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Preface

Movement behaviours, such as physical activity and sedentary behaviour, are an 
important public health topic. Physical activity is the most well-known of those 
behaviours, and its health benefits are unequivocal [1]. However, there is a growing 
interest in the research of sedentary behaviour around the world.

The interest in studying sedentary behaviour derives primarily from its association to 
several health outcomes, independent of physical activity, including cardiovascular 
and metabolic diseases (diabetes, hypertension, dyslipidemia, obesity) [2], cancer [3] 
and mental health [4]. More precisely, there is increasing evidence of the adverse health 
effects of excessive sedentary behaviour [5–7]. This evidence is mainly seen for common 
sedentary behaviours, such as screen time (e.g., TV viewing, video game playing, com-
puter use) and sitting time (e.g., riding in automobiles, reading). Taking this evidence 
into account, for the first time in 2020, the World Health Organization issued global 
recommendations for sedentary time alongside physical activity recommendations [1]. 
These recommendations state that the amount of time spent sedentary should be limited, 
particularly recreational screen time, and replaced with physical activity of any intensity.

As an emerging research topic, methods of assessing sedentary behaviour have 
advanced significantly in recent years, from the refinement of self-report measures to 
the swift advances of device-based measurement [8]. These adequate methods have 
helped better understand sedentary behaviour’s accumulation patterns and contexts, 
determinants and associations. Notwithstanding, new evidence on sedentary behaviour 
is ever-growing. The complementarity of evidence regarding sedentary behaviour 
measurement, mechanisms, and interventions should be emphasized to inform public 
health guidelines and policy better [8].

The study of sedentary behaviour is of importance, now more than ever. As our knowl-
edge of this behaviour is rapidly advancing, more questions arise. Therefore, there is still 
room to grow and avenues to explore for developing and refining the understanding of 
sedentary behaviour. Thus, this book contributes to better understanding of sedentary 
behaviour and its health implications, both in Western countries and in some countries 
in epidemiological transition, such as those in sub-Saharan Africa. It contains the current 
definitions of sedentary behaviour and the various methods used for its measurement and 
evaluation. As sedentary behaviour is a risk factor for health, it is essential to understand 
the benefits of its constant interruption, especially in reducing the risk of cardiovascular 
disease. This book intends to make a small contribution in these areas, presenting the 
reader with recent scientific evidence.

Adilson Marques
Faculdade de Motricidade Humana,

Universidade de Lisboa,
Lisboa, Portugal

Élvio Rúbio Gouveia
Universidade da Madeira,

Funchal, Portugal
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Chapter 1

Sedentary Behaviour: Definition, 
Determinants, Impacts on Health, 
and Current Recommendations
Priscila Marconcin, Vera Zymbal, Élvio R. Gouveia, 
Bruce Jones and Adilson Marques

Abstract

This chapter aims to present an overview of the scientific background and 
current recommendations for sedentary behaviour. We have presented the cur-
rent sedentary behaviour definition and defined other terms related to sedentary 
behaviour. The determinants of sedentary behaviour were discussed, and the 
ecological model was presented. Based on the recent data from the literature, the 
relationship between sedentary behaviour and health indicators was presented and 
discussed. Finally, we discussed the recommendation regarding sedentary behav-
iour, and presented the daily guidelines involving physical activity, sedentary 
behaviour, and sleep routine.

Keywords: sedentary behaviour definition, physically inactive, health outcomes, 
sedentary behaviour determinants, 24-hour guidelines

1. Introduction

Sedentary behaviour (SB) is a health risk independent of age, population, sex, 
or clinical condition [1, 2]. Evidence highlights a negative association of prolonged 
sedentary time, and patterns of sedentary time, with cardio-metabolic risk bio-
markers and health outcomes [1, 3]. However, studies in recent years have presented 
inconsistency related to the sedentary behaviour definition. This has made some 
difficulties for studies in the field itself [4]. This chapter clarifies SB definition 
based on the information from the Sedentary Behaviour Research Network (SBRN).

A comprehensive research agenda on SB also includes measurement studies, and 
evaluating the outcomes of environmental and policy initiatives. The conceptual 
basis for these studies includes an ecological model of behavioural determinants [5]. 
These models recognise how individual behaviours are affected by environmental 
and policy factors [5]. This conceptualisation of SB leads to explicit consideration 
of multiple complex levels of influence, such as: intrapersonal (biological, psycho-
logical), interpersonal (social, cultural), organisational, community, and physical 
environment.

This chapter aims to contribute to the existing evidence, and to clarify and 
discuss the following important aspects of SB: the current definition, the defini-
tion of related terms, the determinants of SB, the relationship between SB and 
health outcomes, and the current guidelines worldwide regarding SB. We expect to 
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contribute to public health initiatives designed to develop more feasible interven-
tions that focus on diminishing SB among all age groups.

2. Definition of sedentary behaviour

Society has encountered rapid and significant physical, economic, and social 
environment changes, leading to increased inactivity among individuals in the 
workplace, in transportation, in communication, and at home. These changes have 
had significant negative consequences on health-related behaviours.

The study of sedentary behaviour (SB) started with a study by Morris and 
colleagues in 1953. They investigated bus drivers and desk-bound workers in the 
United Kingdom, concluding that those who were more active presented signifi-
cantly reduced cardiovascular disease risk than those who were less active [6]. 
Although these findings refer to the level of physical activity (PA), it can be specu-
lated that SB was also a relevant factor that should have been assessed [7].

As interest in SB research has increased, what has emerged is a lack of consis-
tency and agreement in SB, as well as the definition of related terms. Over the past 
few decades, the term “sedentary” has been used in different ways (e.g., to define 
those who do little or no PA, or those who do not fulfil the PA guidelines) [8]. The 
SB definition has been based on two aspects: postural and energy expenditure. SB 
has been generally defined as the time spent in a sitting or reclining posture. This 
definition stems from the Latin origin of the word sedentary, sedere (to sit). From 
the energy expenditure aspect, SB is usually defined as the time spent in any waking 
behaviour that requires low levels of energy expenditure (e.g. ≤1.5 METs).

Although postural and energy expenditure aspects are crucial to determine 
SB, research in this field typically includes only one of these components. One of 
the reasons is related to the methods used to measure SB. Assessment methods 
of SB include subjective and objective measurements, each one providing differ-
ent information. Studies analysing SB from the postural aspect usually employ 
questionnaires, direct observation, or inclinometers, The energy expenditure 
aspect is commonly estimated indirectly by accelerometry. In contrast with these 
aspects, many studies described their participants as sedentary when they did not 
achieve a recommended amount of PA. The variety of measurement methods, and 
conflicting definitions of SB, has generated misunderstanding, making it difficult 
to not only compare studies, but also to understand the real impact of SB on health 
outcomes. Consequently, researchers have begun to call for clearer and more precise 
definitions and measurements [9].

To prevent contradiction and consternation, in 2012, the Sedentary Behaviour 
Research Network (SBRN), an organisation of researchers and health profession-
als, published a letter to define the differences between “sedentary behaviour” and 
“physical inactivity” [10]. In this first consensus publication, the SBRN suggested 
that SB should be defined “as any waking behaviour characterised by an energy expen-
diture ≤ 1.5 metabolic equivalents (METs), while in a sitting or reclining posture” [10]. 
This definition included both postural (sitting or reclining), and energy expenditure 
(<1.5 METS) aspects. In addition, the term “inactive” should be used to describe 
those who “...are performing insufficient amounts of moderate to vigorous PA (i.e. not 
meeting specified PA guidelines)” [10]. According to these terms, a person can be active 
when meeting PA guidelines, but also spend a large amount of their day in SB.

The distinction between SB and physical inactivity terms has provided important 
progress on the SB field. However, there remains a need to refine, and establish a 
consensus for, various other SB terms (e.g., screen time, sedentary behaviour pat-
tern, bouts, and breaks). Moreover, some terms were considered inappropriate when 
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applied to different age categories (e.g. infants, before learning to sit and stand) or 
populations with different physical capacities (e.g. people with mobility impair-
ment). In this context, the SBRN developed a project to provide a consensus defini-
tion for terms related to SB research for all age groups and all physical abilities. The 
results were published in 2017 [4] and define several concepts related to SB.

Sedentary behaviour. General population: Any waking behaviour characterised 
by an energy expenditure ≤1.5 metabolic equivalents (METs), while in a sitting, 
reclining, or lying posture [10]. Infants (<1 year or pre-walking): Any waking 
behaviour characterised by low energy expenditure while restrained or when calm. 
Time spent in the prone position (“tummy time”) is not considered a sedentary 
exposure.

 Sedentary time. The time spent for any duration or in any context in sedentary 
behaviours.
Sedentary bout. A period of uninterrupted sedentary time.
 Sedentary interruptions/breaks. A non-sedentary bout in between two sedentary  
bouts.

Physical inactivity. Insufficient PA level to meet present PA recommendations 
[11, 12].

Stationary behaviour. Any waking behaviour performed while lying, reclining, 
sitting, or standing, with no ambulation, irrespective of energy expenditure. This 
definition applies to all age and ability groups except infants.

Stationary time. The time spent in stationary behaviours.
Stationary bout. A period of uninterrupted stationary time.
 Stationary interruptions/breaks. A non-stationary bout in between two 
stationary bouts.

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

 Active standing. Any activity in a standing posture characterised by an energy 
expenditure >2.0 METs, while standing without ambulation, whether sup-
ported or unsupported.
 Passive standing. Any standing position without ambulation characterised by 
an energy expenditure ≤2.0 METs.
 Standing time. The time spent for any duration or in any context while 
standing.
Standing bout. A period of uninterrupted time while standing.
Standing breaks. A non-standing bout in between two standing bouts.

Screen Time. Time spent on screen-based behaviours [13, 14]. These behaviours 
can be performed while being sedentary or physically active.

 Recreational screen time. Time spent in screen behaviours that are not related to 
school or work [15].
 Stationary screen time. Time spent using a screen-based device while being 
stationary in any context.
 Sedentary screen time. Time spent using a screen-based device while being seden-
tary in any context.
 Active screen time. Time spent using a screen-based device while not being 
stationary in any context.
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Non-screen-based sedentary time. Refers to the time spent in sedentary 
behaviours that do not involve the use of screens.

Sitting. 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.

 Active sitting. Any waking activity in a sitting posture characterised by an 
energy expenditure >1.5 METs.
 Passive sitting. Any waking activity in a sitting posture characterised by an 
energy expenditure ≤1.5 METs.

Reclining. Reclining is a body position between sitting and lying.

Active reclining. >1.5 METs.
Passive reclining. ≤ 1.5 METs.

Lying. Refers to being in a horizontal position on a supporting surface.

Active lying. >1.5 METs.
Passive lying. ≤ 1.5 METs.

Sedentary behaviour pattern. It is how sedentary behaviour is accumulated 
throughout the day or week while awake [16, 17].

In summary, the definition of SB and related terms has evolved. Currently, much 
progress has been made. However, studies are needed to validate the proposed 
terms. Also, much discussion still exists about MET values thresholds, and future 
studies are needed to determine values that best represent SB at different ages, and 
physical and health conditions. Also, standardisation of assessment and analysis of 
SB by accelerometry is necessary.

Difference between physical activity and sedentary behaviour.
To reduce the risk of developing chronic disease, and to maintain a healthy life-

style, public health interventions focus on improving PA and reducing SB. Despite 
both constructs being similar in their objectives, they present differences regarding 
interventions that should be highlighted. These relate mainly to the frequency 
and duration of the two behaviours. Interventions on PA usually aim to encourage 
participants to accumulate more moderate to vigorous PA (MVPA). Interventions 
on SB are designed to support people to shift some of their sedentary time to light 
intensity activities [18]. It is essential to highlight the difference between being 
inactive and being sedentary. Inactive individuals present low/insufficient levels of 
MVPA, while sedentary individuals show a high level of sitting [19]. It is possible, 
for example, to be highly active (go to the gym five times a week for one hour) and 
sedentary (work in an office setting for more than 6 hours, without break times).

To standardise the PA intensity, in the late 1980s, the Compendium of PA 
was developed and was updated in 2011 [20]. The Compendium standardises the 
MET (metabolic equivalent) intensities used in a variety of PA. It does not correct 
the MET levels for age, body mass, and gender. The Physical Activity Guidelines 
Advisory Committee [21] defined PA intensity as:

 Light-intensity activity is non-sedentary waking behaviour that requires less 
than 3.0 METs; examples include walking at a slow or leisurely pace (2 mph or 
less), cooking activities, or light household chores.
 Moderate-intensity activity requires 3.0 to less than 6.0 METs; examples 
include walking briskly (2.5 to 4 mph), playing doubles tennis, or raking 
the yard.
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 Vigorous-intensity activity requires 6.0 or more METs; examples include 
jogging, running, carrying heavy groceries or other loads upstairs, shovelling snow, 
or participating in a strenuous fitness class.

This guideline was updated in 2018, but the intensity defined for energy 
expended was maintained. Through the guidelines, four levels of aerobic PA were 
made: inactive, insufficiently active, active, and highly active [22].

 Inactive is not getting any moderate- or vigorous-intensity PA beyond basic 
movement from daily life activities.
 Insufficiently active is doing some moderate- or vigorous-intensity PA but less 
than 150 minutes of moderate-intensity PA a week or 75 minutes of vigorous-
intensity PA or the equivalent combination. This level is less than the target range 
for meeting the key guidelines for adults.
 Active is doing the equivalent of 150 minutes to 300 minutes of moderate-intensity 
PA a week. This level meets the key guideline target range for adults.
 Highly active is doing the equivalent of more than 300 minutes of moderate-
intensity PA a week. This level exceeds the key guideline target range for adults.

This classification of PA intensity is the same as the one used by the World 
Health Organisation to make guidelines regarding PA and health for adults [23]. The 
difference between SB and PA is critical to recognising the distinct determinants 
of SB and PA, and to designing public health interventions that are most suitable. 
Interventions focusing on SB should not follow the same approach used for PA 
interventions. They must be more specific and must emphasise SB’s determinants.

3. Determinants of sedentary behaviour

It is essential to comprehend the modifiable determinants of PA and SB, and to 
translate that knowledge into practical actions to benefit public health. The simple 
cause and effect pathway of health behaviours (e.g. SB and health outcomes) is 
an unwise approach to take. Motivating or educating individuals to change their 
behaviour is likely to be restricted if their physical and socio-cultural environments 
do not enable and support the behaviour [24].

3.1 Ecological model of sedentary behaviour

The ecological approach considers multiple levels of influence on a specific 
behaviour, such as: individual, social, organisational/community, environmental, 
and public policy [25]. The ecological model distinguishes itself from individual-
level models by focusing on the interaction of person-level attributes (e.g. motiva-
tion, self-efficacy) with physical and socio-cultural environments [26]. Ecological 
models have been used to explore and address several different health behaviours 
(e.g. PA, healthy eating, and tobacco smoking) [25]. Regarding SB, it is crucial to 
understand which physical attribute is in focus, and the context in which the SB 
occurs. The ecological model of SB, highlighting the influence of particular contexts 
or domains in which behaviours occur, considers four domains: leisure, household, 
transport, and occupation [5]. Each domain presents a range of potential influences.

The key of the Ecological Model of SB is to understand which social and envi-
ronmental factors could influence the SB. Various factors are likely to influence an 
individual’s choice and risk of engaging in SB. Also, it is important to consider the 
population target and the settings. For example, for working adults with sedentary 
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jobs, making changes in the workplace must diminish SB at the workplace [27]. 
The Torbeyns et al. study concluded that a standing desk intervention increase the 
HDL cholesterol, and decrease postprandial glucose when compared with a seated 
workstation [28]. For older adults and retirees, SB’s main setting is in the home. 
Interventions should therefore focus on this setting [29]. For children and adoles-
cents, it is important to look for the main SB, which is screen viewing in different 
settings [30]. Also, there are some SB’s that occur in a specific setting, which must 
be considered. For example, TV viewing frequently occurs at home. This cor-
relation is important for the purpose of targeting an intervention focused on the 
setting, beyond the behaviour. Understanding SB’s correlates in a specifıc setting is 
thus important to develop more effective interventions [5]. Workplace furniture is 
growing in popularity as an intervention tool for the purpose of decreasing SB. For 
example, employees with long-term access to sit-stand desks sit less, and sit upright 
more often, than employees with sitting desks [31]. Figure 1 shows the variables 
that could be studied for each domain.

A systematic review among adults aged 18–65 years found seventy-four stud-
ies that aimed to identify individual, social, environmental, and policy-related 
determinants or correlates of SB [32]. The results indicated that individual-level 
factors (e.g. age, PA levels, body mass index, socioeconomic status, and mood) were 
significantly correlated with SB. A trend towards increased leisure screen time was 
identified in those married or cohabiting, while having children resulted in less 
total sitting time. Also, the proximity of green space, neighbourhood walkability 
and safety, weather, and other environmental factors were correlated with SB [32]. 
Although this systematic review is an important contribution to the SB field, most 
included studies were observational. No longitudinal study was performed, which 
makes it difficult to make a causal inference. Only longitudinal studies allow for the 
establishment of a causal relationship.

Another systematic review conducted to better understand factors associated 
with SB among older adults found twenty-two high quality studies (median of 
82%, IQR 69–96%, using Qualsyst tool), almost all of which were cross-sectional 
and observational [33]. Their results showed older and retired individuals were 
seated often. Some studies considered environmental determinants. This conclu-
sion suggests a possible association with mode of transport, type of housing, 
cultural opportunities, neighbourhood safety, and availability of places to rest [33]. 
However, the systematic review included only studies from high-income countries. 
More evidence is needed from lower- and middle-income countries. In addition, 
there is minimal causal evidence for the association of environmental determinants 

Figure 1. 
Mapping of the domains and correlated variables of the ecological model of sedentary behaviour. Published on 
Nicolson, Hayes [24] with permission.
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and sedentary behaviour, as the vast majority of information comes from quantita-
tive cross-sectional studies. Longitudinal and experimental approaches would 
be necessary to identify potential levels that could be used to design innovative 
interventions, for older adults, to diminish the SB.

