entary behaviour and automobile 
use, which in turn leads to fewer 
emissions and thereby reduces the 
adverse per capita environmental 
impact of cities 

11.7 provide universal access to 
safe, inclusive and accessible, 
green and public spaces, in partic-
ular for women and children, older 
persons, and persons with 
disabilities 

Universal and safe access to open 
green and public spaces facilitates 
the use of these spaces for physical 
activity, green exercise, and 
(green) sedentary behaviour 

11.A support economic, social, and 
environmental links between 
urban, peri-urban, and rural areas 
by strengthening national and 
regional developmental planning 

Spatial and developmental plan-
ning needs to enable participation 
in physical activity and reduce 
sedentary behaviour, e.g., through 
compact local neighbourhood 
design that increases walking and 
cycling
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Table 27.1 (continued)

SDG Target Pathway 

12.8 ensure that people everywhere 
have the relevant information and 
awareness for sustainable develop-
ment and lifestyles in harmony with 
nature 

Education for planetary health is 
necessary to access and under-
stand the relevant information 
(within the complex information 
landscape) and to make informed 
decisions for health, sustainable 
development, and lifestyles in 
harmony with nature 

13.2 integrate climate change mea-
sures into national policies, strate-
gies, and planning 

Policies, strategies, and planning 
that include both climate change 
measures and measures targeting 
physical activity and sedentary 
behaviour (e.g., reduced sedentary 
behaviour and automobile use and 
increased physical activity by 
walking and cycling) helps miti-
gate climate change and has 
co-benefits for human health 

Note: The use of the SDG icons in this table is with permission from the United Nations. The 
content of this publication has not been approved by the United Nations and does not reflect the 
views of the United Nations or its officials or member states. For further information on the United 
Nations SDGs, see https://www.un.org/sustainabledevelopment/ 

Thus, the vision of less sedentary behaviour for planetary health includes the 
following components (see Fig. 27.1): 

1. Active transportation. 

Active transportation offers a great opportunity to fight both climate change and 
sedentary behaviour. Cycling, walking, or other modes of active transportation 
instead of sitting and driving a car leads to reduced emissions (see Table 27.1) and 
thereby helps mitigate climate change. Furthermore, active modes of transportation 
replace sedentary behaviour and reduce health risks associated with sedentary 
behaviour. Therefore, a sustainable urban and rural infrastructure in line with the 
SDGs is necessary. 

2. Activity-promoting workplaces and educational settings. 

Workplaces and educational settings that enable health-promoting activity pat-
terns instead of sedentary behaviour may increase the positive effects of physical 
activity and decrease the adverse effects of sedentary behaviour on human health. 
Furthermore, knowledge regarding the co-benefits of physical activity for human 
and planetary health can be provided and acquired across all levels of education. 
Together with activity-promoting educational settings and workplaces, this knowl-
edge may lead to a planetary health literate well-being of society.

https://www.un.org/sustainabledevelopment/
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3. Green, sustainable, and health-promoting sedentary behaviour. 

There is little research on the beneficial effects of limited amounts of sedentary 
behaviour for the recovery of the body and mind. In addition, sedentary behaviour is 
often accompanied by social interaction (e.g., during meals) that may positively 
influence human health. Thus, the vision of less sedentary behaviour for planetary 
health encompasses the “right” amount of sedentary behaviour that is beneficial for 
human health and relates to settings and contexts where sedentary behaviour may be 
in line with planetary health. For example, sitting on a bench in a green urban space 
or on a tree trunk in the forest can be considered green and sustainable sedentary 
behaviour (compared to sitting while driving a car). However, the health effects of 
such green and sustainable sedentary behaviour are not yet investigated and could be 
addressed in the context of the emerging research area around green exercise [33]. 

This vision and its main components bear great potential for several outcomes. 
Less sedentary behaviour and increased physical activity leads to improved health of 
individuals and populations, thus improving public and global health. They enable 
lifestyles in harmony with nature, thus improving planetary health. Furthermore, 
they positively contribute to well-being societies. 

27.3.4 Challenges for Reducing Sedentary Behaviour 
for Planetary Health 

It has to be acknowledged that the above-mentioned vision needs to be investigated 
in more detail. The scientific evidence base that already exists for the adverse health 
effects of excessive sedentary behaviour and the negative environmental impact of 
car use is often restricted to its corresponding research sector (i.e., sedentary 
behaviour research or transportation research). This separation of research areas is 
reflected by separately acting policy sectors. As suggested by the WHO Global 
Action Plan for Physical Activity, there is a need for a whole-of-government 
approach that uses cross-sectoral synergies. 

Furthermore, there is a need to move from knowledge to action because large-
scale political and societal actions are urgently required for the civilizational turn 
towards planetary health. The broader planetary health challenges, i.e., knowledge, 
imagination, and implementation challenges [29], also apply to sedentary behaviour 
in the context of planetary health. 

Addressing these challenges will make it necessary to address commercial deter-
minants that influence sedentary behaviour. Specifically, the role of the automobile 
industry in policy decisions should be investigated in more detail. Furthermore, the 
sociocultural and socioeconomic determinants of sedentary behaviour need to be 
addressed in order to achieve a planetary health vision of sedentary behaviour. Here, 
the role of habits may be crucial, and the potential of educational systems that 
promote physical activity instead of sedentary behaviour should be considered.
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Taken together, broadening the current sedentary behaviour research perspective 
from public and global health to a holistic planetary health approach will create 
several new research questions regarding sedentary behaviour. 

27.4 Summary 

Facing the high prevalence of sedentary behaviour in the context of global environ-
mental change, this chapter considers sedentary behaviour epidemiology from a 
public, global, and planetary health perspective. The chapter provides a global 
(public) health perspective on sedentary behaviour, with a focus on the economics 
of sedentary behaviour and on COVID-19 as a global health challenge and its 
relation to sedentary behaviour. Furthermore, sedentary behaviour is considered 
from a holistic, planetary health perspective. This chapter presents a vision of the 
potential role of sedentary behaviour for planetary health and well-being societies. 
Future research on the complex interrelatedness between sedentary behaviour and 
planetary health is necessary. 
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Chapter 28 
Ergonomic Support for Physiologically 
Correct Sitting 

Joachim Grifka 

Abstract The need to work from home due to the COVID-19 pandemic led to 
numerous musculoskeletal conditions, especially those of the spine. Whereas insti-
tutions typically provide employees with specially equipped computer workstations, 
working from home potentially lacks adequate ergonomic support for physiologi-
cally correct sitting. Studies revealed excessive strain to the spine resulting from 
incorrect sitting. In order to address this issue, we recommend improvements to 
office equipment, particularly to the backrest of the chair. Whereas the usual contour 
of a conventional backrest induces lumbar hyperlordosis leading to unhealthy 
anatomical stress, we recommend the introduction of thoracic support with specially 
positioned pads. 

Key Points
• The COVID-19 pandemic led to significant changes with enforced working 

from home, adding to already existing health problems resulting from 
excessive sedentary behaviour, especially spinal diseases.

• Guidelines for setting up computer workstations in institutions must be 
applied to working from home circumstances.

• Recommendations for bodily movement and improving home office equip-
ment are made.

• Results of our research suggest that chairs with a thoracic pad provide 
improved support, thereby avoiding lumbar hyperlordosis.

• An ergonomic solution is provided for a complete home office station, 
which ensures physiologically correct chair and desk positioning, namely 
with a standing desk, adequate lighting, and safety measures. 
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28.1 Orthopaedic Problems Due to Unhealthy Workplaces 

Early studies revealed that poor ergonomics in the workplace, including working 
from home, may adversely affect musculoskeletal health [1], but even large reviews 
fail to provide biomechanical considerations or practical advice for physiologically 
correct sitting [2]. Some reports acknowledge a deterioration of ergonomic condi-
tions but do not provide potential solutions [3] or describe the unfavourable ergo-
nomic status quo and propose more appropriate desks and chairs but do not follow 
agreed-upon prerequisites [4]. Individual studies report that creating ergonomic 
working conditions reduces muscle tenseness [5, 6] and that improvements in 
chair design tend to decrease musculoskeletal symptoms [7]. However, a Cochrane 
review of 15 RCTs and 2165 workers showed inconsistent, low, or very low 
evidence that an arm support, a computer mouse, or taking breaks resulted in 
reduced musculoskeletal disorders of the neck, right shoulder, upper arm, right 
forearm, wrist, or hand. Further, the use of sit-to-stand desks showed no positive 
effect on upper limb pain and discomfort [8]. These findings highlight the need to 
more closely examine the biomechanical load and non-physiological positioning of 
the body during sitting. 

In the past, epicondylitis presented as a disease typically arising from excessive 
use of a typewriter. With computer use, that condition has completely disappeared. 
Also, one no longer finds tendinitis or other forms of inflammation as a result of 
strenuous finger movement against the resistance of typewriter keys. Instead, one 
now frequently encounters the so-called repetitive strain injury, which is the result of 
continuous enforced tension of the extensor muscles due to constant overload when 
holding the forearms in a horizontal position. Tenseness can reach up to the neck 
and head. 

As early as 2007, a survey of 1000 employees doing computer work showed that 
54% of respondents experienced neck pain within 12 months of having commenced 
work [9]. As people have progressively been turning to home offices in recent years, 
the number of outpatients with neck complaints in our clinic increased by about 
40%. Complaints typically include head and neck pain, problems of the cervical 
spine, including disc protrusions and extrusions, increased severe muscle tension, 
and nerve disorders of the arm. This is not surprising given the circumstances under 
which working on a computer often takes place at home. Frequently, there is no 
proper place to work: the laptop is often simply placed on the lap or on a coffee table, 
an appropriate office chair is lacking, and there is no space to place documents like 
when working at a desk. 

In line with the increasing number of patients complaining about neck pain due to 
computer work, we observed an increased number of patients with lower back pain. 
Similarly, a cross-sectional study of 528 office workers found that 55% of respon-
dents complained about lower back pain, with females suffering more than males 
[10]. Figures nearly doubled during the first year of the COVID-19 pandemic. A 
cross-sectional survey of 4112 people working from home during COVID-19 
suggested that disproportionate office equipment was related to musculoskeletal



problems, independent of age [11]. Thus, there is a need to more closely examine 
non-physiological sitting equipment, including modern desk chairs. 
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28.2 Orthopaedic Reflections 

From an orthopaedic point of view, people should aim to achieve a healthy sitting 
position, keep the muscles active, counteract fatigue, and prevent pain and discom-
fort. It is generally accepted that children should not sit in the same bodily position 
for too long. However, they are taught to sit quietly at nursery school. When 
travelling in vehicles, they sit in child car seats for safety reasons. At school, they 
need to sit for hours and, moreover, most of them spend several hours on their 
computers or mobile devices, again in a seated position. Finally, upon completing 
their education, many people start working in an office, once more being forced to sit 
most of the time. This puts the body under excessive stress. Ideally, people should 
move around and not sit constantly, alternating regularly between sitting and moving 
or standing, and when sitting, this should take place in a physiologically correct 
posture. 

In general, one can distinguish between two unfavourable ergonomic scenarios: 
inappropriate office equipment and appropriate office equipment used incorrectly. 
Using a conventional office chair to sit at a desk leads to slumping of the upper body. 
The shoulders are bent forward, and the thoracic spine is curved to a kyphosis 
(exaggerated forward rounding), hampering the expansion of the thorax and lungs. 
The back muscles are overstretched, whereas the chest muscles are shortened or even 
contracted. If such sitting is combined with working on a monitor, the head is raised 
to look at the screen. This gives rise to hyperlordosis (exaggerated inward curve) of 
the cervical spine, which can cause increased muscle tension in the neck and 
shoulders. Over time, hyperlordosis of the cervical spine can result in spinal lesions, 
with disc protrusions and extrusions and even nerve compression. In addition, 
traditional lumbar pads induce forward tilting of the pelvis, producing hyperlordosis 
of the lumbar spine. Thus, from an orthopaedic perspective, using inappropriate 
office equipment or using appropriate office equipment incorrectly causes two 
adverse postural conditions adversely affecting the spine, namely, enforced lordosis 
of the cervical spine and enforced lordosis of the lumbar spine. 

Figure 28.1 illustrates the consequences of lordosis in the cervical and lumbar 
spine. When the spine is straight, the dorsal bony structures (facet joints) are not in 
contact with one another, and the opening through which the nerve root leaves the 
spinal canal (foramen intervertebrale) is wide. The opposite occurs when the spine is 
lordotic: the facet joints are pressed together, and the foramen is narrow. This may 
lead to pain in the area where the facets are compressed and to referred pain along the 
course of the nerve to the arm or leg. In lumbar spinal stenosis, a narrowing of the 
spinal canal common among people over aged 50 years, lordotic bending leads to



spinal cord or nerve compression, causing numbness and dysaesthesia of the limbs. 
On the other hand, straightening the spine and avoiding lordosis provides space for 
the spinal cord and nerve roots. This explains the need to avoid lumbar pads and 
slumping of the thoracic spine leading to cervical hyperlordosis (Fig. 28.2). 

796 J. Grifka

Fig. 28.1 Comparison between lordosis (left) and straight spine (right). Left: Compression of facet 
joints and spinal processus with a narrowing of the intervertebral foramen and enforced load on the 
dorsal disc. Right: Relief of the facet joints and spinal processus with enlargement of the 
intervertebral foramen and relief of the dorsal disc 

Fig. 28.2 Typical side view 
of enforced lumbar lordosis 
leading to unfavourable 
static load
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28.3 Requirements for Seats 

In general, one can distinguish between seats in a vehicle, seats for relaxing at home, 
and seats for working at a desk. A seat in a vehicle needs to accommodate bodily 
reactions due to speed and changes in direction while driving. Whereas the seats of 
train drivers or pilots normally do not need to be adapted to quick changes of 
direction, drivers’ seats in cars, trucks, etc., need to match lateral forces. For high-
speed vehicles, driver stability is paramount, the extreme case being racing cars. 
They are built to accelerate quickly, with strong lateral forces coming into play when 
negotiating bends. In such situations, the body needs to be restrained to resist the 
different forces using a customized seat shell that exactly matches the body size. The 
torso of the driver needs to be kept in a fixed position so that they can react with free 
momentum. Specifically, the torso is tilted slightly backwards, the knees are slightly 
bent, and no movement of the pelvis or trunk takes place (Fig. 28.3). 