Among youth, more studies are available. Stierlin et al. reviewed thirty-seven 
studies; only high quality longitudinal, intervention, and observational stud-
ies were included (median of 82%, IQR: 74–91%, using the Qualsyst tool) [34]. 
Determinants were found at the individual, interpersonal, environmental, and 
public policy levels. Age and weight status were positively associated with total SB. 
Also, baseline assessment of screen time was positively associated with screen time 
at follow-up. A higher playground density, and higher availability of play and sports 
equipment at school, was consistently related to an increased total SB, although 
these consistent findings come from single studies. Other study reported the 
association of the proximity of safe places to crossroads, and lengthening morning 
and lunch breaks, with less total SB [34].

All cited systematic reviews were essential to a better understanding of the 
determinants of SB. However, across the studies, we learn more about the “who” of 
SB engagement, and less about the “why” of their SB engagement. To make substan-
tial advancements in intervention design, and to gain insights into important and 
modifiable mediators of behavioural change, researchers need to know the motiva-
tional and contextual reasons for engaging in SB [35]. Information about the various 
levels and types of influences and contributors to SB may help develop multi-level 
interventions that expand the chances to decrease sedentary behaviour. More 
studies, focusing specifically on motivation, abilities, and opportunities, as well as 
unconscious processes that may induce and sustain changes in SB, are crucial [35].

4. Sedentary behaviour and health

Sedentary behaviour has been a big concern of public health and prevention 
medicine. Over the last decades, a growing interest has been placed on the health 
impact of SB. Wise public health recommendations about SB can only be made if 
there is a clear understanding of its relationship with various health impacts. In this 
respect, many studies have shown that higher amounts of SB are associated with 
harmful health outcomes such as metabolic syndrome, obesity, diabetes, cardiovas-
cular diseases, and mortality [1, 3].

The Physical Activity Guidelines Advisory Committee Scientific Report (PAGAC) 
provided an overview of relationships between SB and mortality; it exposed the 
weight status of SB among several non-communicable diseases [36]. The conclusion 
was that there was strong evidence that high amounts of SB increase the risk for 
all-cause and cardiovascular disease (CVD) mortality, also incident CVD and type 
2 diabetes. In addition, it showed, with moderate evidence, that SB was associated 
with incident endometrial, colon, and lung cancer. There was limited evidence 
which demonstrated that SB was associated with cancer mortality and weight 
control. Considering PA status, the study concluded that SB’s hazardous effects are 
more pronounced in physically inactive participants [36]. A prospective cohort study 
showed that greater sedentary time was associated with all-cause mortality [37].

Along with the relationship between SB and mortality, it is important to anal-
yse other health parameters such as: pain, quality of life, mental health, function 
and disability. An overview, of systematic reviews that examined the relationship 
between SB and a range of health indicators among the adult population, was done 
in 2020. The main findings are summarised in Table 1 [51].



Sedentary Behaviour - A Contemporary View

8

Outcome Studies (systematic reviews) Main findings

Health-related 
quality of life 
(HRQOL)

Boberska et al. (2018)
Castro et al. (2018)
Ramalho et al. (2018)

Higher levels of SB are associated with lower 
physical HRQoL [38].
Total screen time was negatively associated 
with social quality of life. There were no 
significant associations observed between SB 
and environmental, personal, or overall quality 
of life [39].
Significant and negative associations between 
SB and quality of life [40].

Brain health Falck et al. (2017) The odds of developing Alzheimer’s increased 
1.32 (95% CI: 1.08, 1.62) for each 1-h increase 
in daily TV viewing [41].

Cognitive function 
(CF)

Falck et al. (2017)
Castro et al. (2018)
Ramalho et al. (2018)
Sui et al. (2019)

Negative associations between SB and  
CF [41].
Executive function was negatively associated 
with total sedentary time. Working memory 
capacity was not associated with self-reported 
sitting, screen time, or passive transportation. 
And, perceived cognitive ability was negatively 
associated with total sitting time, but not 
associated with device-measured sedentary 
time [39].
CF was negatively associated with TV viewing. 
CF was positively associated with Internet/
computer use. CF was not associated with 
device-measured sitting [40].
No difference between seated and non-seated 
workstations, non-seated workstations 
were associated with improved cognitive 
performance, and non-seated workstations 
were associated with reduced cognitive 
performance [42].

Depression Zhai et al. (2015)
Teychenne et al. (2010)
Ramalho et al. (2018)

Participants reporting high SB had a 1.14 (95% 
CI: 1.06, 1.21) relative risk of depression [43].
Positive associations between SB and 
depression or depressive symptoms. Total 
sedentary time and TV viewing were generally 
positively associated with depression or 
depressive symptoms, while Internet and 
computer use often demonstrated beneficial 
associations with depression or depressive 
symptoms [44].
4/6 studies observed null associations between 
SB and depressive symptoms [40].

Musculoskeletal pain Castro et al. (2018)
Shrestha et al. (2018)
Josaphat et al. (2019)

Positive associations were observed between 
musculoskeletal symptoms and a total sitting 
time (3/3 studies), computer use (8/10 
studies), video games (1/3 studies), and mobile 
phones (2/6 studies). No associations were 
observed between musculoskeletal symptoms 
and TV viewing (1/1 studies), total screen time 
(1/1 studies), or studying (3/3 studies) [39].
Lower prevalence of musculoskeletal 
symptoms in participants using sit-stand desks 
when compared with sit-desks [45].
Reduced discomfort when alternating sitting 
and standing when compared with sitting 
for 8 h [46].
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Another important consideration about SB’s impact on health is the relationship 
between different elements of SB, such as bouts, frequency, duration, and timing. 
The PAGAC Scientific Report (2018) showed insufficient evidence to determine if 

Outcome Studies (systematic reviews) Main findings

Accidents and 
injuries

O’Donoghue et al. (2016)
Rezende et al. (2014)
Shrestha et al. (2018)

No association between self-reported sitting 
time (n = 4) or device- measured sedentary 
time (n = 1) and disability, illness, or injury. A 
positive association between transport sitting 
time and disability, illness, or injury [32].
No eligible studies were identified [47].
Excluding the musculoskeletal pain 
described previously, no adverse events were 
reported [45].

Biomarkers of 
cardiometabolic risk

Torbeyns et al. (2014)
Wirth et al. (2017)
Josaphat et al. (2019)
Saunders et al. (2018)

Standing desk intervention reported an 
increase in HDL cholesterol, and a decrease 
in postprandial glucose, when compared 
with a seated workstation, treadmill desk 
intervention reported a significant reduction in 
total and LDL-cholesterol [28].
Significant reduction in fasting insulin levels 
in favour of the intervention group (targeting 
reduced SB), with no changes observed for 
total, HDL- or LDL cholesterol, or fasting 
glucose [48].
Standing workstations resulted in improved 
measures of glycaemic control when compared 
with seated workstations (3/4 studies). 
Treadmill workstations resulted in lower 
HbA1c levels (2/3 studies). Improved total 
and LDL-cholesterol levels (1/3 studies). 
Improvements in HDL cholesterol (1/3 
studies). No changes in cholesterol levels (1/3 
studies). No changes in fasting insulin, glucose, 
or triglycerides in response to treadmill desk 
use (3/3 studies) [46].
Breaking up sitting time was associated with 
benefits in postprandial glucose [49].

Body composition Neuhaus et al. (2014)
Josaphat et al. (2019)
Wirth et al. (2017)

Significant improvement in waist 
circumference (3/3 studies using a treadmill or 
pedal desk). Reported no change (2/2 studies 
using sit-stand desk). Significant improvement 
in BMI following the introduction of an 
activity permissive workstation (1 study) [50].
Significant improvement in at least 1 measure 
of body composition (3/3 studies using a 
treadmill desk). 2/2 randomised studies failed 
to detect any changes in body composition. 
2/2 randomised studies using a sit-stand desk 
reported no change in body composition [46].
No change in waist circumference 
(1/1intervention study targeting reduced SB in 
older adults) [48].

Abbreviation: BMI, body mass index; CF, cardiorespiratory fitness; CI, confidence interval; HDL, high-density 
lipoprotein; HRQoL, health-related quality of life; LDL, low-density lipoprotein; SB, sedentary behaviour; TV, 
television.

Table 1. 
Overview of systematic review regarding the relationship between SB and a range of health indicators among 
the adult population. Adapted from Saunders et al. [21].
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bout length or breaks in sedentary behaviour are associated with health outcomes 
[36]. However, other studies suggest that SB patterns may be associated with an 
increased risk of mortality, among other health outcomes. Longer mean sedentary 
bout duration was associated with all-cause mortality [37]. Prolonged sitting 
resulted in moderate elevations in postprandial glucose and insulin responses 
when compared to sitting interrupted with activity breaks [49, 52]. Also, the 
sedentary break on sitting behaviour was associated to attenuate cardiometabolic 
risk markers [53].

5. Guidelines and recommendation of sedentary behaviour

There is a global consensus regarding the need to reduce SB, but some questions 
still need to be clarified. How much sedentary time might be unsafe or detrimental 
to health? How frequently should SB be broken up, and what type and intensity of 
PA would be desirable in doing so?

For the first time, in November 2020, the World Health Organisation (WHO) 
provided evidence-based public health recommendations on the amount of PA, in 
association with SB, to offer health benefits and mitigate health risk [54]. It was the 
first time that SB has appeared in a WHO guideline. Although it was a significant 
step forward, the recommendation falls short with respect to specificity; it did 
not provide a threshold of SB or sedentary time. The WHO guideline is intended 
for policy-makers in high-middle and low-income countries, and in ministries of 
health, education, youth, sport, and/or social or family welfare. Local authorities 
should be responsible for elaborate feasible plans to improve PA and reduce SB. In 
this sense, the recommendations are a good step.

In a national setting, Canada was the first country to make specific recom-
mendations regarding SB and screen time for adults and older adults [55]. The 
guidelines follow the 24-hour SB Research Network movement guidelines [4]. A 
systematic review provided evidence that the daily movement behaviour composi-
tion was associated with health outcomes, such as adiposity and cardiometabolic 
biomarkers, in addition to being associated with all-cause mortality [56]. Also, real-
locating time into other movement behaviour from SB was associated with positive 
changes to all-cause mortality [56].

The Canadian 24-Hour Movement Guidelines for Adults aged 18–64 years, and 
Adults aged 65 years or older, integrates recommendations for a healthy day (24 h) 
comprised of a combination of PA, SB, and sleep. The guidelines were generated 
based on the best available evidence, and should be updated every 10 years (or 
whenever important new evidence is identified that could inform and/or sug-
gest revisions to the existing guideline recommendations). The guidelines are for 
adults (18–64 years) and older adults (65 years or older), irrespective of gender, 
cultural background, or socioeconomic status. The exceptions to the guidelines 
are for pregnant women or persons living with a disability or medical condition. 
The guidelines recognise that individuals should be engaged in different PA dur-
ing the day (e.g. weight bearing/non-weight bearing, sport, and recreation) in a 
variety of environments (e.g. home/work/community; indoor/outdoor, land/water) 
and contexts (e.g. leisure, transportation, occupation, household). Moreover, the 
guidelines highlight that adults should limit long periods of SB and should practice 
healthy sleep hygiene. For adults, a healthy 24-hours includes; (1) PA (150 minutes 
per week of moderate to vigorous aerobic PA, twice a week of muscle strength and 
several hours of light PA, including standing); (2) sleep (7–9 hours of good quality 
sleep); (3) SB (limited to 8 hours or less, no more than 3 hours’ recreation screen 
time and breaking up long periods of SB as often as possible. Also, the guidelines 
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suggest replacing SB with additional PA and trading light PA for more moderate to 
vigorous PA. The difference in the guidelines for older adults regards the addition of 
PA, beyond the adult recommendation, that addresses balance [55].

The breakthrough of the Canadian 24-Hour Movement Guidelines was that, for 
the first time, guidelines identify specific threshold values for daily SB and recre-
ational screen time. The value was based on meta-analyses which suggested that the 
risk of all-cause mortality increased more rapidly above the threshold value range 
from 7 to 9.5 h/day for daily SB [1, 57]. Self-reported measures had a lower thresh-
old when compared to device-based measures of SB. Concerning screen-based SB 
studies, there was a variety of thresholds that increased the risk of all-cause mortal-
ity (i.e., 3 h/day [57, 58], 3.5 h/day [1], and 4 h/day of TV viewing [59]). The authors 
found that it would be impractical to provide a range of thresholds, indicating that 
8 h/day of SB and 3 h/day of TV viewing would be most appropriate.

Before these guidelines, in 2017, Canada had already developed 24-h movement 
guidelines for early years (0–4 years) [11] and children and youth (5–17 years) [15]. 
Other countries also follow the same principle, and have presented 24-h movement 
guidelines for children up to 5 years of age, including Australia [60], New Zealand 
[61], and South Africa [62]. In 2019, the WHO presented similar recommendations 
for 24-hour PA, sedentary behaviour, and sleep for children under the age of 5 [63].

6. Conclusion

In our technological society, people progressively change their behaviour, 
increasing the time spent in activities with low energy expenditure. This change 
in behaviour has had a significant impact on public health. Currently, studies 
have associated excessive SB with adverse health outcomes. Therefore, to better 
comprehend the relationship between health outcomes and sedentary behaviour, 
and to make advancements in this field, it is essential to present a standardised 
operational definition of SB and related terms. The Sedentary Behaviour Research 
Network (SBRN) coordinated a comprehensive effort to develop further consensus 
definitions for terms related to SB. We have presented, in a table, a summary of this 
information. The standardisation of research, in the SB field, is vital.

It is critical to understand which factors influence SB among children, adoles-
cents, adults, and older adults. The ecological model of SB presents an approach 
that considers multiple levels of influences, while addressing four main domains 
in which SB can occur (each sharing similar characteristics). These domains are: 
leisure, household, transport, and occupation. Research in the SB field must con-
sider individual factors, and their interaction with environmental factors, in each of 
these domains (and for each age group).

This chapter provided data from current studies that investigated the associa-
tion between SB and different health outcomes, such as: health-related quality of 
life, brain health, cognitive function, depression, musculoskeletal pain, accidents 
and injuries, biomarkers of cardiometabolic risk, and body composition. Beyond 
that, we discussed SB’s association with all-cause mortality, while considering such 
elements as total time, bouts, frequency, and intensity.

Finally, we presented the World Health Organisation guidelines regarding PA 
in association with SB. The last guidelines, from 2020, did not provide a threshold 
of SB, but national ones, from Canada, provided guidelines based on the 24-hour 
model, dividing the recommendation into PA, sleep and SB, while offering, for the 
first time, a specific time-limit for SB and screen recreation time.

With this current information, we expect to help researchers to make advance-
ments in the SB field. More studies are needed, not only to provide specific 
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guidelines considering the bouts, frequency, and intensity of SB, but also to better 
understand the association between SB bouts and all-cause mortality. Experimental 
studies are needed on: the dose–response relationships and underlying mechanisms 
of SB and health outcomes, the feasibility of changing prolonged sedentary time, 
how best to promote maintenance of the relevant SB changes, and the health 
benefits to be realised.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 2

Methods of Assessing Sedentary 
Behaviour
Priscila Marconcin, Pedro B. Júdice, Gerson Ferrari, 
André Werneck and Adilson Marques

Abstract

Increasing amounts of time spent in sedentary behaviour (SB), during occupation 
or recreation activities, is considered a global health problem. SB has been associated 
with several non-communicable diseases and all-cause mortality. Thus, it is essential 
to assess SB through the most accurate and suitable measurement tools. This chapter 
presents an overview of different methods for assessing SB and highlights the impor-
tance of determining the best measurement tool. In choosing an appropriate and 
accurate method, it is relevant to consider multiple factors, such as population charac-
teristics, context, validity and reliability of measurement tools, and potential research 
and participant burdens. Subjective measurements, such as self-reported question-
naires, are widely used in epidemiologic studies because they are easy to administer at 
low cost. However, there is a large variety of questionnaires, which makes it difficult 
to select a single questionnaire to assess SB. Device-based measurements are more 
accurate for assessing SB as well as determining bouts and breaks. Both methods pres-
ent strengths and limitations, and when possible, researchers should use a combina-
tion of device-based and subjective methods to improve SB assessment.

Keywords: sitting time, sedentary time, measurement, wearables, self-reported 
questionnaires

1. Introduction

When James A. Levine1 said for the first time “sitting is the new smoking,” his 
statement seemed to be dramatic and exaggerated. Still, building evidence contrib-
uted to show that he was not entirely wrong. Sedentary behaviour (SB) is systemati-
cally associated with numerous health issues, such as prostate cancer [1], breast 
cancer [2], mental health [3, 4], diabetes, cardiovascular disease [5], and obesity 
[6]. In addition, SB is associated with all-cause mortality. There is still discussion 
about whether moderate-to-vigorous physical activity (MVPA) can counteract the 

1 James A. Levine is the co-director of the Mayo Clinic/Arizona State University Obesity Solutions 
Initiative and the inventor of the treadmill desk. He has published more than 100 scientific papers, 
worked on dozens of corporate programs, and served as an advisor for schools on how to make the 
classroom a more active place. He is the author of Get Up! He won the Invention of the Year Award from 
NASA, the Platinum Award at the World Fair, and Entrepreneur of the Year in the state of Minnesota. His 
work has been featured on Rock Center, 60 Minutes, BBC, and all major network US morning shows, as 
well as in The New York Times and The Times of London. https://us.macmillan.com/author/jamesalevine/
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deleterious effects of SB. However, some investigations show that MVPA and SB are 
two independent risk factors for mortality rates [7, 8].