Seats in ordinary cars used for daily travel permit more freedom of movement 
than racing car seats, but in principle, the seat follows the same principle of keeping 
the body stable while the driver can respond to the effects of the speed and 
movement of the vehicle. Ordinary cars typically lack individual seat shells, but

Fig. 28.3 Formula 1 seat, 
which represented merely a 
shell and belonged to world 
champion Michael 
Schumacher



they do include various elements of lateral support for the torso and support for the 
thighs, which are normally adjustable to individual preference, with up to 14 small 
devices mounted for such adjustments, adding additional weight to the vehicle 
(Figs. 28.4, 28.5 and 28.6).
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Fig. 28.4 a + b Development of car seats: Goggomobil with basic seats 

Fig. 28.5 Upper class luxury seats 

In electric vehicles, the weight of the seat needs to be substantially reduced. 
Therefore, the seat is much thinner, and it needs to be adjustable using fewer 
mechanisms to reduce weight and extend the vehicle’s range (Fig. 28.7). 

In the 1970s, RECARO developed a seat with lumbar support, enforcing lordosis 
of the lumbar spine. The seat was similar to that of racing cars and was subsequently 
introduced to passenger vehicles. Ever since, passenger car seats include pads down 
low on the backrest that tilt the pelvis forward and produce enforced lordosis. In 
contrast to the original, rather bulky RECARO seat, subsequent research led to the 
development of an ultra-light seat that meets the physiological demands of correct



positioning of the spine and avoids anterior pelvis tilt and lumbar lordosis. More-
over, it provides additional useful features, making it an excellent seat for extended 
use by professional drivers. For use in delivery trucks for short distances, the seat is 
fixed in a rotational frame (Fig. 28.8). 
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Fig. 28.6 Thin seat shells for an e-car 

28.4 Conditions for an Office Chair 

Office chairs vary widely. Most can rotate between the leg frame and the seat plate. 
The lower part of the chair can consist of a four-legged stand or an underframe of 
five castors. The chair itself can exhibit more or less elaborate seat plates and 
backrests. These can be basic, or they can follow the body contour, with a rounding 
on the front edge of the seat and curvatures on the backrest. They typically include a 
lumbar pad, which increases anterior pelvic tilt and lumbar lordosis. Armrests are 
helpful to maintain a stable arm position, for example, when typing, because they 
help minimize continuous muscular action required to hold the forearms in a 
horizontal position. Headrests are not normally used when working at a desk and 
therefore represent a more symbolic addition to an office chair.
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Fig. 28.7 The first vehicle 
seat with lordotic support: 
Recaro Orthopäd 

In an increasing number of chair models, the coupling between the leg frame and 
the seat plate has both the ability to rotate and to be flexible for sideward inclination. 
This tilts the seat plate sideways when the seated person shifts their weight to one 
side. Such sideward tilting is minimal but induces the muscular activity of the body 
core, such that static sitting is transformed into dynamic sitting. Dynamic sitting is an 
effective method to counteract muscle fatigue, and it helps train muscles to keep the 
torso upright. In a systematic study amongst 74 office workers, we showed that a 
slightly flexible buttock plate reduced impairments due to back pain, as evidenced by 
an approximately 50% improvement in the Oswestry Disability Index [12], a tool for 
assessing functional status in patients with low back pain. Dynamic sitting is distinct 
from other approaches that fail to address important ergonomic and orthopaedic 
requirements for healthy sitting, such as stationary bicycles integrated in desk 
workspaces. 

28.5 Thoracic Support for Correct Vertebral Positioning 

The problem of lordosis of the lumbar and cervical spine, induced by a lumbar pad 
and due to slumping of the body, can be solved by introducing thoracic support. This 
allows for a straight lumbar spine with adequate space for the nerve roots in the 
spinal canal and nerves passing through the foramina. Moreover, it provides support



for the back and prevents the body from slumping, the latter of which leads to 
cervical lordosis. 
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Fig. 28.8 Ultra-light 
vehicle seat with integrated 
thoracic support 

For a vehicle seat, we integrated thoracic support using a V-shaped pad that can 
take the load while ensuring a comfortable sitting position and allowing the driver to 
lean back, thereby remaining in continuous contact with the backrest. The V-shape 
ensures that the pad has an appropriate size for persons of different body lengths. 

Whereas a fixed position is required for thoracic support in a car seat, flexible 
support is needed when it comes to office chairs. To enable the body to move freely, 
the thoracic pads need to give way when bending to the side or slightly turning the 
body. This is achieved by the thoracic pads either being anchored at one or two 
points to allow flexibility of the pads or by separate pads being arranged for the right 
and left body halves. The pads need to be height-adjustable to provide support to the 
lower thoracic area according to body length (Figs. 28.9, 28.10 and 28.11).
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Fig. 28.9 Arrangement of thoracic pads with individual adjustments in height and width 

28.6 Specific Requirements and Solutions for a Home 
Office Unit 

The COVID-19 pandemic fundamentally changed the way people conduct office 
work and attend meetings. The need to keep a safe distance and avoid personal 
contact led to an abrupt need for more home office space. Following the widespread 
introduction of home office circumstances, the work sphere entered employees’ 
personal living space. Because housing tends to be expensive in urban areas, most 
people lacked access to a dedicated home office and needed to make due with the 
limited space they had. Many people were unable to install a home office desk and 
position a monitor in an appropriate way and thus were faced with the so-called 
“kitchen meetings”, placing their laptops on the kitchen table, on the sofa, or simply 
on their laps. Workplace regulations existing in some countries could not be 
followed in home office settings, even though institutions remained accountable 
for providing their employees with appropriate work environments and were man-
dated to compensate for absenteeism resulting from work-related illnesses or 
disorders. 

In major cities, the so-called “third places” were introduced (first place: home 
environment; second place: work environment). Whereas originally, a third place 
represented a neighborhood space for people to gather, talk, and interact [3], today’s 
third place refers to a specifically arranged work environment that avoids the 
challenges of working from home. For example, WeWork is a privately held 
company that rents communal or co-working office space for short-term use. Sim-
ilarly, hotels facing financial losses as a result of COVID-related travel restrictions 
began offering rooms for use as quiet, individual work spaces, although those spaces 
merely consisted of a small desk in a room originally designed for spending the 
night. 

A study published by the University of Darmstadt reported that 7% of employees 
in Germany were open to considering alternative workspaces to the traditional office 
and the home office [4]. In addition, co-working space tends to spawn positive



effects on traditional working environments such that today, corporations provide 
superior working environments for office employees. Appropriate working condi-
tions are also highly relevant to the home office. Moreover, people currently tend to 
have longer working lives, and elderly office workers need ergonomically adequate 
home office environments to avoid the risk of developing degenerative musculo-
skeletal conditions. 
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Fig. 28.10 Ergonomic 
study of a multifunctional 
seat with adjustable thoracic 
pads providing thoracic 
support
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Fig. 28.11 Office chair 
with thoracic pads that can 
be adjusted to individual 
needs 

28.7 Ergonomic Parameters for Computer Work Space 

Over the past hundred years, there have been significant changes in office furniture 
design. Not all those modifications are beneficial to musculoskeletal health. For 
example, schools used to feature desks with slanted tabletops, whereas nowadays 
schools use flat tabletops. Today, we recognize that a flat tabletop makes the body 
bend forward and curves the spine, whereas a slight tabletop slope of about 
15 degrees ensures a more physiologic positioning of the spine and proper desk 
posture. Thus, in some ways, school furniture used to have superior design compared 
to today (Figs. 28.12 and 28.13). 

Certain fundamental parameters for correct ergonomic chair, desk, and monitor 
arrangement must be fulfilled in our daily routine to meet human physiological needs 
and protect our health. Among these is the so-called three-level placement, where the 
feet, thighs, and forearms should all be oriented in a horizontal plane. The seat has 
the right height when the feet are placed flat on the ground with the thighs in a 
horizontal position. The desk should be positioned slightly lower than the forearms 
so that they need not be elevated when the fingers are placed on the keyboard, but 
rather, can remain in a resting position without muscle activation. This avoids 
repetitive strain injury of the extensor muscles of the lower arm. The front edge of
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Fig. 28.12 School desk 
more than 100 years old, 
fulfilling ergonomic 
requirements 

Fig. 28.13 Left panel: tilted desktop for upright sitting. Right panel: positioning of the screen to 
keep the head slightly flexed



the seat should leave about a hand’s width space to the hollow of the knees. The top 
of the monitor should be positioned a little lower than the eyes so that the head is 
slightly flexed. This avoids having to look up and provoking increased lordosis of 
the cervical spine. The distance between the eyes and the screen should be about 
50 cm, depending on screen size. To perform paperwork, the tabletop should be 
tilted about 10 to 15 degrees [13]. The lighting of the table area should be at least 
500 lux [14].
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In addition, it is advisable to use a standing desk to allow changes in body 
position throughout the work day. This can be organized by elevating the regular 
desk or, better still, using a dedicated standing desk for all office activities that can be 
done standing. When standing, it is important to refrain from simply placing both 
feet flat on the ground, because such a body position enforces lumbar lordosis. 
Rather, the standing desk should include a footrest allowing one foot to be posi-
tioned slightly higher than the other, which avoids exaggerated inward curving of the 
lumbar spine. Using a footrest in this manner, people can learn to become aware of 
what a normally aligned lower back feels like [13]. 

According to a US study, the cost–benefit ratio for ergonomic improvements 
ranges between US$ 2.3 and US$ 5.9 for each dollar spent [15]. On average, 
productivity improves by 25%, and loss of productivity decreases by 75% [16]. 

28.8 Specific Requirements and Solutions for a Home 
Office Unit 

Home office work not only requires IT support but must also follow specific 
ergonomic considerations. We developed a home office unit with the aim of creating 
an arrangement that fulfils ergonomic requirements by not only individually focus-
ing on a chair or desk but providing a comprehensive environment for an individual 
working pod or co-working space. Three models were developed to serve individual 
needs. The first model is a basic version that can be used as a mobile office terminal 
(Fig. 28.14). 

The second model is a unit integrated into a closet, whereas the third model 
additionally contains all items necessary for a healthy work space that can be 
completely closed and locked to guarantee data protection (Fig. 28.15). 

The complete unit consists of a portable closet with a height-adjustable desk with 
optional slope. A shelf helps store items as large as folders. It has space for a 
computer with a monitor, and it supplies optimal lighting. The doors can be opened 
180 degrees, and they contain further elements for ergonomic working, including a 
foldable, stable standing desk with a footrest (Fig. 28.16). 

The chair plays an important role in this office unit. In model 3, a chair with all the 
necessary features needed for healthy sitting is integrated into the unit. The chair is 
attached to the frame of the mobile closet. It can be pulled out from the stowed 
position. The backrest has a frame that can be lowered such that it can be positioned



under the desk. The heights and widths of the thoracic pads attached to the Y-shaped 
back frame are individually adjustable. The unit enables long periods of focused 
computer work under ideal ergonomic conditions, and it fulfills all safety require-
ments, including data protection. Lack of a suitable work environment has been 
shown to represent one of the top adverse health stressors [17], highlighting the 
importance of reducing occupational stress in the home office setting. 
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Fig. 28.14 Basic mobile 
office terminal 

28.9 Advantages of Desk Sharing, Mobile Working, 
and Working from Home 

The COVID-19 pandemic has changed peoples’ attitudes towards new types of desk 
work. Digitalization affects our daily routine in many ways. Employees, especially 
young and middle-aged desk workers, are accustomed to digital communication and 
work. The traditional mindset of attempting to get everyone physically “on board” in 
the office setting is outdated. Indeed, studies have shown the benefits of working 
from home. Positive effects include, for example, that family life is better supported 
when one partner has more time for children, the partner, or a family member in need



of care. Such flexibility allows for an improved work-life balance [18]. According to 
an estimate from Germany, 80% of time saved by not having to commute on a daily 
basis is spent as additional time with family [19]. 
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Fig. 28.15 Schematic diagram of models 2 and 3 with back friendly, adjustable seat and movable 
thoracic pads 

Fig. 28.16 Hybrid office terminal (model 3), which features a height adjustable and tiltable 
desktop, a foldable desk serving as a large working area with additional space, a footrest, and an 
integrated seat 

Working from home also generates numerous advantages for businesses. Com-
panies save on rental space and fixed costs, including office furniture, housekeeping, 
sanitary expenses, electricity, heating, and wear and tear. In addition, working from 
home opens the labor market to employees who prefer more freedom in determining



the times they work [19]. However, home office also bears the risk of working 
overtime if it is not accompanied by self-responsible time management. In the future, 
we expect office work to continue to be newly defined. 
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In the 1990s, the concept of New Ways of Working was introduced for digitali-
zation, offering flexible work time and local independence [20]. Traditional office-
based work will continue to shift to desk sharing, mobile working, and mostly 
working from home. Before the COVID-19 pandemic in 2018 and 2019, only 
8.6% of office employees in Germany worked from home [21], and only 26% of 
companies conceived offering staff the option to work from home [22]. The pan-
demic subsequently led to a rapid transformation from office-based work to working 
from home. For example, a survey conducted in Germany during the pandemic in 
March 2020 showed that office work was reduced to a core team physically present 
at the office, with 43% of 1595 employees working at least partly from home 
[23]. During the lockdown in Germany, 10,5 million employees reportedly worked 
exclusively from home, and 8,3 million employees worked partially from home 
[24]. One study showed that office workers claimed spending 54–57% of their time 
working from home, corresponding to two to three days per week [4]. According to a 
survey, 68% of all interviewed employees were positive that they could fulfill their 
tasks at home [23]. Working from home on a regular basis also represents a step 
towards reducing greenhouse gas emissions. A systematic review reported that time 
flexibility and reduction of carbon emissions and air pollution correspond to about 
30% of overall perceived advantages of teleworking [25]. Mark Zuckerberg predicts 
that in 10 years’ time, half of Facebook’s employees will be working from home and 
that, in general, 20% of all employees will constantly be working from home. Others 
predict that in the future, institutions will offer a larger number of employees the 
possibility of working from home [26]. 
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Chapter 29 
Limitations in Sedentary Behaviour 
Research and Future Research Needs 