The World Health Organisation (WHO) recently updated physical activity (PA) 
guidelines, considering the minimum amount required to prevent health risks. The 
recommendations are specific for children, adolescents, adults, and older adults. 
In addition, subpopulations such as pregnant and postpartum women and people 
living with chronic conditions or disabilities are included in these new guidelines. 
For the first time, beyond PA, SB was taken into consideration [9]. Even though SB 
risk is cited in the PA guidelines, a threshold value is yet to be provided. The WHO 
points out the importance of periodically reviewing the existing global and national 
instruments for assessing PA and SB [9]. Therefore, it is essential to accurately 
measure SB to better understand its role in health outcomes and provide accurate 
data to update public health guidelines.

SB manifests in different domains (e.g. leisure time, work, transport) and as dif-
ferent types (e.g. working on the computer, watching TV, and playing video games), 
making it difficult to assess all forms of SB simultaneously. Thus, a clear definition of SB 
must be provided. In this sense, the Sedentary Behaviour Research Network defined SB 
as any waking behaviour with energy expenditure ≤1.5 metabolic equivalents (METs) 
while in a sitting, reclining, or lying posture [10]. Figure 1 is an interactive figure of the 
final conceptual model of movement-based terminology arranged around 24 h [10].

Figure 1. 
The conceptual model of movement-based terminology arranged around a 24-h period. The movements 
are divided into two components. The inner ring represents the main behaviour categories using energy 
expenditure. The outer ring provides general categories using posture. Source: www.sedentarybehaviour.org/
sbrn-terminology-consensus-project/ [10].
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Meanwhile, it is quite difficult to adequately assess SB. What parameters of SB 
should be assessed? Descriptive parameters of SB used frequently are duration, 
frequency, intensity, and context domains (e.g. leisure, work, transport) [11]. For 
accurately assessing SB, one must consider not only energy expenditure but also 
body posture. There is a relatively small absolute difference in energy expenditure 
between sitting and standing posture, confusing interpretation of the data [12, 13]. 
Studies show that time spent in continuous prolonged bouts of SB may have the 
worst health consequence [14–19] and that assessing SB accumulation patterns is 
paramount.

Device-based measures or subjective methods can assess SB. Both present 
strengths and limitations that must be considered according to the purpose of the 
assessment. Figure 2 summarises the two types of methods and the potential cost 
and sample size of each. Device-based methods have the greatest validity and are 
the gold standard for assessing total SB and patterns of SB accumulation. However, 
these methods alone cannot provide contextual details such as the type of SB, 
with whom the participant is engaging in the SB, or whether the participant is 
multi-tasking. Subjective methods, such as self-report questionnaires, give detailed 
information about the task but are subject to measurement error and response bias. 
The authors believe that the key to choosing the best assessment approach is to 
consider the research question and the aim of the study. In this sense, this chapter 
presents the different methods to assess SB and guides the reader in choosing the 
appropriate one.

2. Objective methods to assess sedentary behaviour

Table 1 presents an overview of the main objective methods of assessing SB.

Figure 2. 
Flow chart of different methods to assess SB.



Sedentary Behaviour - A Contemporary View

22

2.1 Direct observation

Direct observation is the gold standard and the most basic method to assess SB. 
The method consists of two or three trained specialists observing the participant 
during the timeframe of interest and recording all behaviours and categorising 
them according to a predetermined list [20]. Table 2 shows the direct observation 
details.

2.2 Device-based methods

2.2.1 Methodological considerations

2.2.1.1 Continuously worn devices

Nowadays, it is common for individuals to wear monitoring devices 24 hours 
per day. Participant compliance is substantially greater with these devices because 
they do not have to remember to put the device back on after a period of removal. 
In addition, the risk of bias is reduced when compared to traditionally wearing the 
devices only while awake. By wearing the devices for 24 h, participants may simply 
forget that they are using the devices, which can reduce the effect of increasing the 
usual PA levels.

2.2.1.2 Minimal criteria for having valid data

The protocols are distinct according to the population studied and the device 
used. For accelerometers, it is common to adopt ≥10 h/day on at least 4 days, 
including at least one weekend day [22].

2.2.1.3 Acceleration and postural standpoint

It is important to distinguish between “true” SB and other behaviours, such as 
sleep or non-wear time. To minimise this issue some alternatives are presented: 
manual evaluations, participant diaries, and automated algorithms.

2.2.1.4 Participants’ adherence

It is essential to stimulate the participant to adhere to the assessment. In this 
sense, it is important to consider the practice to wear and how discreet the device 

Designation Strengths Limitations

• To validate novel SB 
techniques, such as device-
based motion sensors

• To assess SB in par-
ticular sub-population (e.g. 
Alzheimer’s patients)

• Low equipment requirement

• Describe with detail the context 
(activity, posture, breaks in SB) 
and distinguish the postures (e.g. 
chair-sitting, ground-sitting, 
kneeling, and squatting)

• High validity and reliability

• Depends on intra- and inter-
rater reliability

• Quite inconvenient for all 
those involved

• The participant can change 
their routine, reducing 
ecological validity

• Feasible only with limited 
sample size, space, and time

Table 1. 
Direct observation: designation, strengths, and limitations.
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is. For example, the wrist-worn GENEActiv and Axivity accelerometer devices 
resemble sport watches, whereas the ActiGraph device is larger and bright red, 
which may make it less appealing to participants. The activPAL inclinometer is gen-
erally inconspicuous on the thigh. Despite common protocols, most of these devices 
can be positioned in different places, such as on the thigh, potentially increasing the 
accuracy in measuring SB [23].

2.2.2 Research-based

2.2.2.1 Accelerometers and inclinometers

An accelerometer is a tool that measures the frequency and amplitude of accel-
eration (counts) of the body in three orthogonal planes (anteroposterior, medio-
lateral, and vertical) [24]. Time in SB is assessed by two different ways to detect 
body posture (standing, sitting, or lying): (1) posture by tri-axial sensors using 
gravitational components or (2) spinal curvature by three uni-axial gyroscopes 
orthogonally aligned [11]. Alternatively, posture monitors (i.e. inclinometers) 

Characteristics Accelerometers Inclinometers HR monitoring 
and combined 
HR and 
movement 
monitoring

Multi-sensor 
monitors

Validity Medium to high 
(depending on 
the processing 
method)

Very high (≥95% 
agreement with 
direct observation)

Low Low (correlation 
between 
activPAL and 
SenseWear: 
r = 0.37 (95% CI 
0.13, 0.56)

Reliability Very high Very high (inter-
device reliability 
>0.99)

Very high Very high

Participant and 
research burden

Moderate Moderate Participant—
low/
moderate
Researcher—
moderate/
high

Participant—
potentially high
Researcher—
moderate/
high

Cost Moderate High High High

Strength(s) A substantial 
literature on 
application and 
analysis.

Able to distinguish 
sitting/standing, 
small and discreet 
underneath 
clothing, possibility 
for continuous 24-h 
wear protocol

Combined 
movement and 
physiological 
data aid the 
identification of 
monitor wear 
time

Able to identify 
behaviour mode/
type

Limitation(s) No consensus 
regarding data 
processing

Validation studies 
in free-living 
conditions lacking
Adhesive can 
irritate the wearer’s 
skin

Formal 
validation 
studies lacking

Untested in large-
scale research 
settings

Table 2. 
Overview of the main device-based methods to assess SB (adapted by Atkin et al. [21] and Aunger and 
Wagnild [20]).
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seek to distinguish standing, sitting/lying, or sleep/no wear. Considering the 
definition of SB [10], posture monitors can measure a closer behaviour to SB than 
accelerometers, and previous studies reported greater agreement for inclinom-
eters with direct observation than accelerometers [25–27]. Although accelerom-
eters are suitable for the fast movement of body segments [28], they are usually 
used to assess SB in free-living contexts. In addition, they can assess specific 
segments of the day, such as after school or after work. It is a common method 
used in epidemiological studies to access PA with the periods of non-movement 
being interpreted as SB.

Sedentary time has been determined as <100 counts per minute (cpm) on the 
waist [23] or <1853 cpm on the non-dominant wrist [29].

Accelerometers can be used to detect short breaks in SB. The key issues in the 
use of accelerometry are the lack of consensus regarding the most appropriate 
data-processing protocol, limiting comparability between studies and hindering 
evidence synthesis [21]. For example, the choice of cut-points to distinguish physi-
cal behaviours, the allowance or not of momentary interruptions (i.e. seconds) in 
sedentary bouts, the minimal amount of time to be considered a break in SB, the 
application of different filters that change the sensitivity of the data, or simply the 
epoch choice will significantly impact the results and limit comparability among 
different studies.

There are important considerations regarding the agreement and comparabil-
ity of SB measurements from accelerometers and inclinometers. Different studies 
tested the agreement between SB measured through accelerometers and inclinom-
eters and found that accelerometer-based measures of SB can be overestimated, 
especially in short bouts [30–34]. The overestimation of SB by accelerometers is, in 
general, low, but this bias can influence the findings of interventions [30]. However, 
there are potential differences according to placement site. In this sense, a recent 
investigation examined the agreement between two accelerometers (Actigraph 
GT3x and Axivity AX3) with the activPAL inclinometer, all placed on the thigh, 
and found an elevated agreement for sitting time [35].

Accelerometers are generally unobtrusive to wear, quite small, and consume low 
battery. However, there is reactivity in the use of devices; in other words, the use of 
a device can change the behaviour, stimulating the practice of PA and/or reducing 
SB time [36]. In addition, there is an intrinsic error of estimation as accelerometers’ 
estimations (used on the hip or wrist) are based on accelerations and not posture. 
Consequently, some motionless standing activities can be erroneously classified 
as SB. Although these devices are very practicable to use in the field, the costs and 
operationalisation of device-based methods can be a limitation in large population-
based studies, especially in middle- and low-income countries.

2.2.2.2 Heart rate monitoring and combined heart rate and movement monitoring

Heart rate (HR) monitoring is the oldest and most recognised method for 
assessing PA. It estimates the total energy expenditure or time spent at higher PA 
intensities. HR monitoring uses two different types of technology: the electrical 
signal (chest belt) and optical sensor (wristwatch or armband) [37]. These sensors 
are cheap, discrete, and comfortable. The measure is based on the individually cali-
brated thresholds that differentiate rest from higher-intensity movement (flex-HR 
method). SB is estimated as daily time spent below the flex-HR threshold.

The relationship between HR and energy expenditure is not linear for the 
high intensity of PA or at rest and low intensity [38]. Moreover, a similar HR may 
represent different internal intensities depending on participant age or fitness level, 
which is another limitation of using HR solely to estimate PA.
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The validity of HR to characterise PA intensity is low when low-intensity move-
ment is aimed. This measure of SB generally has high specificity but low sensitivity 
[21]. Devices that combine HR and accelerometry are available. This makes possible 
the evaluation of non-movement periods, although in practice these devices have 
demonstrated poor validity for measuring SB [34].

2.2.2.3 Multi-sensor monitors

Multi-sensor monitors combine accelerometers and physiological sensors 
(e.g. heat flux, skin temperature). Examples of this type of monitor include the 
SenseWear Armband and the Intelligent Device for Energy Expenditure and 
Physical Activity (IDEEA). Their utility in epidemiological domains is unknown, 
but has been examined in clinical settings [39]. Usually, these devices use multiple 
sensors attached to various points of the body. The accuracy of these devices was 
examined in controlled settings, however, the validity and feasibility under free-
living conditions have not been extensively tested [21, 40]. These devices are valu-
able as criterion measures in validating other SB measurement tools but not a good 
alternative in free-living conditions, as they entail a burden to the participant.

2.2.2.4 Global positioning system (GPS)

The global positioning system (GPS) is the gold-standard, device-based measure 
to derive location-based data (latitude and longitude) from individuals. It is useful 
to understand the relationship between varied contexts and active living [41]. In 
addition, some GPS systems deliver information regarding speed, elevation, and 
indoor-outdoor activities [11]. However, GPS presents some limitations in assessing 
indoor activities, especially in tall buildings with small windows. Recent smart-
phones and smartwatches are equipped with all the mentioned sensors.

2.2.3 Commercial

A wide range of technical specifications is available from wearables. Overall, 
commercial, wearable devices are small and unobtrusive devices attached and initi-
ated by the users. Acknowledging some differences in the type of sensor embedded 
in the wearable, the devices usually assess and provide output parameters of general 
PA and inactivity, energy expenditure, posture, and body movement [42]. The issue 
with these commercial devices is that the algorithms behind the generated out-
comes are never provided to the user, which does not allow a further understanding 
of how exactly the outcomes are determined.

2.2.3.1 Wearable cameras

These instruments combine device-based measures about the time spent in SB 
or PA with information about the context and activity. This is especially useful to 
identify the combined behaviour, for example, watching TV while eating. Although 
they seem like an ideal method, wearable cameras present ethical/privacy issues 
that have to do with obtaining consent from third parties to capture images [20].

2.2.3.2 Smartwatches and smartphones

Smartwatches have the potential to help health care by supporting/evaluating 
health in everyday living. Among other functions, smartwatches can assess SB. 
Generally, smartwatches tend to underestimate energy expenditure compared to 
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laboratory reference measurements [11]. Due to the ease of access, smartphones 
are a good alternative to smartwatches or other wearable devices. Currently, 
smartphones can combine many sensors, such as GPS or Global Navigation Satellite 
Systems (GLONASS), accelerometers, e-compasses, gyroscopes, proximity sensors, 
or ambient light sensors [43]. However, the problem is that people not always have 
their smartphones, so many activities may be missed, which can create bias.

3. Subjective measurements of SB

Table 3 presents an overview of the main subjective methods to assess SB.

3.1 Self-reported questionnaires

Questionnaires are the most popular method to assess SB, but they depend on 
participant ability to recall. They are mostly used in epidemiologic studies due to 
their low cost and ease of use, both for researchers and participants. Questionnaires 
can assess multiple domains of SB, such as duration, frequency, context (e.g. 
leisure, work, transport), and time of recall (e.g. last week, over the last month). 
Questionnaires that seek to assess habitual levels of SB are susceptible to random 
and systematic reporting errors. These tools vary from single-item questions (some-
times asked separately for weekends and weekdays) to extensive questionnaires 
about SB considering various behaviours or domains. In addition, the assessment 
can be conducted via different methods, such as on paper, on a computer, or face to 
face, which impacts the response quality [20].

3.1.1 Single-item questionnaires

Participants should report their SB retrospectively. The most used questionnaire 
is the International Physical Activity Questionnaire (IPAQ ) Short Form, which 
asks: “During the last 7 days, how much time did you spend sitting on a weekday?” 
[44] Participants should report the answer in hours and minutes per day. However, 
this kind of assessment has been demonstrated to underestimate SB. Those ques-
tionnaires are subject to social desirability bias or simply reflect the difficulty that 
participants have in recalling their SB [45, 46]. In large scale, the one-item question-
naire may be preferred, as it showed similar validity and reliability compared to lon-
ger questionnaires [47]. If possible, however, researchers must choose multi-item 
questionnaires to obtain more detailed information, not simply one metric for SB.

3.1.2 Domain-based questionnaires

Domain-based questionnaires ask about specific SB types and estimate total SB 
by the sum of the time spent in each SB. One example is the Sedentary Behaviour 
Questionnaire (SBQ ), which asks about the time spent in nine SB types (e.g. 
watching tv, playing games, and seven others) [48]. The composite measure of SB 
tends to produce more accurate estimates of total SB than single-item recalls. The 
problem with these questionnaires is they tend to erroneously exceed the SB time 
when considering multi-tasks. For example, the individual listens to music while 
using the computer and considers the time of these two activities separately instead 
of considering a single task (the main one).

The domain-based questionnaires can also ask about specific domains of SB, and 
in these cases, the validity is usually high [49, 50]. But one must understand that 
this is a good metric for a single behavior but does not inform about the overall SB. 
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Another relevant point is that one must use the entire validated questionnaire and 
not simply use just one question of a valid questionnaire, which will lose valida-
tion. Finally, considering that people tend to underestimate SB, and some may 
not understand the true meaning of the term “sedentary behaviour” due to lack of 
literacy, these domain-based questionnaires help people to easily identify the time 
spent in these pursuits, so in this sense they represent an advantage.

3.2 Previous-day recall

Through a semi-structured interview, participants should report in a chrono-
logical format the time spent in SB. Activities must last more than 5 minutes to 
be recorded. Previous-day recall presents a strong correlation (ρ > 0.75) with 
activPAL-measured SB [51, 52]. The biggest limitation of this method is that the 
previous day may not necessarily be a typical day, thus not representing the typical 
SB of a participant.

3.3 Diaries and ecological momentary assessments

In diaries, participants must report their daily activities throughout the day. The 
problem is that if they forget to fill out the questionnaire, they may do it at the end 
of the day as a retrospective report, which entails more error. The Bouchard Activity 
Record showed a strong correlation with activPAL-measured SB [53].

Ecological momentary assessment (EMA) is also a prospective record; the dif-
ference is that several prompts are sent throughout the day for participants to report 
their current behaviour. The advantage is that it allows collecting other contextual 
information, for example, where the participant is carrying out the behaviour and 
with whom. Both are subject to participants changing their behaviour in response to 
being monitored. The validity is low, with a weak correlation compared to activPAL 
[54]. However, EMA showed better correlation and agreement to accelerometer 
estimates than traditional self-report methods [55].

3.4 Proxy-report methods

Proxy-report methods are useful when participants present some difficulties 
reporting their behaviours. This occurs with children and adults with cognitive inca-
pacity, so proxy reporting by a third party (usually a parent) can be a good alterna-
tive [56]. Proxy-report can be a single-item questionnaire, a diary, or domain-based 
technique [20]. A systematic review evaluated the reliability and validity of proxy-
report methods to assess SB and the results indicate that this measure has acceptable 
validity (less than 5% of data outside the limits of agreement) [57].