Daniela Schmid, Carmen Jochem, and Michael F. Leitzmann 

Abstract This chapter discusses limitations and uncertainties in sedentary behav-
iour research and briefly presents future research needs in the field. These include but 
are not limited to better understanding the association between sedentary behaviour 
and health, increasing the validity and reliability of measuring sedentary behaviour, 
more clearly identifying the determinants and correlates of sedentary behaviour, 
devising appropriate interventions to reduce sedentary behaviour, and effectively 
translating research findings aimed at decreasing extended periods of sitting into 
practice. Specifically, there is a need for prospective studies using objective mea-
sures of sedentary behaviour and sophisticated statistical methods to determine how 
long people should maximally sit per day and how often they should interrupt their 
daily sitting to prevent the harmful effects of prolonged sitting. The combined use of 
self-report and accelerometer-derived measures is needed to enhance the validity and 
comprehensiveness of existing sedentary behaviour assessments. Future studies 
should also expand their exposure assessments to include sedentary behaviours in 
the transportation and household domains. To formulate personalized disease pre-
vention strategies, enhanced research efforts are needed for certain population sub-
groups, such as persons with chronic diseases or disabilities, overweight/obese 
individuals, children and youth, the elderly, socially disadvantaged individuals, 
and ethnic minorities. In addition, additional mechanistic and experimental work is 
required to identify the etiologic pathways through which sedentary behaviour 
impacts upon the etiology of chronic diseases. 
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What Is New?
• Although considerable progress has been made in sedentary behaviour 

research over the past decade, a number of uncertainties and limitations 
remain that are related to methodology, scientific evidence for an associa-
tion with health-related outcomes, influential factors, effective interven-
tions, and their successful transition to practise.

• Applying more advanced analytical methods such as target trial emulation 
might be a useful approach to causal inference from observational data.

• While previous research has focused on the general population, develop-
ment and evaluation of effective sedentary behaviour interventions among 
population subgroups and in different settings, such as the workplace or 
school, is a research priority.

• Further study addressing cultural and social factors within and between 
countries is desired to investigate variation by culture, social disadvantage, 
and inequality. 

Mounting epidemiologic evidence suggests that sitting for long periods of time 
poses risk for developing chronic diseases and pre-term death [1]. Although consid-
erable progress has been made in sedentary behaviour research over the past years, 
numerous uncertainties and limitations remain that require further attention. Evi-
dence linking sedentary behaviour to health-related outcomes largely bears on 
observational studies, which do not allow interpretation of causal relationships. 
Applying more advanced analytical methods such as target trial emulation might 
be a useful approach to causal inference from observational data. Confirmatory 
evidence from intervention and experimental studies is sparse. Understanding the 
underlying biologic mechanisms and identifying factors that influence sedentary 
behaviour is crucial to further our knowledge about the role of sedentary behaviour 
in disease prevention and to devise appropriate public health guidelines. Addition-
ally, investigation of other potential influencing or mediating factors such as eating 
behaviour, sleep, or smoking is essential to infer independent associations. Further 
under-researched areas include different settings, social determinants, and inequality 
in relation to sedentary behaviours, and research on how effective intervention 
programmes can be introduced to different populations. 

Research in the field of sedentary behaviour epidemiology describes a dynamic 
process continuously creating new knowledge about the influence of sedentary 
behaviour on health. Although we believe that the available scientific evidence 
base is sufficient to explain a pivotal role of prolonged sedentary time for the 
development of chronic diseases, knowledge in this relatively new research disci-
pline needs to further grow to facilitate effective public health interventions. A 
number of public health organisations expanded their physical activity guidelines 
to recommend avoiding sedentary behaviour, which is an important step in thwarting 
the rapid increase in a sedentary lifestyle (see Sect. 1.3). However, the available 
scientific evidence base does not allow specific recommendations beyond broad



formulations to “reduce sedentary time” or to “break up prolonged sitting time 
frequently”. 
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Briefly worded, there is a line of inquiry that needs to be resolved before we can 
take the next step in informing effective disease prevention strategies. In the 
following section, we will discuss limitations and uncertainties in sedentary 
research, followed by a presentation of future research needs in this field. We will 
use the behavioural epidemiology framework proposed by Sallis et al. [2], which 
specifies a sequence of five research phases regarding health-related behaviours. 
These five phases are i) establishing relationships between the behaviour and health 
outcomes; ii) developing behaviour measures; iii) identifying influences on the 
behaviour; iv) evaluating interventions to impact the behaviour; and v) translating 
findings into practice [2]. This framework was recently adapted to sedentary behav-
iour epidemiology [3]. For further detail on the behavioural epidemiology frame-
work, please refer to Chap. 15. 

29.1 What Do We Know About the Relationship Between 
Sedentary Behaviour and Health-Related Outcomes? 

A large proportion of studies reporting on harmful associations of prolonged time 
spent sedentary with disease outcomes and mortality argue that sedentary behaviour 
independently affects health [4]. That conclusion is primarily based on studies that 
showed consistent findings from models that were adjusted for physical activity and 
those that were not adjusted for physical activity. The method of comparing adjusted 
and unadjusted effect estimates, however, represents a rather crude approach to 
exploring independent effects. Numerous prospective studies investigating the 
joint effects of sedentary behaviour and moderate-to-vigorous physical activity 
(MVPA) on mortality risk [5–11] presented inconsistent findings. A previous 
harmonised meta-analysis [12] of self-reported data investigating joint associations 
between sedentary behaviour and physical activity revealed that one hour of mod-
erate physical activity spread over the day was sufficient to oppose the adverse effect 
of sitting for more than eight hours. In contrast, the detrimental association of sitting 
with mortality persisted for television (TV) viewing, regardless of physical activity 
level [12]. Combining accelerometer-based sedentary behaviour data with physical 
activity data revealed that high amounts of sedentary time (>10.7 hours per day) 
were associated with a higher risk of mortality, particularly among those with low or 
very low levels of MVPA. Among active individuals accumulating 30–40 minutes 
of MVPA per day, the association of high sedentary time with mortality risk was not 
significantly different from those with low amounts of sedentary time [13]. 