4. Combined device-based and subjective methods

The complexity of SB necessitates more integrated and comprehensive assess-
ment techniques that assess multiple aspects of SB. Device-based methods provide 
a way to quantify time spent in SB, energy expenditure, position, and other physi-
ological signals but do not inform about contextual features of SB and the type 
of behaviour that is being partaken. Alternatively, reported methods provide a 
way to understand the domain, the context, and type of SB. Still, their validity 
is necessarily lower, as they depend on people’s memory and perception. Each 
method provides unique information, thus neither method alone provides complete 
information.
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In this sense, device-based and subjective methods are potentially comple-
mentary, once they capture different aspects of SB. The limitation of one 
method can be met to some degree by the strength of the other. Whenever 
feasible, the combination of device-based and subjective assessments will 
provide the most valid and reliable method to assess SB [47]. The most power-
ful and useful data collection approach of SB is to integrate the use of reported 
and device-based methods [56]. For example, HR monitors or accelerometer 
monitors can be linked wirelessly, with ecological assessment applications on 
smartphones, and at the same time assess both reported context and perception 
of SB as well as movement characteristics or physiologic indicators of SB [56] 
(Table 4).

Questionnaire Summary

Bouchard 
Physical Activity 
Questionnaire

A 3-day activity record (including a weekend day). Every 15-min period, participant 
should report the main activity performed and quantify in terms of energy cost on a 1–9 
scale corresponding to a range of 1.0–7.8 METs and higher. Intraclass correlation of 0.96

Previous-Day 
Recall of Active 
and Sedentary 
Behaviours

Participants should report chronologically through the previous day (midnight 
to midnight) their behaviour using a semi-structured interview. Validation study 
concluded that: correlations between the PDR and the activPAL were high, systematic 
reporting errors were low, and the validity of the PDR was comparable with the ActiGraph.
More information: https://pubmed.ncbi.nlm.nih.gov/23863547/

International 
Physical Activity 
Questionnaire 
(IPAQ )

Participants should report the time spent on different sedentary behaviours. The 
questionnaire also can be administered over the phone and is available as a short- or 
long-form and in more than twenty languages/dialects.

Marshall Sitting 
Questionnaire

A domain-specific sitting questionnaire. Five items assess time (hours and minutes) 
spent in five different sitting domains.
Validation study concluded that: reliability coefficients were high for a weekday sitting 
time at work, watching television, and using a computer at home (r = 0.84–0.78) but lower 
for weekend days across all domains (r = 0.23–0.74). Validity coefficients were highest for 
weekday sitting at work and using a computer at home (r = 0.69–0.74). With the exception 
of computer use and watching television for women, the validity of the weekend-day sitting 
time items was low.
More information: https://pubmed.ncbi.nlm.nih.gov/19997030/

Sedentary Time 
Questionnaire 
(SIT-Q )

Asks about the amount of time spent sitting or lying down in different settings over the 
last 7 days.
Validation study concluded that: ICCs for test–retest reliability ranged from 0.31 for 
leisure-time computer use to 0.86 for occupational sitting. Total daily sitting demonstrated 
substantial correlation (ICC = 0.65, 95% CI: 0.49, 0.78).
More information: https://www.sedentarybehaviour.org/wp-content/uploads/2013/12/
Lynch-Friedenreich-Khandwala-et-al-2014-2.pdf

The Sedentary 
Behaviour 
Questionnaire 
(SBQ )

Assesses the amount of time spent on nine different behaviours.
The validation study concluded that: ICCs were acceptable for all items and the total scale 
(range = .51–.93).
More information: https://pubmed.ncbi.nlm.nih.gov/21088299/

The Adolescent 
Sedentary 
Activity 
Questionnaire 
(ASAQ )

Designed for adolescents. Asks for information regarding different activities: watching 
television/videos/DVDs, using computers, e-games and e-communication, studying, 
reading, sitting with friends, using the telephone, listening to or playing music, 
motorised travel, hobbies and crafts, all performed out of school hours.
Validation study concluded that: test–retest correlations for time total spent in sedentary 
behaviour were ≥ 0.70, except for Grade 6 boys (Intraclass correlation coefficient 
(ICC) = 0.57, 95%CI: 0.25, 0.76). Repeatability was generally higher on weekdays 
compared with weekend days. ICC values for travel and social activities tended to be lower 
than for the other categories of sedentary behaviour.
More information: https://journals.humankinetics.com/view/journals/jpah/7/6/
article-p697.xml
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Questionnaire Summary

Rapid 
Assessment 
Disuse Index 
(RADI)

A questionnaire designed for primary care patients.
Validation study concluded that: RADI was temporally stable (intraclass correlation 
coefficients 0.79), and a higher score was significantly correlated with greater sedentary time 
(ρ = 0.40; p < 0.01), fewer sedentary to active transitions (ρ = −0.42; p < 0.01), and less 
light-intensity physical activity (ρ = −0.40; p < 0.01). The ability of RADI to detect patients 
with high levels of sedentary time was fair (AUC = 0.72).
More information: https://bjsm.bmj.com/content/48/3/250.abstract

Measure of 
Older Adults’ 
Sedentary Time 
(MOST)

A questionnaire designed to assess time spent on behaviours common among older 
adults.
Validation study concluded that: test–retest reliability was excellent for television viewing 
time (ρ (95% CI) = 0.78 (0.63–0.89)), computer use (ρ (95% CI) = 0.90 (0.83–0.94)), 
and reading (ρ (95% CI) = 0.77 (0.62–0.86)); acceptable for hobbies (ρ (95% CI) = 0.61 
(0.39–0.76)); and poor for socialising and transport (ρ < 0.45). Total sedentary time had 
acceptable test–retest reliability (ρ (95% CI) = 0.52 (0.27–0.70)) and validity (ρ (95% 
CI) = 0.30 (0.02–0.54)). Self-report total sedentary time was similarly responsive to change 
(RS = 0.47) as accelerometer-derived sedentary time (RS = 0.39).
More information: https://pubmed.ncbi.nlm.nih.gov/21448077/

Past-day Adults’ 
Sedentary Time 
(PAST)

A seven-item questionnaire about time spent sitting/lying on the previous day for work, 
transport, television viewing, nonwork computer use, reading, hobbies, and other 
purposes (summed for total sedentary time).
Validation study concluded that: the PAST had fair to good test–retest reliability (intraclass 
correlation coefficient = 0.50, 95% confidence interval [CI] = 0.32–0.64). At baseline, the 
correlation between PAST and activPAL sit/lie time was r = 0.57 (95% CI = 0.39–0.71). 
The mean difference between PAST at baseline and retest was − 25 min (5.2%), 95% limits 
of agreement = −5.9 to 5.0 h, and the activPAL sit/lie time was − 9 min (1.8%), 95% limits 
of agreement = −4.9 to 4.6 h. The PAST showed small but significant responsiveness (−0.44, 
95% CI = −0.92 to −0.04); responsiveness of activPAL sit/lie time was not significant.
More information: https://pubmed.ncbi.nlm.nih.gov/23274615/

LASA Sedentary 
Behaviour 
Questionnaire

A 10-item questionnaire to assess total sedentary time in older adults.
Validation study concluded that: mean total self-reported sedentary time was 10.4 (SD 
3.5) h/d and was not significantly different from mean total device-based sedentary time 
(10.2 (1.2) h/d, p = 0.63). Total self-reported sedentary time on an average day (sum often 
activities) correlated moderately (Spearman’s r = 0.35, p < 0.01) with total device-based 
sedentary time. The correlation improved when using the sum of six activities (r = 0.46, 
p < 0.01), and was much higher than when using TV watching only (r = 0.22, p = 0.05). 
The test–retest reliability of the sum of six sedentary activities was 0.71 (95% CI 0.57–0.81).
More information: https://bmcgeriatr.biomedcentral.com/track/pdf/10.1186/1471-
2318-13-80.pdf

Occupational 
Sitting and 
Physical Activity 
Questionnaire 
(OSPAQ )

A questionnaire for estimating time spent sitting and standing at work.
Validation study concluded that: the test–retest intraclass correlation coefficients for 
occupational sitting, standing, and walking for OSPAQ ranged from 0.73 to 0.90, while 
that for the modified MOSPA-Q [a separate questionnaire] ranged from 0.54 to 0.89. 
Comparison of sitting measures with accelerometers showed higher Spearman correlations 
for the OSPAQ (r = 0.65) than for the modified MOSPA-Q (r = 0.52). Criterion validity 
correlations for occupational standing and walking measures were comparable for both 
instruments with accelerometers (standing:r = 0.49; walking:r = 0.27–0.29).
More information: https://pubmed.ncbi.nlm.nih.gov/21659903/

NIGHTLY-
WEEK-U 
(adapted from 
the Past-day 
Adults’ 
Sedentary 
Time-University 
(PAST-U))

Adapted from the Past-day Adults’ Sedentary Time-University (PAST-U): the PAST-
WEEK-U and the NIGHTLY-WEEK-U.
Validation study concluded that: the average sedentary time (ST) captured using the 
NIGHTLY-WEEK-U was 0.21 h lower than the criterion measure activPAL4™ (i.e., 10.50 
vs 10.29 h per day), with a 95% limit of agreement ranging from −1.75 to 2.17 h. The 
NIGHTLY-WEEK-U provides a superior measure of ST compared with the PAST-WEEK-U 
and potentially other weekly measures of ST.
More information: https://onlinelibrary.wiley.com/doi/full/10.1002/tsm2.123

Available: /www.sedentarybehaviour.org/sedentary-behaviour-questionnaires/).

Table 4. 
Validated questionnaires for sedentary behaviour (based on sedentary behaviour research network).
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5. Conclusion

Accurate methods to assess SB are essential to promote a more comprehensive 
advantage in the epidemiological field. In this chapter, we described the vari-
ous methods of measuring SB and highlighted their limitations and strengths. 
Assessment of SB by subjective methods is limited by the ubiquitous nature of the 
SB and therefore difficult to recall. However, questionnaires are the most practical 
and economical means for large samples. Alternatively, device-based measurements 
extinguish the possibility of recall bias or subjective overestimation/underestima-
tion depending on the population group and even acknowledging some limitations. 
They provide more accurate and reliable information on posture, movement (or 
lack of movement), and accumulation patterns.

To select the most suitable method to assess SB and correctly interpret the 
measures obtained, researchers must consider the aim of assessment, SB constructs 
of interest, time factors, and the characteristics and size of the population to be 
investigated.
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Chapter 3

The Application of EMG-Based 
Methods in Evaluating the Impact 
of Prolonged Sitting on People’s 
Health
Bochen Jia

Abstract

This chapter demonstrates a practical application of electromyography (EMG) 
technology in assessing the potential negative impacts of new trends (i.e., prolonged 
sitting) in life and work on people’s health. With the development of advanced 
technologies, prolonged sitting, have become more frequent at work and in every-
day life. The potential risks associated with prolonged sitting can be assessed by 
evaluating localized muscle states using various EMG-based methods. However, 
due to the unique characteristics of prolonged sitting (i.e., sustained low-load 
condition), there are several challenges in applying traditional EMG methods to 
estimate the prolonged sitting related risks. Therefore, from the following aspects, 
this chapter discusses the potential applications and challenges of using surface 
EMG-based methods in identifying the effects of prolonged sitting: (1) what are the 
unique characteristics of the task conditions involved in prolonged sitting; (2) what 
are the available EMG-based methods; and (3) the advantage and disadvantage of 
each method in evaluating the impacts of prolonged sitting on people’s health;

Keywords: muscle fatigue, prolonged sitting, low Back pain, EMG, muscle 
stimulation

1. Introduction

Electromyography (EMG) is an electrodiagnostic technique for assessing the 
contractile activity produced by skeletal muscles. Through electrodes placed on 
top of the skin’s surface, surface EMG signals can detect neuromuscular states and 
abnormalities, muscle contraction levels, muscle recruitment order, and disorders 
of motor control and can estimate muscle forces and human movement.

By understanding the muscle state via EMG, the impacts of modern lifestyles and 
work conditions on the human musculoskeletal system that could lead to potential 
injuries and illnesses, such as low back pain (LBP), may be identified. LBP is one 
of the most common societal health problems, causing day away from works, high 
health services cost, and considerable disability. LBP is one of the leading factors 
that cause injuries and disability among those under 43 years old [1]. More than 38% 
of work-related musculoskeletal disorders can be linked to back disorders each year, 
with a total of 134,550 cases reported in the United States in 2016 [1].
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As a new trend in both modern living and contemporary work, sedentary 
behaviors have become more and more prevalent. Prolonged sitting as a form 
of sedentary behavior presents emerging health risks in both occupational and 
non-occupational settings [2]. Sitting is commonly considered a critical ergonomic 
exposure related to LBP [3, 4]. Recent research has found that muscle activation 
levels around the lumbar area increase over time during sitting [5, 6] and cause 
higher levels of muscle co-contractions [7], which have been shown to positively 
correlate to the development of low back pain [6, 7].

During the sitting, postural muscles, such as trunk extensors, are required to 
stabilize the sitting posture via sustained contractions, which, however, usually 
require very low levels of muscle contractions (<10% of maximal muscle capacity) 
[8, 9]. However, after a long exposure duration, seated posture could block muscle 
oxygenation and blood flow [10], cause lumbar muscle fatigue, increase intradiscal 
loads, and further contribute to the development of LBP [11, 12]. Therefore, even 
though the muscle contraction level during sitting is low, the sustained contractions 
may cause above mentioned issues even after a continuous duration only greater 
than 20 minutes [13, 14]. After a long period of sitting (i.e., >90 min), EMG median 
power frequency has also been observed to shift to the lower frequencies [15, 16]. 
Even though there is evidence that EMG can measure muscle fatigue caused by 
sitting, it is generally believed that 15% of muscle contraction level (compared 
to maximum muscle contraction capacity) is required to detect and distinguish 
fatigue-induced EMG changes from noises [21]. Both lowered EMG median 
frequency and increased EMG amplitudes under consistent workloads are gener-
ally considered a sign of muscle fatigue [15]. However, such methods may lead to 
conflicting results when detecting muscle fatigue under low-level contractions.

Therefore, EMG-related measurements provide potential paths to reveal the 
underneath mechanisms that link prolonged sitting with LBP. At the same time, 
some potential challenges may affect measurement performance. Therefore, in this 
chapter, using a prolonged sitting experiment as an example, a series of EMG-based 
muscle fatigue measurement methods are discussed with respect to their capabili-
ties and limitations in quantifying the negative impacts of prolonged sitting.

2.  Determining the effects of prolonged sitting using EMG-based muscle 
fatigue measurement methods

2.1 Study design

Six participants [gender balanced, mean age (SD) = 25.1 (3.3) yrs] were 
recruited from the local community to complete a one-hour prolonged seated task. 
As shown in Figure 1, participants were required to sit in a relaxed posture without 
significant in-chair body movements, such as trunk rotation or bending that could 
cause significant off-sagittal plane movement. No use of backrest was allowed to 
minimize potential confounding effects caused by the backrest support on muscle 
activation pattern during the experiment.

During the experiments, participants were asked to conduct a relaxed internet 
browsing task to minimize the potential impacts of high mental workloads on 
muscle activities. The browsing tasks were self-selected with a similar level of 
mental/physical workloads, e.g., participants can choose to browse websites or 
stream videos but cannot play intense games or other high demanding tasks. All 
participants read and signed an informed consent with IRB approval prior to 
participation.
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2.2 EMG data collection and analysis

To understand how muscles support the trunk against the continuous sitting, the 
major muscles around the lumbar spine should be studied. In detail, sixteen muscles 
around the lower lumbar region were studied, which can usually be categorized 
into the trunk flexors group and the trunk extensors group based on the different 
function of each muscle. Trunk flexors are those dominant muscles that drive trunk 
flexion movement, while trunk extensors are those dominant muscles that lead the 
trunk extension movement. Trunk sideways bending and rotation usually are the 
results of the combined muscle activities from trunk flexors and extensors.

The tested trunk flexors group includes internal oblique (IO), external oblique 
(EO), and rectus abdominis (RA). The tested trunk extensors group includes 
iliocostalis lumborum pars lumborum (ILL), iliocostalis lumborum pars thoracis 
(ILT), multifidus (MF), longissimus thoracis pars lumborum (LTL), and longis-
simus thoracis pars thoracis (LTT). Both trunk flexors and extensors can be further 
divided bilaterally into the left side (L) and the right side (R). The deeper trunk 
muscles (e.g., psoas, quadratus lumborum, and transverse abdominis) are not 
included in the analysis due to the fact that such deeper muscles cannot be mea-
sured through surface EMG and do not significantly contribute to lumbar kinetics 
[17]. Each muscle is composed of a group of functional fascicles, each of which has 
distinct insertion, via, and origin points attached to the bone, which represent the 
diverse anatomy within each muscle. The initial insertion, via, and origin points 
are defined as the attach or wrap points where the muscles connect to the bone [18]. 
For these sixteen trunk muscles, there are a total of ninety-two fascicles (EO = 4, 
IO = 12, RA = 4, MF = 24, ILL = 8, ILT = 16, LTL = 10, LTT = 14). Equal contraction 
level is usually assumed among all the fascicles from the same muscle [19]. During 
trunk movement, each fascicle moves differently due to the different insertion, via, 
and origin points positions on the bone. Measured trunk kinematics can be used 
to estimate the line of action and length of each fascicle at each sample instant. So, 
the EMG activity measured from surface EMG devices can be used to describe the 
muscle contraction levels.

Figure 1. 
Illustration of seating device and seated tasks.
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To monitor and collect muscle EMG data over a long period, a high-fidelity 
multimodal EMG system is required to collect reliable data continuously with 
flexible measurement options. A wireless EMG system (Trigno™, Delsys, MA) 
is included in this chapter. The Trigno wireless EMG system supports up to 16 
wireless sensors, which can be used to monitor all 16 muscles simultaneously. 
To maximize the quality of the collected data, skin near the central position 
over the muscle belly (but not directly over motor points) of each target muscle 
was shaved, abrased, and cleaned with a mild alcohol solution to ensure that the 
impedance was lower than 10 KΩ. Electrodes were placed bilaterally over the 
surface of each muscle, as suggested in [20]. Raw EMG single amplitude usually 
ranges from −5000 to 5000 microvolts with frequency ranges between 10 and 
500 Hz, in which most frequency power lies between 20 and 400 Hz. Using the 
Trigno system, raw EMG signals were collected at 2000 Hz, pre-amplified at 
500 gain, and band-pass filtered between 20 and 400 Hz. To further smooth the 
signal, the root-mean-square (RMS) of EMG was calculated using a 200-mil-
liseconds sliding window for the relatively static task, i.e., sitting. Then RMS EMG 
of the same muscle collected bilaterally were averaged since no significant off-
sagittal plane in-chair movements were allowed during the experiment. Collected 
EMG data were furthered analyzed to answer the following questions for a better 
understanding of the impact of the prolonged sitting:

The first question is how much effort the related muscles have to contribute 
continuously to maintaining a seated posture for a prolonged duration. By answering 
this question, the neuromuscular demands required during prolonged seated tasks 
could be determined, and a corresponding ergonomics intervention can be devel-
oped to lower the stress and strain on workers.

To answer this question, the muscles’ contraction levels relative to their maxi-
mum capacity need to be determined. Muscle EMG collected from a maximum 
voluntary contraction (MVC) test can be used as a reference of 100% muscle 
capacity, and muscle EMG measured during a task can be normalized to this refer-
ence to generate the percentage of effort needed to complete the task. The MVC 
values of all sixteen muscles were measured from suggested MVC tests [20, 21]. 
Once the MVC value for each muscle is determined, the muscle EMG during pro-
longed sitting can be converted into the percentage of the MVC value to estimate 
the level of neuromuscular effort needed for the prolonged sitting [22].

As shown in Figure 2, the average muscle activation levels over the entire one 
hour sitting are generally less than 10% MVC. However, unlike other physically 
demanding tasks, the exposure duration in such low load seated tasks is long, 
necessitating a significant amount of time for the muscles to recover from previous 
fatigue [11].

Figure 2. 
Average muscle contraction level (%MVC) over the prolonged seated task.
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The second question is whether there is any muscle fatigue developed during 
prolonged sitting. Muscle fatigue is one of the leading indicators that directly link 
to the development of LBP. Traditionally, both EMG amplitude and EMG median 
frequency show time-domain changes due to muscular fatigue. Therefore, moni-
toring EMG amplitude changes over time during prolonged sitting can estimate 
the level of muscle fatigue development. Using EMG amplitude, muscle fatigue 
is defined as an amplitude increase over time without an increase in the level of 
physical demands.

In this study, EMG amplitudes were continuously collected for one minute, and 
this procedure was repeated every ten minutes. The collected EMG over one minute 
was then averaged to present the general trend at each data collection period during 
prolonged sitting. As shown in Figure 3, EMG amplitude collected from both 
muscle groups, in general, increased toward the end of the sitting period. Both LMF 
and LLTT have a significant increase in measured EMG amplitude. Such an upward 
change trend, however, was not consistent and fluctuated up and down, which 
could further indicate that many moderating factors, such as body movement and 
external forces, could have affected the amplitudes of the collected muscle EMG.

The second indicator is the median power frequency (MPF) of raw EMG 
obtained from the prolonged sitting. Such MPF was calculated over 3-second 
windows. As described above, EMG data were continuously collected for one 
minute every ten minutes, and the mean EMG MPF from each one-minute period 
was calculated and compared. Changes between these mean values were used as a 
predictor of fatigue development in these muscles. Multivariate analysis of variance 
(MANOVA, using Wilks’ Lambda) was used to determine the effects of prolonged 
sitting on all EMG MPFs as a whole. In the event of a significant MANOVA effect, 
univariate ANOVAs were performed to determine which muscle was mostly 
impacted by the prolonged seated task, which was considered significant when 
p < 0.05.

MANOVA results indicated that prolonged sitting (p < 0.01) had significant 
effects on the tested EMG MPFs. As shown in Table 1, subsequent univariate 
ANOVAs indicated that prolonged sitting significantly affected MPFs from some 
of the muscles, which manifested as a declining percentage of EMG MPF: left side 
LILL (16%) and LLTT (18%) muscles and right side RMF (14%) and RIO (8%) 
muscles.

As mentioned above, muscle contraction at 15% MVC or higher is usually 
considered to be the minimal muscle contraction level to detect fatigue-related 

Figure 3. 
An example of EMG amplitude (LMF and LLTT) changes over the one-hour prolonged seated task.
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changes in the EMG signal during different working levels [23]. During low-level 
sustained muscle contractions, inconsistent evidence of fatigue development was 
observed between different muscle groups and across individuals [10]. Therefore, 
the analysis of EMG amplitude and median frequency as a measurement of muscle 
fatigue could lead to unreliable or conflicting results under low-level contractions. 
Existing evidence [11, 24], on the other hand, also illustrates the possibility of using 
traditional EMG methods to quantify muscle fatigue during low-level contractions 
as low as 2% MVC. However, these results were achieved from a relatively short 
duration with large inter-subject variations. Therefore, a sensitive method is needed 
to obtain reliable muscle fatigue measurements under these conditions of low-level 
sustained muscle contractions, i.e., prolonged sitting.

An alternative method to identify muscle fatigue is to combine muscle EMG 
with muscle stimulation technology. In this approach, an electrical stimulation 
pulse is sent to the target muscle to evoke an artificial muscle contraction, and the 
corresponding muscle stimulation response from these artificial contractions can 
be captured through surface EMG and other quantitative methods. In this method, 
muscle fatigue is defined as a significant change of observed muscle stimulation 
responses from the initial pre-fatigue status [25, 26]. Muscle fatigue has been 
identified using a single stimulation frequency [27, 28] or calculated as a decrement 
ratio of stimulation response results from high-frequency (50–100 Hz) and low-
frequency (1–20 Hz) stimulation [26, 29]. While various stimulation frequencies 
have been used, low-frequency stimulation (LFS) usually creates stable stimulation 
responses and fatigue-induced changes [27]. Another benefit of using LFS is that it 
is less likely to cause muscle fatigue, and the level of discomfort is also low [28].

Therefore, in this chapter, a muscle stimulation method was further applied to 
determine the muscle fatigue results from prolonged sitting. All six participants 

Prolonged Sitting

F(1,320) p

EMG Median Frequency LMF 2.16 0.15

LILL 7.65 <0.01

LILT 3.36 0.06

LLTL 3.37 0.88

LLTT 9.16 <0.01

LEO 3.46 0.06

LIO 4.51 0.05

LRA 2.71 0.12

RMF 5.58 0.02

RILL 4.25 0.06

RILT 4.34 0.06

RLTL 3.17 0.08

RLTT 4.02 0.06

REO 0.03 0.86

RIO 4.98 0.04

RRA 4.10 0.06

Table 1. 
Summary of ANOVA results for effects of prolonged sitting (p<0.05).



45

The Application of EMG-Based Methods in Evaluating the Impact of Prolonged Sitting...
DOI: http://dx.doi.org/10.5772/intechopen.95254

completed a muscle stimulation trial after the initial MVC test and then repeated 
after the prolonged seated task, and the stimulation responses collected through 
both stimulation trials were compared to identify the potential muscle fatigue 
caused by the prolonged sitting.

Muscle stimulation responses were evoked using a dual-channel current-
controlled muscle stimulator (Grass S88, AstroMed, RI) connected with a stimulus 
isolation unit (SIU5, AstroMed, RI) and a constant current unit (CCU1, AstroMed, 
RI). In this study, the MF muscle was selected to evaluate prolonged sitting induced 
muscle fatigue. The participant’s skin around the MF muscle was appropriately 
prepared following the procedure described by [30]. After bilaterally placing the 
positive and negative stimulation electrodes (PALS, Axelgaard Manufacturing, CA) 
at the level of the rib cage bottom and the iliac crest, respectively, the most effec-
tive site for electrical stimulation was determined as suggested in [31] to determine 
appropriate stimulus intensity and electrode location for each participant. During 
the stimulation trial, participants were asked to sit in a customized fixture  
(Figure 4), with their upper body locked in a comfortable and relaxed upright sit-
ting posture using a metal bar connected to their chest harness around the T8 level. 
A load cell (SM2000, Interface, AZ) was connected to the other end of the metal 
bar to collect the stimulation response (i.e., stimulation generated forces) generated 
by the artificial muscle contraction evoked by the stimulation. Muscle voluntary 
contractions were minimized by asking participants to relax their muscles and let the 
fixture hold their sitting postures. The muscle EMG were also monitored bilaterally 
to ensure minimal voluntary muscle contraction involved during the stimulation 
procedure. The stimulation train was repeated if the voluntary muscle contraction 
level monitored by surface EMG were greater than 5% of MVC. The fixture also has a 
height-adjustable seat pan to align the participant’s trunk rotation center at the level 
of the L5/S1 joint in the sagittal plane. The participant’s knee and ankle were also 
required to maintain a 90-degree using an adjustable footrest. While maintain such 
sitting posture, participants were also instructed to try to relax their muscles and 
eliminate potential movement during the data collection.

The overall experimental procedure was illustrated in Figure 5. Each partici-
pant completed one stimulation trial, starting with one conditioning train and 
three sampling trains, before and after the prolonged seat task. A conditioning 

Figure 4. 
Illustration of experimental fixture setup with a participant in an upright sitting posture.
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train included stimulating muscles continuously at 2 Hz until a plateau and steady 
phases of measured muscle stimulation responses were observed. The duration of 
conditioning, i.e., the time-to-potentiation (tp), is determined as the time at which 
the increasing rate of muscle stimulation response becomes zero. Immediately after 
the conditioning train, the same 2 Hz stimulation was applied again, and muscle 
stimulation responses were collected during three 9-second trains with a 10-second 
rest in between.

A repeated-measures analysis of variance (ANOVA) method was used to iden-
tify any significant changes in muscle stimulation response before and after the one 
hour of prolonged sitting.

Descriptive summaries of the stimulation response (i.e., stimulation generated 
forces) from two test trials are presented in Figure 6. Signs of muscle fatigue were 
clearly found in the measured stimulation response. Prolonged sitting resulted in a 
significant (p = 0.03) decrease in stimulation responses from the measured muscles.

Figure 5. 
Illustration of the overall experimental procedure. Conditioning: tp minutes continuous stimulation at 2 Hz; 
train: 9-second stimulation at 2 Hz with a 10-second rest in between.

Figure 6. 
Stimulation generated forces (mean and SD) collected among three trains before and after the prolonged seated 
task.
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As a comparison shown in Figure 7, the average EMG MPF of bilateral MF 
showed some signs of fatigue with a shifted MPF value, but the development of 
muscle fatigue was inconsistent over time, and the level of the observed shift 
was small.

3. Discussion and conclusions

Muscle fatigue was measured using EMG MPF, EMG amplitude, and muscle 
stimulation methods. In general, all three methods successfully captured the sign of 
muscle fatigue development through prolonged sitting. Consistency among these 
three measures supports that muscle fatigue indeed developed during the prolonged 
seated task.

EMG amplitude collected from 16 muscle groups showed a sign of increased 
amplitude toward the end of the sitting period. Two out of 16 muscles (i.e., LMF 
and LLTT) have significant increases in measured EMG amplitude, which in the 
absence of interference from external forces or movement may have been caused 
by muscle fatigue development over time. However, the EMG amplitude method 
did not detect any significant development of muscle fatigue over the rest of the 14 
muscles, which may indicate the limited sensitivity of such methods in measuring 
muscle fatigue under prolonged sitting conditions. Furthermore, existing evidence 
also indicated that such EMG amplitude changes over a fatiguing task is also associ-
ated with the level of contraction, e.g., a task, which requires below 40% MVC, 
may show sign of EMG amplitude decrease [32], while other studies show increase 
of EMG amplitude during 40–50% MVC sustained contraction tasks [33, 34]. 
Therefore, using EMG amplitude alone may not be able to provide reliable estima-
tion on muscle fatigue development.

EMG MPFs collected from four out of 16 muscles also showed signs of fatigue, 
but no general consistency was observed across all measured muscles. Some of the 
inconsistencies among various muscles in the measured MPFs may have been the 
result of the insensitivity of EMG in measuring low-load muscle fatigue. As shown 
in Figure 2, the average contraction level of most flexors and some extensors are 
between 2% and 5%. Since only a deficient level of muscle contractions are needed 
during the prolonged seated task, collected EMG signals may fall close to or even 
below the noise threshold, which may significantly affect the fatigue detection 
results derived from noisy EMG MPF. As a result, EMG amplitude and EMG MPF 

Figure 7. 
Average EMG MPF of MF during the prolonged seated task.
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may only have limited capacity in measuring fatigue related muscle changes under 
such task conditions.

Another potential explanation could be linked to the functional differences 
between the trunk flexors and extensors. During the prolonged sitting, trunk 
extensors usually work as postural muscles that continuously contract to stabilize 
the sitting posture [5, 6]. Therefore, the observed decline of EMG MPF among 
three trunk extensors (ILL, LTT, and MF) was more substantial and could be used 
as a reasonable measurement of muscle fatigue caused by prolonged sitting. The 
decline of EMG MPF in the IO suggests that this muscle may also play an essential 
role in stabilizing the trunk posture during sitting, which is consistent with existing 
evidence [35]. All other muscles may have received only limited impacts from the 
prolonged seated task, or the actual fatigue could not be accurately measured using 
surface EMG during prolonged sitting.

Muscle fatigue measured by muscle stimulation, on the other hand, was more 
announced with a significant drop in measured stimulation responses across all 
three sampling trains. The same sign of fatigue was also observed in measured EMG 
amplitude and EMG MPF, but the magnitude of changes was small and inconsis-
tent. Such results could indicate that muscle stimulation methods, compared to 
traditional EMG-based fatigue measurement methods, could provide more stable 
and visible results as a more sensitive method.

In summary, several EMG-based methods have been discussed in terms of 
their capabilities and limitations when used as ergonomic assessment methods to 
measure the effects of prolonged sitting. These outcomes were evident after one 
hour of continuous sitting. The effects of prolonged sitting have been successfully 
quantified by monitoring participants’ muscle fatigue development. Current find-
ings suggest that individuals who sit for prolonged periods can be at increased risk 
of cumulative disorder and injury, and various EMG-based methods can be used 
together to provide more reliable estimation and evaluation.
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Abstract

Sedentary behavior (SB) is one of the common leading modifiable risk factor 
for cardiovascular (CV) morbidity and all-cause mortality. However, not much is 
known concerning the relationship between SB and CV risk factors. This chapter 
aimed to explore the scientific knowledge that examines the association between 
SB and CV risk factors and its association with the development of CVD. Besides, 
the focus on preventing the SB by avoiding prolonged sitting and breaking-up the 
extended periods of sitting, and participating in physical activity (PA) are usu-
ally highlighted in this chapter, explaining how these intervention protocols can 
reduce the burden of CVD due to SB. Regardless of the known benefits of both 
PA and taking frequent breaks when engaging in sedentary tasks, the adaptation 
of a physically active lifestyle has remained very low because of various reasons; 
habitual behavior, insufficient or lack of time, misconceptions of CVD related 
health benefits from PA. Thus, it is very important to break these barriers associated 
with PA and encourage the physically inactive population, especially those who 
practice prolonged sitting to actively participate in PA and break the prolonged 
sitting time with regular interval breaks. Therefore, promotion of PA and limiting 
the sedentary tasks which would lead to improved levels of cardiorespiratory fitness 
(CRF) and better quality of living is necessary among all age groups, gender and 
ethnicities to prevent many chronic illnesses, specifically CVD and its associated 
risks related to SB.

Keywords: sedentary behavior, cardiovascular disease risk, prolonged sedentary 
time, moderate-to-vigorous physical activity, cardiorespiratory fitness

1. Introduction

The advancement of sedentary behavior (SB) research in health science has 
increased rapidly which has led to numerous terminologies and definitions about 
SB. With this fast development, a standardized, clear, and common definition is to 
be formulated to address these issues. The “Sedentary Behaviour Study network” 
(SBSN) carried out a project to overcome this issue and developed a comprehensive 
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conceptual model based on movement, structured around 24 hour period (Figure 1), 
and defines SB as “any waking behaviour in which the energy expenditure is low, gen-
erally ≤1.5 metabolic equivalents (MET’s) while in sitting, reclining or lying position” 
[1]. The SBRN definition of SB includes two parts; posture and energy expenditure. 
The postural element is very easily operationalized and broadly utilized to determine 
SB by use of inclinometers, questionnaires, and direct observation, but dismisses the 
energetic part. Nevertheless, it requires to be mentioned that accelerometers usu-
ally measure movement rather than energy expenditure and represents an indirect 
approach to assess energy expenditure. Some of the common examples of SB include 
television (TV) viewing, sitting in the classroom, computer use, desk-based occupa-
tions, and passive commuting.

It is very important to emphasize that SB differs from physical inactivity 
(PI), in which an individual usually does not perform any of the recommended 
moderate-to-vigorous physical activity (MVPA). Although SB and PA are on 
the opposite ends of energy expenditure continuum, the inclusion of a postural 
element is a requirement for this to be considered sedentary, suggesting that this 
is a distinctive and unique behavior that can be intervened on. A person could be 
is actually physically active for the recommended 75–150 minutes of moderate PA 
each week or 150–300 minutes of vigorous PA every week [2], yet he or she may sit 
for several hours a day in a sedentary occupation or during their leisure time. The 

Figure 1. 
“Movement-based terminology conceptual model based on 24 hours period. Picture organizes the movements 
that take place throughout the day, inner ring showing the energy expenditure and the outer ring displaying the 
posture. Courtesy - Tremblay et al. 2017.