Recent evidence summarized by an international group of public health scientists 
and practitioners to guide the new World Health Organization (WHO) guidelines on 
physical activity and sedentary behaviour indicates that sedentary behaviour 
increases the risk for all-cause, cardiovascular disease (CVD) and cancer mortality,



as well as the incidence of CVD, cancer, and type 2 diabetes at moderate certainty 
evidence [1]. The associations remained after adjustment for potential confounding 
variables and may vary by level of MVPA. Further, modest evidence was considered 
for non-linear dose-response relations of sedentary behaviour with all-cause, CVD, 
and cancer mortality, with specific thresholds for the sedentary time being likely to 
vary across health outcomes, by levels of MVPA, and among population subgroups. 
Insufficient or low-certainty systematic review evidence has been concluded on the 
type or domain of sedentary behaviour, or the frequency and duration of bouts or 
breaks in sedentary behaviour [1]. 
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Previous studies employed isotemporal substitution models to explore the effect 
of substituting time spent in one activity behaviour for the same amount of time 
spent in another activity behaviour [14]. That approach may help guide people in 
optimising their daily activity behaviour aimed at replacing sedentary time with 
ambulatory movement [14]. For example, using accelerometer data from the 
National Health and Nutrition Examination Survey (NHANES) 2003–3006, Schmid 
et al. found that replacing 30 minutes per day of objectively measured sedentary time 
with an equal amount of light activity or MVPA was associated with 14% and 50% 
reduced risks of all-cause mortality, respectively [15]. Recent substitution analyses 
of the NHANES 2003–2006 [16] and Whitehall II epidemiological cohorts [17] 
further indicated that re-allocations of sedentary time to MVPA were associated with 
improved circulating levels of triglycerides [16, 17], high-density lipoprotein 
(HDL)-cholesterol [16, 17], insulin [16], homeostasis model assessment of insulin 
sensitivity [16], and adiposity [17]. A novel statistical avenue in sedentary behaviour 
research includes compositional data analysis, which enables comprehensive inves-
tigation of the proportional distributions of daily time spent in sedentary behaviour 
and other activities in relation to health outcomes [18]. Future studies are needed to 
resolve whether and to what extent physical activity can alleviate the deleterious 
health consequences associated with prolonged sitting time. Clearly, sedentary 
behaviour and physical activity describe distinct behaviours, yet both represent 
co-dependent elements of daily energy expenditure during a finite number of waking 
hours, that is, spending time in one activity behaviour ultimately replaces time spent 
in another activity behaviour. 

It is worth noting that previous studies largely relied on self-reported measures of 
sedentary behaviour, which are prone to measurement error resulting from recall and 
reporting biases and thus, likely under- or overestimated the true effect of sedentary 
behaviour on health-related outcomes. As such, future studies using objective 
measures of sedentary time are desirable to confirm findings from previous reports. 

Few observational studies used pooled analyses or harmonised meta-analyses to 
address questions related to sedentary behaviours and health-related outcomes. 
Meta-analyses using harmonised data or pooled analyses may be more economical 
and may provide a more sophisticated approach to answering research questions 
more precisely with greater internal and external validity than that of an individual 
study. 

Likewise, the identification of causal links in observational data remains 
unresolved. To address this limitation, more sophisticated analytic methods are



now available. For example, as randomised controlled trials that may answer causal 
questions are often not feasible, ethical, or timely, target trial emulation can be 
regarded as an attempt at establishing causal inference from observational studies 
[19]. Further methods include g formula methods and marginal structural models 
that can be used to quantify time-varying exposures in the presence of time-varying 
confounding factors [20, 21]. The Mendelian randomization method enables the 
estimation of causal associations in observational studies using genetic variants [22]. 
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While the vast majority of sedentary behaviour research has focused on the 
general population, little is known about whether sedentary behaviour differently 
impacts upon health among population subgroups. Persons with chronic diseases or 
disabilities, overweight/obese individuals, the elderly, socially disadvantaged indi-
viduals, and ethnic minorities are at increased risk of exposure to high volumes of 
sedentary behaviour and may face several barriers to overcome physical inactivity. 
Thus, enhanced research in population subgroups represents an important step 
forward in devising personalised disease prevention interventions. 

Another avenue in sedentary behaviour research is a deeper study of domain-
specific sedentary behaviours, such as the investigation of passive (e.g., TV viewing) 
versus mentally active (e.g., reading, workplace) sedentary behaviour in relation to 
mental health outcomes. For example, individuals with a higher socio-economic 
status may spend more time sitting at the workplace, whereas those with a lower 
socio-economic status usually spend more time watching TV [23] while being 
exposed to more physically demanding occupations. In this context, further study 
of cultural and social factors within and between countries is crucial to investigate 
variation by culture, social disadvantage, and inequality. 

Another question that remains insufficiently answered concerns the physiologic 
mechanisms linking sedentary behaviour to health-related outcomes. Although 
experimental studies on sedentary behaviour in humans are accumulating, such as 
investigations of the metabolic consequences of interruptions to prolonged sitting 
(see Chap. 5), little is known about the precise etiologic pathways through which 
sedentary behaviour affects health-related outcomes. Important insights into the 
biologic consequences of sedentary behaviour have been obtained from animal 
experiments conducted by Hamilton and colleagues [24, 25], who found that 
reduced contractile activity localised at the two hindlimbs of mice led to a suppres-
sion of skeletal muscle lipoprotein lipase (LPL) activity, which is crucial for 
triglyceride uptake and production of HDL-cholesterol. We do not know whether 
similar physiologic consequences of sedentary behaviour on LPL activity occur in 
humans. Previous studies of interruptions of sitting time on blood lipids in healthy 
adults revealed inconsistent findings [26, 27]. Discrepancies between study results 
may have arisen from variations in study populations, sample sizes, study duration, 
initial metabolic state, and type of intervention. Yet, experimental studies on 
interrupted sitting regimens may deliver important information about how long 
individuals should maximally sit per day and how often extended periods of sitting 
time should be interrupted to improve metabolic function and other health-related 
conditions. For example, a recent study found that breaks in sitting resulted in 
improvements in postprandial glucose and insulin responsiveness, and the beneficial



effect was greater in individuals who frequently interrupted prolonged sitting by 
short activity bouts than in those who interspersed a single bout of continuous 
physical activity between a long period of sitting [28]. 
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While most experimental studies in humans examined the effect of extended 
sitting time and interruptions of sitting time on glucose and lipid metabolism, there is 
a paucity of data on other biomarkers that may be operative in the development of 
chronic diseases, such as adipokines (e.g., leptin, adiponectin), pro-inflammatory 
cytokines (e.g., interleukin (IL)-6, tumour necrosis factor (TNF)-α), and insulin-like 
growth factor (IGF) and insulin-like growth factor binding protein (IGFBP) (e.g., 
IGF-I, IGFBP-III). Moreover, sitting interruption studies in high-risk populations 
such as overweight or obese individuals with type 2 diabetes mellitus or pregnant 
women with gestational diabetes mellitus may provide more effective personalised 
intervention opportunities. While experimental studies have mostly identified acute 
effects of experimentally controlled behavioural changes, studies on long-term 
effects in free-living environments are lacking. 

Thus, to infer successful public health initiatives, combing epidemiologic obser-
vational data with evidence from controlled experimental studies and intervention 
studies in free-living settings on the biological effects of changing sedentary behav-
iour is imperative. 