55

Sedentary Behavior, Cardiovascular Risk and Importance of Physical Activity and Breaking-Up…
DOI: http://dx.doi.org/10.5772/intechopen.96118

adult population in the United States and the United Kingdom spend 60%–70% of 
the waking hours at sedentary activates, 25%–35% in light-intensity exercise, and 
the reminder little proportion of time on MVPA.

Time spent in SB is essential because it displaces the time spent in MVPA causing 
a decrease in overall PA energy expenditure. Displacement of 2 hours each day 
of light activity (2.5–3.0 MET’s) by sedentary tasks (1.5 MET’s) is predicted to 
decrease the PA energy expenditure by about 2 METs per hour each day or around 
the amount of energy expenditure while walking for 30 minutes per day. Research 
on PA and wellness has focused mostly on calculating the amount of time spent in 
PA carried out at 3 MET’s or more, characterizing people that have no involvement 
in activates at such level as sedentary. Nevertheless, this explanation overlooks the 
considerable effect light-intensity PA can have daily on the overall expenditure 
energy [3] as well as the positive health-related outcome benefits by taking part in 
the light-intensity PA instead of simply sitting and doing nothing. Furthermore, 
although people could be both physically inactive and sedentary, additionally there 
is a higher chance of more time spent in sedentary tasks and PA to coexist. A good 
example could be an employee who jogs or bicycles to his or her workplace, but 
subsequently sits all day long at the workplace and spends many hours viewing 
TV at night after returning from work. Therefore, SB is not simply the absence of 
MVPA, but instead is a unique behavior with specific environment determinants 
and a variety of potentially distinctive wellness consequences.

Compared to previous generations, people are spending much more time in an 
environment which not merely restricts the PA, but also spent prolonged periods 
sitting at workplace, at home, in communities, and driving. Workplaces, schools, 
homes and common public areas are re-engineered in a manner that reduces body 
movements and muscle activity leading to dual influence on individuals behavior; 
move little and sit longer. Humans were made to locomote and take part in every 
form of manual labour on day to day basis. The recent change from a challeng-
ing and active life to one with only a few physical demands and challenges has 
been fast. The increased development of SB and its associated decrease in energy 
expenditure in the previous few years have become surprising. In the 1970s, 2 in 
10 working people in America had been in occupations needing just light activity 
(primarily in sitting position), whereas 3 in 10 had been in occupations needing 
high energy expenditure like farming, manufacturing production, and construc-
tion [4]. By 2000, it was found more than 4 in 10 adults were in jobs that required 
light-to-moderate activity, whereas 2 in 10 had been at jobs that needed high energy 
expenditure. Furthermore, in the past 2 decades, the amount of screen time using 
computers and smartphones, playing video games and TV viewing has increased 
significantly. In 2003, about 6 in 10 working people used a computer at the job and 
9 out of 10 children used a computer in schools and colleges. By 2016, more than 
89% of households had a computer including a smartphone rendering it a common 
feature for everyday activity [5, 6].

Watching TV is associated with more than some other sedentary behaviors 
with higher CVD risk factors. It is hypothesized that watching TV results in lower 
energy expenditure than other sedentary activities like reading quietly in sitting, as 
a result of a slower resting metabolic rate. It is possible that watching TV requires 
less muscle contraction and activation than pursuits like driving, and this muscular 
inactivity is thought to be associated with a decrease in lipoprotein lipase [7], a pro-
tein that play an important role in managing lipid metabolism [8]. Therefore, more 
passive behavior of TV watching could have a strong association with higher CVD 
risk factors than various other sedentary activities because of reduced lipoprotein 
lipase. Another possible reason is that watching TV is connected with unhealthy 
nutritional habits, like decreased usage of fruits and vegetables and more intake of 
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energy-dense food including fast food and sugar-sweetened beverages [9]. This may 
lead to increased snacking behavior while watching TV or expose people particu-
larly young children to beverage and food advertising that attract them to make a 
harmful and unhealthy dietary choice [10]. Finally, a third feasible explanation is 
that people could be able to recall the period spent watching TV in comparison to 
the time allocated to other sedentary activities [11].

This chapter aimed to synthesize the scientific knowledge about the relation-
ship between SB and CV risk factors and its association with the development of 
CVD. From the above findings it is very clear how people nowadays are spenting 
more time in SB, particularly extended period of time spent in watching TV, using 
computer and other electronic gadgets, administrative work, and passive commut-
ing. All these sedentary tasks decrease the energy expenditure drastically and can 
negatively impact the health related outcome measures, and impose a higher risk 
of developing CVD and cardiometabolic disease. Furthermore, this chapter will 
explore the strategies that would help to prevent or minimize the SB by avoiding the 
prolonged sitting and breaking-up the extended periods of sitting, and engagement 
in physical activities, describing how these intervention protocols can reduce the 
burden of CVD due to SB.

2. Objective measurement of sedentary behavior

The uncertainty encircling the necessity for posture in the definition of SB 
poses challenges for measuring and evaluating measures of SB, as well as the 
difficulty in quantifying individual behavior. Most commonly used assessment 
options for SB consist of questionnaires, recalls, and behavioral logs, all of which 
possess methodological limitation of measurement errors. These assessment meth-
ods have fair to good reliability but reduced validity in comparison with criterion 
measures. However, objective assessment on SB can decrease measurement error 
and offer information regarding patterns of activities like time spent in sedentary 
tasks, breaks and MVPA. However, the drawbacks of objective based measure-
ment include the cost of these objective tools, participant burden, converting data 
into the functional summary, devices failing to register position and intensity 
of some specific kind of activities (e.g. riding on a stationary bike), and insuf-
ficient information with regards to specific behavioral domains. Accelerometers 
(count the number of steps), heart-rate monitors, inclinometers along with other 
devices are used to offer an objective measurement of various variables such as 
intensity, volume, and frequency of a task that could be downloaded and con-
verted into a purposeful activity interpretation. National Health and Nutrition 
Survey (NHANS) have been collecting accelerometer data from a large popula-
tion of adults in the United States. The NHANS demonstrated that the degree 
of participation in MVPA’s are lower and around 60% or even higher percentage 
of the adult population spent waking hours in sedentary activities [12, 13]. In a 
recently available validity study which was carried among 40 university employees 
aged 18–70 years, SB was evaluated by an accelerometer (<100 counts per minute 
[cpm]) that captured coded images by a very small wearable digital camera. The 
study demonstrated that some particular behaviors (watching TV, using computer 
and administrative routines) were properly classified utilizing the standard 100-
cpm threshold by simpler accelerometry. Nevertheless, when tested for standing 
still position, it captured only 9% of the total time and generated <100-cpm 72% of 
that time, indicating that most of the time spent in standing will be categorized not 
as sedentary. However, scientists debate on what usually is the best-suited activity 
cut-off points to recognize time spent in sedentary tasks and time spent on the 
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light-intensity activity. Besides, various cut-off points could be befitting popula-
tions of various ages, ethnic background, and adiposity status. Figure 2 depicts a 
cluster heat map, displaying accelerometer information for a single individual dur-
ing 1 week. The accelerometer value counts are recorded each minute, are usually 
represented by various colors. The darkish blue color represents accelerometer data 
information which is significantly less than the currently utilized, cut-off of 100-
cpm for the sedentary tasks, and is mostly indicative of sitting behavior. Light blue 
through yellow color indicates some kind of light-to-moderate intensity activities, 
dark blue color indicates a very low level of expenditure of energy, and red color 
showing a high energy expenditure levels such as MVPA. What strikes the most is 
the degree to which this individual spends the time either in very light-intensity 
tasks as shown in pale-blue to white-color or mostly being sedentary as indicated 
by dark blue color.

Both self-reported and objective assessment methods could be essential to prog-
ress forward when quantifying the SB. Healy et al. [14] demonstrated that objective 
and self-reported sedentary behaviors are usually complementary and each pro-
vides distinct information. For instance, the TV viewing period was comparable for 
Mexican American citizens and non-Hispanic blacks (self-report), whereas overall 
time engaged in SB was shown to be increased in non-Hispanic blacks in compari-
son to Mexican Americans when assessed objectively. Therefore, understanding 
and possibly enhancing the reliability and validity of both self-report and objective 
assessment methods is a priory. Furthermore, due to the different information 
provided by each evaluation method, a better knowledge of the efficiency charac-
teristics across both measurement approaches is needed.

Figure 2. 
1 week of accelerometer data - 31 minutes MVPA (> 1951 counts each minute), 71% waking hours being 
sedentary (> 100 counts every minute). Courtesy - Owen et al. 2010.
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3. Sedentary behavior and risk of cardiovascular disease

Scientific research has been mostly centered on finding the association between 
SB and cardiometabolic morbidity and all-cause mortality. Little is known about 
the association between SB and higher cardiovascular (CV) risk and its advance-
ment to CVD. The question that comes to mind is what are the possible mechanisms 
that contribute to the independent relation of SB with higher CVD morbidity 
and mortality? Probably the most likely and apparent explanation pertains to the 
influence of SB on risks associated with conventional CVD. Studies have established 
that in healthy adults, there is an association found between SB and higher conven-
tional CV risk factors. Stamatakis et al. [15] reported the relationship of SB with 
conventional CV risks (Blood pressure [BP], high density lipoprotein cholesterol 
[HDL-C], WC, body mass index [BMI]) among 5948 healthy middle-age popula-
tion. In another study, carried among 2328 young adult participants, prolonged 
sitting was observed to be independently and positively correlated with adiposity 
and heart rate and had a negative association with physical fitness as indicated by 
cardiorespiratory fitness (CRF) [16]. In a healthy population, very little scientific 
evidence is available on the relationship between SB and total cholesterol or low-
density lipoprotein cholesterol (LDL-C) levels [17]. Nevertheless, evidence exists 
on the positive relationship between SB and triglycerides and HDL-C among the 
asymptomatic population which is mostly independent of PA [17, 18].

In addition to increased CV risks, SB is highly related to other adverse health-
related outcomes, which include CV disease mortality, all-cause mortality, dia-
betes, increased insulin resistance, high BP, and obesity [15, 19, 20]. Researchers 
have noticed associations between SB and markers of CVD risk factors (high 
BP, decreased HDL-C, high triglyceride, and increased WC), which are usually 
independent of PA levels [15, 17]. Whitaker et al. [21] investigated the relationship 
between SB and higher CDV risks, authors discovered that the time spent in SB 
had deleterious associations with risks of CVD. The main factor of the association 
between SB and increased risk of CVD was time spent watching TV and other 
electronic gadgets. It was discovered that replacing time spent watching TV with 
any other kind of sedentary activities (use of the computer, sitting and reading, use 
of telephone, paperwork), led to a comparatively lower CDV risk. Besides, further 
findings revealed that the relationship of sedentary tasks with WC, glucose, insulin, 
and levels of triglyceride was consistent with results from the total CDV risk score, 
but a strong influence was found on triglyceride levels. Furthermore, the authors 
noticed that when computer time was replaced by using telephone or reading, this 
resulted in a high levels of BP. Another research study reported that watching TV had 
a positive association with numerous risks of CVD, such as BMI, waist to hip ratio, 
BP, total cholesterol, triglycerides and LDL-C [22]. This association was noticed in 
either gender and adjusted for age, alcohol consumption, cigarette smoking and 
dietary practices. There was no association found between PA and BP, LDL-C and 
total cholesterol. In fact, BP, LDL-C and total cholesterol had a strong association 
with PI, represented by TV viewing. A systematic review reported the risk of CVD 
disease in children and adolescents. A positive relationship was observed between 
screen-time (personal computer, video gaming, TV) and higher BP, reduced degrees 
of HDL-C, and higher degrees of LDL-C and triglycerides in children and adoles-
cents. Even though not all of the studies support this association in the systematic 
review, there is growing evidence which indicates that SB is related with detrimental 
effects of health outcomes and there is a higher risk of developing CVD in children 
and adolescents. Additionally, not taking frequent breaks during the sedentary tasks 
and extended periods of sedentary bouts specifically watching TV and using other 
electronic gadgets actually compromise the cardiometabolic profile [23].
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People with CV risk or disease seem to have an apparent relationship between SB 
and CV risk factors. In hypertensive patients, prolonged periods spent in SB were 
observed to be associated with higher BP readings [24]. Similarly, in the overweight 
and obese population, extended periods of sitting was found to have a positive and 
independent relationship with BP, a 14% increase in risk of developing hyperten-
sion with every additional one hour of sitting [25]. Beunza et al. [26] carried out a 
prospective cohort study among 6742 healthy university students over 40 months to 
assess the incidence of hypertension. Authors discovered that compared to non-
sedentary adults, sedentary participants had a 48% increased risk of developing 
hypertension which was independent of PA.

A study among 945 participants in a cross-sectional examination found that 
after adjusting the BMI and BP, every 30 minutes of sedentary tasks were associated 
with a minimal ankle-brachial index [27]. In another research study among healthy 
participants, it was noticed that after adjusting for the vigorous PA, resting heart 
rate, metabolic syndrome, and adiposity, weekend breaks were positively connected 
with arterial stiffness [16]. These data sets provide proof that SB is positively associ-
ated with altered vascular functionality and structure. Further research is needed to 
explore and fully understand the connection between these complex relationships 
and examine if these detrimental effects on arterial health are independent of risk 
factors of CVD.

In short, it is evident from the growing scientific findings that there is a higher 
risk of CVD (high BP, arterial stiffness, increased BMI, higher levels of blood lipids, 
and deseased physical fitness) associated with SB as indictaed in Figure 3.

3.1 Effect of short periods of sitting on cardiovascular health

Recently studies have examined the effect on CV outcome measures related 
to short duration (3–6 hours) of continuous sitting. Padilla et al. [28] observed 

Figure 3. 
Impact of sedentary behavior on risks associated with cardiovascular system: A. vasculature – Thickness and 
stiffness of intima-media increases. B. Anthropometric – Increased body mass index. C. Decrease in physical 
fitness (CRF). D. Increase in the blood pressure. E. Increase in insulin resistance. F. Increase in the blood lipids. 
Courtesy - Carter et al. 2017.
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that continuous 3 hours of sitting resulted in an upsurge in the BP, together with a 
reduction in shear rate and blood flow in the popliteal artery. Similarly in another 
study, after 3 hours of continuous uninterrupted sitting, a reduction in the endothe-
lial function of the superficial femoral artery (SFA) was observed, along with the 
simultaneous decrease in shear rate and antegrade [29]. These findings suggest that 
endothelial function in the lower limbs deteriorates with the practice of prolonged 
uninterrupted sitting. Compared to the lower limbs, uninterrupted sitting for 
3 hours does not seem to have any effect on the endothelial function of upper limbs 
as no effect was reported in the brachial artery shear rate and endothelial function. 
Recently studies have explored the hypothesis that even little body movements, 
particularly the lower limb movements that are practiced during prolonged sitting 
prevent the impairment in the CV health outcomes. Larsen et al. [30] reported that 
during 7 hours of sitting, with a break given every 20 minutes to carry out light-to-
moderate PA for 2 minutes, a significant reduction in both systolic and diastolic BP 
was seen. These findings point out that intervening on the SB may be appropriate 
and relevant, especially in a population with a high risk of CVD. Scientists have 
also examined the effect of regular breaks during prolonged sitting (5 hours to 
3 days) on parameters such as lipids and triglycerides but did report any significant 
changes in any of these outcome measures [31, 32]. Perhaps longer duration break 
time coupled with some light-to-moderate PA is required to see the effect on these 
parameters. Because of the very limited information available on the impact of 
break time on uninterrupted prolonged sitting, further scientific research needs to 
be carried out to have a better understanding of the effects of break time and PA 
during prolonged sitting on CV risk factors.

The effect of break time and PA on uninterrupted prolonged sitting has also 
been investigated to find out its association with endothelial function. In normal 
healthy non-obese adults, after 3 hours of interrupted sitting, 5 minutes of light PA 
(walking on a treadmill at a speed of 2 miles per hour) every 60 minutes helped to 
prevent the reduction in the shear rate and dilation in SFA [29]. Another study also 
reported similar findings in a cohort of healthy young girls, in which the benefits 
of regular breaks and mild PA on SFA flow-mediated dilation were seen [33]. These 
findings suggest that sitting induced endothelial impairment can be offset when 
appropriate interventional strategies are implemented, particularly the use of low-
intensity PA at regular intervals.

3.2 Effect of long periods of sitting on cardiovascular health

Currently, there is very little published literature available to support the claim 
that effects of long duration, acute exposure (usually more than 1 day) of SB on risk 
factors associated with higher CVD devlopment. Lyden et al. [34] evaluated effects 
on lipids and markers of insulin resistance in 10 healthy adults by imposing 7 days 
of prolonged sitting with little breaks in between. In comparison to the baseline, 
there was no change seen in fasting plasma lipids, BMI, and WC after 7 days of SB. 
But, when measured for 2 hours plasma insulin using oral glucose tolerance test and 
region under the curve were significantly increased after 7 days of prolonged sitting, 
indicating a detrimental capability of SB to lead to insulin resistance within 1 week 
[34]. In another study, the authors examined the effect of 3 days of intervention, 
using either 7 hours of sitting per day with 2 minutes light-intensity walks every 
20 minutes or 7 hours per day of uninterrupted sitting without any breaks [31]. 
As measured by a mixed meal tolerance test, a significant decrease in glucose and 
insulin area under the curve was found after 3 days of uninterrupted sitting when 
compared with the group that was given breaks. As described above in this chapter, 
triglyceride levels did not differ between the 2 groups. Therefore, literature findings 
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on short-term effects, usually between 3 to 7 days or immediate effects, between 3 to 
6 hours of SB suggest the presence of quite significantly impaired insulin resistance, 
even in absence of such changes in the lipid levels. Research work carried out by 
Graves et al. [35] documented that using standing workstations in comparison to 
sitting workstations showed an average reduction of 90 minutes in sitting time every 
day over a period of 8 weeks. Further findings of a significant reduction in total cho-
lesterol support the idea that extended periods of PI is required to cause an alteration 
in the lipid levels. To conclude, both short term and long term SB can alter vascular 
health such as endothelial function, peripheral blood flow, and BP.