29.2 How Can We Validly and Reliably Measure Sedentary 
Behaviour? 

Existing data on sedentary behaviour are limited by the heterogeneity of methods 
used to assess sedentary behaviour and the poor to modest validity of self-reported 
sedentary behaviour measures (see Chap. 3). Inconsistencies in study findings may 
stem from misconception and misclassification of the term “sedentary behaviour” in 
individual studies. In our understanding, sedentary behaviour is defined as “any 
waking behaviour characterised by an energy expenditure ≤1.5 metabolic equiva-
lents of task (METs) while in a sitting or reclining posture” [29]. A plethora of 
epidemiologic studies used mixed categories of sedentary behaviour and physical 
activity in the sedentary behaviour context, and thus, may have introduced some 
degree of misclassification error [30]. High levels of sedentary time may coincide 
with high levels of physical activity [30]. For example, office workers spending 
hours sedentary at their desks may accumulate an appreciable amount of moderate-
to-vigorous exercise in the gym after work. Comparing a high sedentary behaviour 
level with the “most physically active” category as the reference category would 
neglect the co-existence of high amounts of both sedentary behaviour and physical 
activity [30]. In addition, inferring occupational sitting from job titles represents a 
potential source of exposure misclassification [30]. To obtain comparable and valid 
results, future studies of sedentary behaviour should be consistent in their terminol-
ogy and measurement structure.
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Rapid advances have been made in the use of device-based measures in epide-
miologic studies over the past years, yet most studies to date evaluated sitting time 
based on self-report measurements. Self-reported methods are feasible in large 
population studies, and they capture important information about the type of seden-
tary behaviour (e.g., TV watching) occurring in a specific domain (e.g., recreation, 
household, occupation, transport). However, they are prone to measurement error, 
resulting in potential distortion of the true relationship [31–33]. A new avenue for 
self-report measures is the use of 24-h recalls, which provide contextual information 
(e.g., the time spent on certain behaviours) and have shown moderate validity as 
compared with device-based measures [23]. 

Advances in measurement technology now deliver affordable objective methods 
such as accelerometers and inclinometers that help overcome the limitations of self-
report assessments [31]. Device-based measurements have been demonstrated to 
more accurately assess total sedentary behaviour than self-report measurements [31– 
33]. Self-reported measures may underestimate the true time spent sedentary relative 
to sedentary time assessed using objective monitoring devices [27]. For example, for 
population-level sedentary behaviour, a median of 5.5 h per day from self-report 
measures compared to a median of 8.2 h per day from device-based measures was 
reported in the review by Bauman et al. (Chap. 2). 

While TV time has reasonable recall properties, it cannot be extrapolated to 
represent overall sitting time. Objective monitoring devices enable assessment of 
total sedentary time across the day, and they provide important information about 
patterns of sedentary behaviour accumulation, e.g., durations of sedentary bouts and 
interruptions in sedentary time [33]. Advanced activity monitoring using the 
activPAL allows different postures such as sitting/lying and standing to be distin-
guished [34]. However, device-based measurement does not discriminate between 
different types and domains of sedentary behaviour. In addition, there are several 
methodologic issues with regard to accelerometer measurements (e.g., definitions of 
epoch length, wear time, non-wear time, cut-points for sedentary behaviour, number 
of valid wear days) that have not yet been resolved and require further study. 

Combining self-reported measures with objectively derived data has been 
recommended to improve the comprehensiveness and accuracy of sedentary behav-
iour measurements [31, 33]. A previous study utilizing data from around 10,000 
adults aged ≥20 years from the NHANES 2003–2006 provides an example of how a 
more comprehensive measure of sedentary behaviour can be achieved from the 
combinatorial use of self-reported and objective instruments [33]. The descriptive 
epidemiology of sedentary time determined by self-reported measures and 
accelerometer-derived measures was compared [33]. The main results indicated 
that both self-reported measures and accelerometer-derived measures identified 
women to spend more time in sedentary pursuits than men, and the self-reported 
measures were able to uncover the prevalence of TV viewing, computer use, and 
screen time to be lower in women than men. Moreover, domain-specific variation in 
sedentary time across different ethnicity groups could be identified by self-reported 
measures. For example, non-Hispanic whites and non-Hispanic blacks were more 
likely to be sedentary than Mexican Americans according to all sedentary behaviour



measures, with the exception of TV viewing time [33]. Stratifying sedentary behav-
iour by both ethnicity and life span, self-reported measures detected significant 
differences in women, while important differences in men were noted using 
accelerometer-based measures [33]. Future measurements should extend beyond 
self-reported measures of sedentary behaviour to allow for a more valid objective 
measurement of sedentary behaviour accumulated throughout the day. For more 
precisely identifying accumulation patterns, more sophisticated analytical tech-
niques such as multivariate pattern analysis [35], machine learning techniques 
[36], accelerometer time-series raw data [37], and sequence maps and clusters [38] 
have entered sedentary behaviour research over recent years. 
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The vast majority of sedentary behaviour studies are limited in that they evaluated 
sedentary time at a single point in time, typically the time at study entry. Repeated 
measurements allow the extraction of information about diverse patterns and 
changes of sedentary behaviour over time and identification of specific time periods 
in life that are sensitive to prolonged sedentary time. For example, a recent study 
utilizing data from the National Institutes of Health (NIH)-AARP Diet and Health 
Study evaluated change in TV viewing time between 1994–1996 and 2004–2006 in 
relation to death occurring until 2011 [39]. High versus low amounts of TV viewing 
at both time points were related to a statistically significant increased risk of 
mortality, but the hazardous relation tended to be most marked at the second time 
point [39]. Moreover, the above-mentioned study [39] was able to discover impor-
tant findings related to changes in TV viewing and mortality risk. Specifically, an 
increase in TV viewing between the two measurement points was related to an 
increased risk of mortality, and a decline in TV viewing was associated with a 
reduction in mortality risk [39]. Another study found that hourly increments of 
change in TV viewing over a five-year period were associated with increases in 
biological markers (body mass index, waist circumference, fasting insulin, and 
insulin resistance) of postmenopausal breast cancer risk [40]. The sedentary lifestyle 
of an individual does not remain constant over the lifetime but rather, it alters during 
the life course, with the elderly usually spending more time in sedentary activities 
than young or middle-aged adults [33]. Likewise, hormonal and metabolic changes 
occur over the life span [41, 42], leading to potential different biologic responses to 
sedentary behaviour among various age groups. Thus, the exploration of sedentary 
behaviour at different life stages may provide important insights into time-sensitive 
effects of sedentary behaviour on disease outcomes and etiology. 