Mechanisms underlying the SB induced vascular changes are thought to a result 
of haemodynamic stimuli, most probably the shear stress that causes structural and 
functional changes in vascular health [36]. Likewise, extended periods of uninter-
rupted sitting are found to be related to variations in the shear stress which could 
also induce vascular dysfunction. Figure 4 summarizes the possible mechanisms 
associated with sitting induced risks of CVD. Hydrostatic pressure in the lower 
limbs is found to increase with prolonged sitting, specifically in the popliteal artery. 
When sitting for more than 3 hours without a break, a decrease in minimum, maxi-
mum and mean shear rate is observed in the popliteal artery [28]. Some studies have 
examined how alterations in shear can cause a decrease in the endothelial function 
related to extended periods of uninterrupted sitting. Investigations among young 
healthy adults revealed popliteal artery endothelial impairments caused by 3 hours 
of an extended period of sitting was effectively reduced by manipulating the 
popliteal artery perfusion via small fidgeting leg movements or by application of 
local heat [37, 38]. Both of these interventional strategies effectively prevented any 
decrease in mean shear which is associated with extended periods of uninterrupted 
sitting and appropriately prevented any decrease in endothelial function of the 

Figure 4. 
Overview of mechanisms that mediate risk of cardiovascular disease in association with sedentary behavior: 
A. arterial structure and function while walking, increased shear stress and normal blood flow. B. Arterial 
structure and function after a period of SB, shear stress and blood flow is decreased, subsequently causing an 
increase in nitric oxide production leading to vascular dysfunction. Courtesy - Carter et al. 2017.
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popliteal artery. It is believed that patterns of the shear may be equally important in 
addition of reduction in shear rate; it seems that shear patterns play an important 
role in maintaining the vascular function by increasing the endothelial function by 
activating the nitric oxide production or by preserving the antegrade shear stress; 
even though oscillatory and low shear stress can induce inflammation, increased 
oxidative stress and atherosclerosis [36].

The hypothesis related to changes in the shear rate and patterns is currently not 
well known. One of the possible reasons is that exposure to the prolonged periods 
of gravitational forces can elevate the hydrostatic pressure in the lower extremities, 
resulting in the pooling of venous blood followed by a reduction in the shear force 
and blood flow [39]. It has been observed that prolonged sitting causes an increase 
in calf circumference, reduced blood flow, and calf pooling [39]. Furthermore, 
an increase in the activity of the sympathetic nervous system and variations in 
the blood viscosity may also attribute to the alterations in the shear rate and pat-
terns which can lead to further endothelial dysfunction [39]. All these factors may 
individually or in whole play a role in contributing to this relationship between 
prolonged sitting and dysfunction of vascular health.

4. Sedentary behavior and mortality

A nationwide cohort study in the United States revealed how sedentary time 
is strongly associated with all-cause mortality [40]. Over four years in a sample 
of 7985 middle-aged and elderly population, there had been 340 deaths reported 
overall. Further analysis demonstrated that longer SB with a sedentary time of more 
than 12 hours per day and sedentary bouts of more than 10 minutes per bout had 
the highest mortality risk [40]. However, the findings from a Canada fitness survey 
mortality follow up to underscore the adverse cardiometabolic health consequences 
associated with prolonged sitting. Those participants who spent most of the day sit-
ting were seen to have a significantly poor long-term mortality outcome in compari-
son to those who reported spending less time sitting [41]. Further analysis showed 
these associations with mortality were consistent with overall sitting time measured 
across all levels of self-reported data of participants. Surprisingly, the relationship 
between sitting time and mortality was found to be stronger among those partici-
pants who were overweight and obese [41]. In another study during 6.5 years of 
follow-up, it was found that watching TV for a long time had a significant associa-
tion with all-cause mortality rate and higher CVD mortality rate [42]. Every 1 hour 
increase of watching TV was seen to be associated with 11% higher risk of all-cause 
mortality and 18% greater risk of CVD mortality rates. Besides, compared to those 
who watched TV less (< 2 hours every day), there was a 80% higher risk of CVD 
mortality and a 46% high risk of all-cause mortality among those who watched 
TV 4 hours or more every day. Both these risks were found to be independent of 
conventional risk factors like BP, cholesterol, smoking, WC, and diet indicating 
a strong relationship between SB and its detrimental effects on CV and overall 
health. In another study in the United States, the authors examined the relationship 
of SB with CVD mortality outcomes based on 21 years of follow up among 7744 
participants aged 20–89 years. A total of 377 deaths were reported in this study. It 
was observed that TV time and time spent in commuting and combined time spent 
in these 2 sedentary activates had a strong positive association with increased CVD 
deaths even after age-adjustment. Compared with those who reported spending 
less than 4 hours every week sitting in automobiles, an 82% greater risk of CVD 
mortality was seen in those who reported spending more than 10 hours every week 
in passive commuting. Similarly, those who spent more than 23 hours per week of 
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combined automobile time and TV time had a 64% higher risk of dying from CVD 
compared to those who spent less than 11 hours every week [20].

To combat all these adverse health-related outcome risks associated with SB, 
recently a major focus has been directed at making health promotion a priority, 
including the promotion to reduce the sitting time and to take frequent breaks, in 
addition to participate in PA to improve the levels of CRF.

5.  Breaking-up long periods of sedentary behavior and engaging in 
physical activity

It is believed that most often serious efforts are required from the people to make 
even smaller changes in the health behavior to become a part of their lifestyle. With 
regards to this, interventional protocols that promote healthy behaviors should be 
easy to follow, simple, recognizable, and not require much energy from a cognitive 
perspective. Because prolonged sitting is regarded to be highly habitual, the inter-
ventional approaches used should be able to instantly elicit a response of breaking 
and getting up and thus decreasing the prolonged sitting time. Since prolonged 
sitting is considered to extremely habitual, with little if any conscious planning and 
processing compared to PA, which requires higher degrees of planning and mental 
processing. Thus it is easy to express that SB is different from PA based on the above 
explanation.

Scientific data has provided evidence that SB is highly associated with health 
risks (e.g. high BP, increased levels of triglycerides, lower DHL-C, arterial stiff-
ness, and increased BMI and WC) regardless of the PA levels [15–17]. This shows 
that prolonged periods of sitting cannot be compensated by just 30 minutes 
of MVPA and a shift in the scientific focus has been suggested to include the 
physiology of sedentary inactivity together with exercise when considering to 
address the health issues related to SB [8, 31]. If a day is divided into periods of 
SB, light PA, and MVPA, it can be seen that very little time is spent on light PA 
and MVPA and a large period is spent on sedentary activates like TV viewing, use 
of computer and other electronic gadgets and passive commuting. Besides, if a 
person tries to reduce the SB, that time is mostly spent on doing light PA rather 
than MVPA. Thus, it makes a lot of sense to focus and target the SB as important 
health behavior.

Interventional approaches should promote a healthy lifestyle in addition of 
including the MVPA and simultaneously a major focus should be on reducing and 
breaking the prolonged sedentary time [43]. The reason for limiting the sitting 
time is that all sedentary activities evoke a catabolic response which suppresses 
the skeletal muscle lipoprotein activity [7]. Even though little evidence is available 
with regards to the thresholds for the prolonged sitting time or when exactly sitting 
should be interrupted before it can evoke the detrimental health consequences, it 
is suggested that when short breaks are taken frequently during prolonged sitting, 
it can help to prevent these detrimental health outcomes [29, 30, 32]. Recently in a 
systematic review, authors examined the experimental and epidemiological studies 
and concluded that breaking up prolonged sitting can generate positive effects on 
metabolic-related health outcomes, even though the type, intensity and frequency 
of PA were different for participants based on their characteristics, particularly 
with regards to their habitual PA levels in each study included in the review [44]. By 
looking at the healthy physiological responses that the body can generate by simply 
standing up and breaking the prolonged sitting, people with morbidity which are 
related to lifestyle (SB), may be able to benefit more by taking regular breaks and 
decreasing the prolonged sitting time [45].
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5.1  American College of Sports Medicine guidelines on reducing sedentary 
behavior

In our current contemporary time, we cannot completely eliminate the time 
spent in sedentary behaviors, but breaking-up the prolonged sitting using simple 
activities such as standing or walking can be very helpful at preventing the deleteri-
ous health-related outcomes, especially minimizing the higher CVD risk associated 
with SB. In line with this, the American College of Sports Medicine recommends 
to adopt an active action plan both at workplace and home to break-up or reduce 
prolonged periods of sitting, which is summarized in Table 1 [46].

5.2  World Health Organization (WHO 2020) guidelines on sedentary behavior 
and physical activity

World Health Organization (WHO 2020) has revised the guidelines on PA and 
SB for all age groups including people that live with chronic morbidity or disabil-
ity. It is stated that for all age groups doing some PA is always better than doing 
no PA at all [2]. If people are physically inactive and living a sedentary life, they 
should begin with PA that is small in amount and of light intensity, then slowly 
increasing the intensity, frequency, and time duration over time. The following 

Active action plan ideas for work Active action plan ideas for daily life

1. Take a walk break every time you take a coffee 
or tea break.

2. Do some leisurely walking with colleagues 
after you eat lunch together.

3. Stand up and move whenever you have a drink 
of water.

4. Whenever possible stand up as opposed to 
sitting down.

5. Stand up and talk on phone conversations.

6. Stop at the park on your way home from work 
and take a walk.

7. Walk to a co-workers desk instead of emailing 
or calling him/her

8. Walk briskly when headed To meetings.

9. Take the stairs whenever you can.

10. Take the long route to the restroom.

11. Schedule walking meetings with colleagues.

12. Schedule short breaks into your electronic 
calendar as reminders to above.

13. Every 45 minutes to one hour, do some squats, 
lunges, upper body stretches, shoulder rolls.

1. Take a family walk after dinner.

2. Get a pedometer and start tracking 
your steps. Progress to 10,000 steps or 
more a day.

3. Walk your dog daily.

4. Replace those Sunday drives with Sun-
day walks.

5. Wen watching TV, stand up and move with 
every commercial break.

6. Walk up and down escalators instead of 
just riding them

7. Walk fast when doing errands.

8. Pace the sidelines at your kids’ athlet-
ic games.

9. Walk up and down the shopping aisles at 
the store before you shop.

10. Pick up a new active hobby, such as cycling 
or hiking.

11. After reading six pages of a book, get up 
and move a little.

12. Try standing and moving whenever you 
are talking on a cell phone.

13. Play with your kids 15–30 minutes a day.

14. Dance to your favorite inspiring music 
selections.

15. Walk briskly in the mall.c

Sit less and move more: Len Kravitz, and Chantal a. Vella (ACSM).

Table 1. 
American College of Sports Medicine Information on reducing sedentary behavior.
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sub-heading will cover the recommendations on PA and SB for children and 
adolescents, adults, and elderly including those who live with chronic conditions/
disabilities in detail.

5.2.1 WHO 2020 recommendations for children and adolescents aged 5–17 years

In this population, PA confers benefits when it comes to physical fitness (CRF 
and muscle strength), cardiometabolic wellness (BP, dyslipidemia, glucose and 
insulin tolerance), bone health, cognitive functions like academic performance, 
and executive function, and decreased adiposity. It is suggested that this population 
should take part in moderate PA of at least 60 minutes every day across the week, 
with exercises mainly aerobic. Vigorous PA and exercises that target muscles and 
bones to increase the strength of these tissues should also be included at least 3 days 
every week. The research evidence suggests that there is a strong association between 
adverse health-related outcomes and SB, particularly between watching TV or 
recreational screen time with adverse health consequences in children and adolscents 
[2]. Therefore, very limited sedentary time should be allowed for this age group.

5.2.2  WHO 2020 recommendations for adults aged 18–64 years including people 
that have chronic conditions and disability

In grown-ups, PA confers advantages to all-cause mortality, CVD mortal-
ity, incident hypertension, incident type 2 diabetes and measures of adiposity. 
Recommendations for adults include 150–300 minutes of moderate-intensity PA, 
aerobic in nature 75–150 minutes of vigorous PA or combination of equivalent 
volumes of MVPA throughout the week. In addition, adults must also do muscle 
strengthening exercises at MVPA involving major muscle groups at least 2 or more 
days every week. Furthermore, evidence on effect of SB on health outcomes provide 
a strong support that prolonged sedentary time should be limited by adults [2].

5.2.3  WHO 2020 recommendations for older adults aged 65 years and above 
including people that have chronic conditions and disability

In this population, PA is beneficial in preventing falls and falls-related injuries and 
declines in bone health and functional ability. It is suggested that older people should 
follow the same guidelines as recommended for adults. In addition, the elderly should 
also engage in varied multicomponent PA that emphasizing strengthening exercises 
and functional training at the moderate-to-high intensity on 3 or even more days 
weekly. The recommendations on SB apply to this group in the same way as adults [2].

5.3 Australian guidelines on sedentary behavior and physical activity

Australian guidelines on SB and PA are supported by strong evidence and consid-
ers the relationship between PA (e.g. type of PA, intensity, frequency, and duration) 
and outcome indicators of health, including the risk of chronic diseases and obesity.

The association between SB and outcome indicators of health, including the risk 
of chronic disease and obesity [47]. Like WHO 2020 guidelines, Australian guide-
lines on PA and SB are divided based on different age groups.

5.3.1 Recommendations from birth to 5 years

Most of the waking hours of this group should be playful, engaging them in a 
variety of activities.
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Infants from birth to 1 year: PA encouraged for this age group should be done 
under supervision, mostly floor-based activities of play conducted in safe environ-
ment. For infants that are not yet mobile, 30 minutes of tummy time period, which 
includes reaching, grasping, puling, pressing and crawling during awaking hours 
throughout the day [47].

Toddlers aged one to 1-2 years: For this group, it is recommended to carry out 
180 minutes of varieties of PA, which include 60 minutes of energetic play like 
jumping, kicking, throwing and running during awaking hours throughout the 
day [47].

Small children aged 3-5 years: They should not be restrained in strollers or car 
seats for more than one hour or allowed to sit for prolonged time. Screen time spent 
in sedentary tasks (watching TV, playing with electronic gadgets) should not be 
more than one hour based on twenty four hour time period. When these children 
are sedentary, parents or caregivers should build a playful relationships with them 
through routines like singing, reading, storytelling using puzzles etc. [47].

5.3.2 Recommendations of young children and young people aged 5–17 years

This particular population ought to achieve the suggested and recommended 
low levels of SB and high levels of PA for optimal health benefits [47].

Guidelines on Physical Activity:

• 60 minutes or higher aerobic MVPA each day.
• Variety of several hours of light PA.

• Vigorous PA and strengthening workouts that target major muscle groups and 
bones ought to be included at least 3 times per week.

• Replacing sedentary time with additional MVPA to accomplish greater benefits 
of health [47].

Guidelines on Sedentary Behavior:

• Whenever possible breaking up prolonged periods of sedentary behavior.

• Not more than 2 hours to be spent on sedentary screen time.

• Emphasis on encouraging the positive social interactions when using electronic 
devices that are used for screen time [47].

5.3.3 Recommendations for adults aged 18–64 years

Guidelines on Physical Activity:

• All adults should take part in some type of PA, regardless of their age.

• Those who are beginning to engage in a new PA or those who were previously 
active but have stopped, shall start at a rate that is easily manageable and 
slowly build-up to the recommended levels.

• Adults should be active in many ways, participating in a wide range of PA that 
includes fitness, strength, flexibility and balance.
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• They are encouraged to accumulate at least 30 minutes of moderate intensity 
PA, preferably every day.

• Older adults who had been enjoying vigorous PA of lifetime, shall continue to 
do so in a manner that is suited for their capacity, provided they abide by the 
recommended safety procedures and recommendations [47].

Guidelines on Sedentary Behavior:

• Whenever possible breaking-up prolonged sitting.

• Reduce the time spent in prolonged sitting [47].

5.3.4 Recommendations for older adults aged 64 years and above

For this population, being physically active for 30 minutes is achievable. In addi-
tion, their health and wellbeing can be improved further if a little increase in the 
recommended PA is achieved [47].

Guidelines on Physical Activity:

• If currently inactive, start with some light exercises and gradually target the 
recommended quantity.

• Encouraged to be physically active on most of the day, every week.

• 150–300 minutes of MVPA or 75–150 minutes of vigorous PA, or combined 
equivalent of MVPA, every week.

• Strengthening exercises, at least 2 times per week targeting major muscles 
groups of the body [47].

Guidelines on Sedentary Behavior:
The guidelines for SB are the same as recommended for adults, which includes 

minimizing the prolonged sitting time and taking frequent breaks whenever pos-
sible during sedentary tasks [47].

6. Conclusion

SB is a habitual behavior that can be managed effectively when appropriate 
interventional strategies are employed. If not ponder upon, it can lead to detrimen-
tal health consequences. Evidence strongly supports and recommends minimizing 
the sedentary time and taking regular breaks in between the sedentary tasks, in 
addition of incorporating the MVPA to decrease the CVD risks and compromising 
metabolic health. The higher risk of CVD mortality and morbidity and all-cause 
mortality is independent of PA levels in individuals who engage in longer periods of 
SB. Therefore, in addition to participating in recommended PA guidelines, equally 
important is to break-up prolonged sitting and reduce the time spent in sedentary 
tasks like watching TV, using the computer and other electronic gadgets, and pas-
sive commuting, which would lead to improved levels of CRF and better quality of 
life in all age groups, gender, race, and ethnicities.
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Behavior at All Life Domains
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Abstract

Lifestyle has changed in the last century increasingly promoting sedentary 
behaviors. Prolonged sitting time is related to increased all-cause mortality risk. 
Therefore, scientific research aimed at understanding the effects of sitting on health 
has increased to find effective interventions that can be carried out in life domains 
(study, work, transport, and free time). The interaction between physical activity 
and sitting time plays a key role in the development of strategies to promote physi-
cal activity practice and reduce sedentary behavior. Accepting that the modern soci-
eties incite to spend long periods seated, the aim seems to find a balance between 
all the areas during the 24 h of the day. Maintaining sleep time, reducing screen 
leisure time to 3 h/day, and breaking prolonged sedentary time for 2–3 min every 
30 min-1 h of sitting, as well as reaching the physical activity recommendation may 
help counteract the potential negative effect of too much sitting time. Governments 
must provide active free time options to promote active leisure time and help reduce 
screen time. At workplaces, managers and companies should encourage sitting 
breaks and work standing options, and for the special population such as children 
or older adults, new strategies must be considered to reduce sitting time.