29.3 What Are the Determinants and Correlates 
of Sedentary Behaviour? 

Sedentary behaviour scientists have been extensively engaged in research on the 
effect of sedentary behaviour on various health-related outcomes. In future research, 
more emphasis should be placed on the study of factors that drive sedentary



behaviour. There are numerous potential factors that may influence sedentary 
behaviour, including demographic, psychological, social, economical, and environ-
mental factors. Identifying correlates and determinants of sedentary behaviour at a 
multi-level represents an important step in designing appropriate intervention 
programmes aimed at reducing sedentary behaviour. Ecologic approaches in corre-
lates research may help navigate the numerous possible influences of sedentary 
behaviour and identify important interactions across levels relevant for being 
targeted in sedentary behaviour interventions (see Chap. 15). To understand why 
persons are inactive and others are not, research into correlates should expand 
beyond the study of individual factors to identify the potential of changes in 
contextual and environmental factors for preventing non-communicable diseases. 
In this regard, understanding environmental correlates of transportation and recrea-
tional activity in low-income and middle-income countries has been formulated as a 
research priority to support the development of contextually tailored interventions 
aiming to reduce the rapid proliferation of inactivity brought about by increased 
urbanisation, passive entertainment, and motorised commuting [43]. 
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29.4 What Are Feasible Interventions to Reduce Sedentary 
Behaviour? 

To determine which specific public health initiatives to pursue, results from inter-
vention programmes aiming to change sedentary behaviour are essential. In partic-
ular, evaluating the effectiveness of large-scale and national physical activity 
promotion programmes at the population level is very demanding, and thus, limited 
evidence on such initiatives is available. Intervention studies designed to reduce 
sedentary behaviour have proliferated during recent years, and while some interven-
tion programmes are aimed at changing an individual’s behaviour, others have 
directed their attention towards environmental factors. Several intervention studies 
have focused on alterations in the work environment and have introduced sit-to-
stand desks to combat the dangers of numerous hours sitting in the office [44]. Find-
ings of numerous studies showing prolonged sedentary behaviour to harmfully affect 
health-related outcomes have led public health scientists to the logical conclusion 
that replacing hours being seated by standing would be a feasible alternative to 
produce a healthy working environment. The creation of “movement-friendly” 
places for working include computer-based prompts and personal motion assessment 
devices, placement of toilets and kitchens on different floors, promotion of stair use, 
and standing meetings [44]. There is a need for future prospective studies and 
randomised controlled trials to evaluate standing and light activity interventions in 
real office environments [44], taking into account the feasibility, acceptability, 
sustainability, and safety of the interventions. Moreover, exploration of the long-
term effects of such interventions on health-related outcomes requires further



research attention. In particular, intervention studies that can be easily integrated into 
daily routines are needed. 
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Another key setting for health promotion and early disease prevention includes 
the school environment, which represents a place where children and youth spend 
large amounts of time, and where behavioural education can be easily incorporated 
into the curriculum and school environment. For example, active lessons (e.g., 
integrating activity for a learning outcome) and active breaks (e.g., interrupting a 
class lesson for a sitting break) have been shown to effectively reduce and break up 
children’s sedentary time in the classroom. Watson et al. [45] summarised 26 studies 
on active breaks and 13 studies on physically active lessons and concluded overall 
increases in children’s physical activity, improvements in classroom behaviour out-
comes, and better academic achievements. 

The efficacy of interventions for reducing time spent sitting in the household and 
transportation domains is largely unexplored. There is likely to be value in future 
intervention studies aiming to reduce sitting during transportation. Self-reported data 
from the US, Australia, and Belgium [46] revealed that adults spent on average 326.7 
to 478.6 minutes per week in motorised transportation. People would meet the 
physical activity recommendations of 150 minutes per week of moderate-intensity 
activity [47] if they replaced half of the time spent in a car or bus for commuting with 
moderate-intensity pursuits of walking or bicycling. 

The majority of intervention studies published to date involved only healthy 
individuals, and thus, analyses of understudied population groups such as individ-
uals with chronic disease or disabilities, ethnic minorities, the elderly, or overweight/ 
obese individuals are a research priority. Such groups are at an increased risk for 
high levels of sedentary time and subsequent adverse health consequences and may 
particularly benefit from effective intervention programmes aiming to reduce sed-
entary behaviour. The development of intervention programmes with particular 
attention paid to these subgroups is suggested to inform personalised disease pre-
vention strategies. Conducting mixed-methods studies to examine the social, phys-
ical, and attitudinal barriers and facilitators to physical activity of these individuals 
may help develop effective personalised physical activity programmes. 

29.5 How Can Research Findings Be Effectively Translated 
into Practice? 

Complementing evidence on epidemiology, measurement, mechanisms, and inter-
ventions is needed to inform appropriate public health guidelines and policy. In a 
final step, public health initiatives need to be informed by evidence from the 
preceding phases. The design of an intervention programme that has proven efficacy 
in the study scenario may be unwise if it cannot be effectively applied to a real-life 
setting. The last phase deals with questions about how we can properly disseminate, 
implement, and maintain effective interventions and public health initiatives. This



important area of future research will require mobilising transdisciplinary 
collaboration. 
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Implementation issues are complex, and they have a host of barriers in that 
multiple aspects need to be taken into account, including feasibility, acceptability, 
cost-effectiveness; and other environmental, organisational, and political factors. 
Moreover, it typically takes several years to translate research into public health 
practice and policy. Clearly, more research is needed to ensure the successful 
translation of evidence-based intervention programmes into real-life settings. 
Because this field has now become a funding priority over the past years, research 
opportunities will continue to grow, ultimately leading to advances in research-to-
public health practice translation for successful interventions. 

29.6 Summary 

Although a considerable amount of knowledge has been accomplished in the field of 
sedentary behaviour epidemiology over the past decades, further progress in seden-
tary behaviour research is needed to inform effective intervention programmes 
aimed at reducing long periods of sitting. Future prospective studies using objective 
measures (e.g., accelerometers) are needed to confirm findings from self-report 
studies on the relationships between sedentary behaviour and a variety of 
health-related outcomes. The combined use of self-report measures and 
accelerometer-derived measures may represent a valuable future approach to 
enhance the comprehensiveness and validity of sedentary behaviour measurements. 
Likwise, applying more sophisticated analytical methods to draw more robust 
evidence from available sedentary behaviour data is needed. While previous studies 
have predominantly focused on TV viewing or total sitting time, future studies 
should place more emphasis on other domains such as transportation and the 
household to expand the potential for interventions. Moroever, research in more 
specific domains such as passive and mentally active sedentary behaviours might 
provide new insights into the relations of sedentary behaviour with health outcomes. 

Enhanced research efforts are suggested for different settings such as the work-
place or schools as well as different population subgroups to allow for personalised 
disease prevention strategies. Moreover, future mechanistic and experimental stud-
ies are needed to identify the biological pathways through which sedentary behav-
iour affects the aetiology of various disease outcomes. Equally important are studies 
that explore how long people should maximally sit and how often they should 
interrupt their sitting to prevent the harmful effects of prolonged sitting on health. 
Such data are needed to build a stronger basis for sedentary behaviour recommen-
dations. Moreover, research into correlates should expand beyond factors at the 
individual level to identify different social and environmental contexts that can be 
targeted in future intervention programmes. Finally, efforts to implement and dis-
seminate intervention programmes need to be evaluated to ensure the successful 
implementation of evidence-based research findings in real-life settings.
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