Keywords: sitting time, exercise, older adults, children, work time, leisure time, 
sedentary breaks

1. Introduction

Lifestyle has changed over the world in the past decades. The industrialization 
process and technological advances have simplified the physical work of human 
beings and changed the lifestyle of the last generations. Not that long ago, most of 
the jobs required physical activity and some energy expenditure. Nowadays the per-
centage of work sectors demanding high levels of physical activity has reduced dras-
tically. This new reality derives in many people forced to spend at more than 8 h/day 
sitting and having difficulties to reach the physical activity recommendations [1]. 
Sedentary lifestyles have become a significant public health issue spreading world-
wide, although there is evidence of being linked to a range of chronic health condi-
tions [2]. Extended periods of inactivity can produce metabolic dysfunction and 
impair blood sugar regulation [3], elevate blood pressure [4], and make it difficult 
to use fat as a metabolic substrate, as well as increase the risk of early death regard-
less of physical activity levels [5]. Therefore, it seems crucial to find strategies that 
can be applied in all life domains to be able to reduce sedentary behavior, as well as 
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to increase physical activity. Including regular and well-structured sedentary breaks 
during long sitting periods could help reduce the negative effects of a sedentary 
lifestyle.

This chapter aimed, firstly, to provide scientific evidence of the need to reduce 
sedentary behaviors as well as to include regularly sedentary breaks. Secondly, to 
show some possibilities and examples of how to break sedentarism in daily life. We 
believe that introducing these practices in workspaces, schools, leisure time, and 
in the daily activities of older adults might help control the negative effects derived 
from sedentary lifestyles.

2. Sedentary behavior

2.1 Evolution of lifestyle and the concept of sedentary behavior

Historically, exercise physiologists have studied sedentary lifestyle as the oppo-
site of physical activity. The terms that have been used for research in this area have 
been confusing, which makes it difficult to compare clinical trials. Already in the 
1950s, Morris et al. [6] concluded that sedentary work increased cardiovascular risk 
compared to those who worked more physically active. That study, among others, 
resulted in a strong area of research focused, for over 60 years, on quantifying the 
level of physical activity necessary to reduce morbidity and mortality [6]. These 
investigations provided recommendations on physical activity and the implementa-
tion of public policies to promote physical activity practice.

Despite the efforts, a high percentage of the population (mostly from countries 
that suffered rapid urbanization and industrialization) do no reach the physical 
activity recommendations and the tendency is that this number increases [1] Office 
works, school, screen games, technology, passive transportation and sedentary 
leisure time have had a strong impact on reducing the opportunities to perform 
physical activity at the same time that promote opportunities for sedentary behav-
ior in all the life domains.

For the past two decades, the number of studies focused on sedentary behavior 
has grown exponentially, and physical activity and sedentary behavior can be 
considered as an independent research field. The term sedentary behavior comes 
from Latin “sedere” which means “to sit”. But not only the “position” determines 
what is currently conceived as sedentary behavior. Sedentary behavior is defined as 
any waking behavior characterized by the expenditure of 1.5 metabolic equivalents 
of task (MET)s or less of energy while in a sitting, reclining, or lying posture [7]. 
Sedentary behavior, like physical activity, can be found in all life domains (work, 
study, transport, and free time). Although research in this field has increased nota-
bly in the last decade, there is still confusion in the terminology and the scientific 
community has not reached a consensus in some terms and concepts yet. Many 
definitions of sedentary behavior can be found in the literature but some common 
concepts are repeated, such as low energy expenditure, mostly under 1.5 METs, 
activities performed in sitting, lying or reclining position and while the person is 
awake [7]. Besides, some other concepts associated with sedentary behavior have 
aroused the interest of the scientific community. Sedentary bouts, breaks of sitting, 
sedentarism, sedentary lifestyle vs. inactivity, among others, are related terms that 
could help deeply understand this problem.

Sedentary Behavior Concept has suffer an evolution over the years. Although the 
distinction between sedentarism and physical inactivity (not meeting worldwide 
recommendations for physical activity) has already been settled [7], it is still com-
mon to find some confusion in terms such as sedentary time, sitting time, screen 
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time and stationary time; which, although in some cases are overlapping concepts, 
refer to different behaviors [7]. Because they refer to different aspects of behavior 
(position, movement, effort and the use of digital implements), these traits can 
be blended in different ways, so that some criteria are met but others are not. For 
example, one can be seated but doing physical activity (cycloergometer), so it’s not 
a sedentary behavior; one could be stationary, but not sitting (e.g., waiting in line); 
one may be in sedentary behavior, but not sitting (instead lying down watching 
TV), which in turn is independent of screen usage (reading a book); among other 
examples.

2.2 Using bed rest models

Studies on bed rest [8–13] provided useful information on the consequences of 
inactivity and low energy expenditure for long periods. Thanks to these studies, 
a lot is known about the effects of prolonged inactivity in metabolism and organ 
systems. Different studies focused on the effects of bed rest on metabolic function, 
found peripheral insulin resistance in skeletal muscle and adipose tissue, hepatic 
insulin resistance and a dyslipidemia [10], as well as a decline in function, muscle 
mass, and muscle strength [12] and a reduction in cardiorespiratory capacity after 
one-week bed rest [13]. In regards to the musculoskeletal structure, inactivity 
produces loss of strength and endurance, contractures, changes in soft tissues, 
disuse osteoporosis, sarcopenia, and degenerative joint disease [8]. At the cardio-
vascular level, the consequences can be postural hypotension, cardiac dysfunction, 
and thrombotic events [13]. Additionally, bed rest can lead to impaired respira-
tory, renal, gastrointestinal, and nervous system levels [9]. Outside hospitaliza-
tion or illness, free-living healthy adults rarely spend these amounts of bed rest. 
Nevertheless, technological and social factors have made prolonged sitting time a 
common practice in all life domains (work, domestic life, and leisure time).

2.3 Quantifying sedentary behavior

Measuring physical activity and sitting time is complex. Research has been 
aimed at improving the quality of the data through the objective measurement of 
sedentary behavior using accelerometry, observing that the self-report measure-
ment underestimates the daily time of sedentary behavior concerning the objective 
measurement.

Researchers have focused on developing devices to be able to objectively quan-
tify physical activity. In the past decades, many studies using accelerometers have 
been carried out. A multi-country study (USA, Brazil, UK, Denmark, the Czech 
Republic, and Hong Kong) using accelerometry found that the average sedentary 
time per day was 513 min/day, or 8.55 h/day [14]. Sedentary time was estimated to 
be responsible for 3.8% of all-cause mortality in adults according to a meta-analysis 
pooling data across 54 countries [15]. The United States Physical Activity Guidelines 
Advisory Committee (PAGAC) [16] recently comprehensively reviewed the scien-
tific evidence, linking sedentary behavior with specific physical health indicators in 
adults and older adults, including mortality, cardiovascular disease, type 2 diabetes, 
cancer, and obesity. Moreover, high levels of sedentary behavior are also negative 
associated with cognitive function, depression, function and disability, physical 
activity levels, and health-related quality of life [17]. In contrast, little evidence 
has demonstrated the relationship between sedentary behavior and musculoskel-
etal pain, accidents or injuries, fatigue, sleep, or work productivity [18]. Ku et al. 
[19] published in 2018 a meta-regression analysis involving more than 1 million 
participants in which the cut-off points of daily sedentary time that were related 
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to all-cause mortality in adults were established for data measured objectively and 
self-reported [19]. According to the results of the study, the method of measuring 
sitting time significantly moderated the association between daily sitting time and 
mortality risk. The cut-off of daily sitting time in studies with self-report data was 
7 h/day in comparison with 9 h/day for those with data measured by devices.

2.4 Sedentary behavior VS physical activity

It is accepted that exercise is an effective strategy for reducing key cardiovas-
cular risks [20]. Nevertheless, it is unclear if the benefits can be modified by a 
sedentary lifestyle. Therefore, it is important to clearly define different concepts 
such as physical activity/inactivity or sedentary behavior, as their physiological 
consequences on health are different. While physical activity/inactivity is referred 
to whether or not a person reaches the physical activity recommendations, a person 
is considered as sedentary if he/she spends long periods of the day in sedentary 
behavior. While for the first one (cut-off points for being physically active) there 
is enough evidence to determine the recommendations (150 minutes of moderate 
physical activity or 75 minutes of vigorous physical activity or an equivalent meta-
bolic combination between both, plus 2–3 days/week of resistance training) [21], 
for the second one (cut-off points for being sedentary) there are still no recommen-
dations, since studies have found inconclusive results.

That means that a person can meet the physical activity guidelines and still 
be considered sedentary. Sedentary behavior might produce harmful effects on 
health independently of physical activity level, but when both are combined, the 
results seem to change (combined joint association). In other words, high levels of 
sedentary behavior combined with low levels of physical activity increase the risk 
of death by 46% [18]. On the contrary, some studies have shown that high levels 
of physical activity can counteract or reduce the risk of death caused by prolonged 
sedentary behavior [22]. Similar results were obtained in cancer patients, where in 
the most active patients no relationship was observed between sedentary behavior 
and cancer mortality, while for those less active the risk of death increased [23].

Using the concepts of sedentary and/or physically active person, we can describe 
four possible combinations:

A. The sedentary inactive: Those who do not meet the physical activity recom-
mendations and also spend long periods of the day sitting.

B. The non-sedentary inactive: Those who do not meet the physical activity 
recommendations but do not spend long periods of the day sitting.

C. The sedentary active: Those who reach the physical activity recommendation 
but spend long periods of the day sitting.

D. The non-sedentary active: Those who reach the physical activity recommen-
dations and also do not spend long periods of the day sitting.

Figure 1 represents graphically these possibilities.
The health implication for possibilities A and D are clear. Classification A has a 

negative influence on health and is negatively associated with all-cause mortality 
and D is positively associated with better health markers. What is not fully clear 
yet, are the implications of classifications B and C. Can one the variables counteract 
the negative effect of too much of the other one? Or, are the positive effects of one 
variable suppressed by the other one?
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As mentioned before, some studies found that high levels of physical activity 
might attenuate the increased risk of some illness or death associated with high 
sitting times [22]. Notwithstanding, there is still some uncertainty in the charac-
teristics of the specific dose–response curves, which makes it difficult to determine 
specific quantitative public health recommendations [24]. As sedentary lifestyle 
in western societies does not tend to reduce, new strategies might be the solution. 
Some degree of sedentary lifestyle might be beneficial for health so that it helps 
to rest and recover. On the contrary, excessive sitting time may become a risk 
factor. Scientific evidence has not found an increase in the risk of death from any 
cause in people with a total sitting time between 4–8 hours/day when compared 
to those who remain seated for less than 4 hours. Nevertheless, the risk increases 
by 15% when sitting time rises to 8–11 hours/day, and by 40% with sitting times 
higher than 11 hours/day [25]. Contrary, some other studies found a dose–response 
relationship for every 1-hour increase in sitting time in intervals between 0–3, 
>3–7, and > 7 h/day total sitting and all-cause mortality. This model estimated a 
34% higher mortality risk for adults sitting 10 h/day, after taking physical activity 
into account, although the risk increased staggered [26], similar to other studies 
that observed statistically significantly higher risk of death with sedentary times of 
9.5 h/day or more [23].

This situation has put the focus on the double challenge of increasing levels 
of physical activity and reducing sedentary behavior. Many countries have 
developed strategies to promote changes in the population. As an example, the 
Canadian government created the Canadian 24-Hour Movement Guidelines 
for Adults (https://csepguidelines.ca/). It recommends that adults between 
18–64 years must limit sedentary time to 8 hours/day or less, including no more 
than 3 hours/day of recreation screen time and breaking long periods of sitting as 
often as possible.

2.5  Sedentary breaks: effectivity of the different types according to scientific 
evidence

As it has been mentioned before, modern lifestyles predispose a high percentage 
of the population to spend long periods in sedentary behaviors. As too much sitting 

Figure 1. 
Person’s classification according to sedentary behavior and physical activity practice. (A) Sedentary inactive, 
(B) non-sedentay inactive, (C) sedentary active, (D) non-sedentary active.
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time is related to different chronic diseases such as type 2 diabetes, obesity, hyper-
tension, and cardiovascular diseases, or some types of cancer, it seems crucial to 
clearly understand the mechanism and strategies to reduce the negative effects of a 
sedentary lifestyle. Generalizing, we get up, use the elevator to go to the car, drive to 
work, take the escalator to go work, spend 8 hours at least working with minimum 
movement, drive back home, eat, have some hours of recreational time, watch TV 
and go to bed. Fortunately, different lifestyles and personal situations (occupational 
situation and leisure-time preferences) as well as inherent individual differences, 
result in different accumulations of sedentary time. Due to the strong available 
evidence on the deleterious effects of a sedentary lifestyle on health, it is neces-
sary to better understand the metabolic mechanisms and how it is accumulated. 
Researchers have observed that reducing or breaking up sedentary time may result 
in beneficial changes in body composition and acute improvements in markers of 
cardiometabolic risk.

Sedentary behavior might be considered as a multifactorial concept, where four 
different aspects influencing it should be taken into account:

a. Type of activity performed seated: intellectual or occupational sitting seems 
to be less harmful than TV time or less intellectual activities.

b. Level of PA: adequate levels of physical activity may attenuate the negative 
effect of prolonged sitting.

c. Age: as an accumulative factor, so that, normally, if a person has a sedentary 
lifestyle, it has been adopted for more years when the person is older and the 
deleterious effects have been applying longer.

d. Interruptions in sedentary bouts: interrupting sitting time regularly may 
attenuate its negative effects when comparing to the same average uninter-
rupted sitting time.

It has been proposed that breaks in sedentary time could help counteract the 
negative effect of prolonged periods of whole-body inactivity. A break in sedentary 
time can be defined as a period of non-sedentary activity, such as standing or 
walking in between two sedentary bouts [7]. Experimental studies have demon-
strated that interrupting sedentary time with short frequent breaks reduces daily 
glucose, postprandial glucose, and insulin resistance [3, 26, 27]. In a study carried 
out by Healy et al. [28] in 2008, the authors found, that interruptions of sedentary 
behavior were negatively associated with obesity and cardiometabolic health. 
These results highlighted, already at that time, the fact that not only total sitting 
matters but also how it is distributed in a period of time. The characteristic of the 
sedentary breaks in the study from Healy et al. showed that the breaks reported 
by the participants were shorter than 5 min on average, and they were performed 
at a light intensity. Results from this study also found lower waist circumference, 
BMI, triglycerides, and 2-h plasma glucose in the participants with higher sedentary 
break bouts, independent of total sedentary time or moderate-to-vigorous intensity 
activity time. Since this pioneering study was published, the scientific community 
have had an increased interest in analyzing the effects of sedentary breaks, to be 
able to deeply understand the effects of prolonged sitting on metabolism, as well as 
to establish clear and specific guidelines of intervention. Different types of sed-
entary breaks have been studied trying to analyze if shorter bouts of sitting time, 
are less metabolic disrupting even when the total amount of daily or weekly sitting 
times are similar.
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Brief bouts of light-intensity-activity sedentary breaks could reduce the nega-
tive effects of long periods sitting on lower limb vascular function in healthy and 
overweight/obese adults [29]. Experimental studies [30–32] have seen that combin-
ing exercise with breaks in sitting resulted in additional reductions in postprandial 
insulin-glucose dynamics and triglycerides when comparing exercise and uninter-
rupted sitting. This effect, although useful in any case, seems to be more effective in 
those with high basal insulin resistance.

As many studies focused on analyzing the effects of sedentary breaks to coun-
teract the metabolic problems associated with prolonged sitting time have found 
positive interactions, the question that remains unanswered is not if we should 
break sitting regularly, what already has a positive answer. The unanswered ques-
tion is, which is the best structure for a sedentary break?

As it has been mentioned before, the lack of enough specific interventional 
studies complicates for experts to concrete the most optimal structure for sedentary 
breaks. A recent study by Wheeler et al. [30] investigated the effects of 3 different 
sitting strategies in overweight and obese: i) uninterrupted sitting for 8 h, ii) sitting 
for 1 h, moderate-intensity walking for 30-min and uninterrupted sitting for 6.5 h 
and iii) sitting for 1 h, moderate-intensity walking for 30 min and sitting for 6.5 h 
interrupting sitting every 30 min with 3 min of light-intensity walking. They found 
reductions in postprandial insulin-glucose dynamics and triglycerides by combin-
ing exercise with breaks in sitting. This study not only proposes a way to help reach 
the physical activity recommendation by breaking sedentary time for 30 min/day 
but also demonstrates that regular sedentary breaks help control the metabolic 
deleterious effect of prolonged sitting.

A well-controlled meta-analysis conducted by Loh et al. in 2020 [33] found that 
the use of sitting breaks moderately attenuated post-prandial glucose, insulin, and 
triacylglycerol. The authors also found that the glycemic attenuation was greater in 
people with a higher body mass index. An interesting result was that for attenuating 
glucose levels, a statistically significant small advantage for sitting breaks was found 
over continuous exercise when exercise matched energy. That could mean that for 
glucose regulation, it might be more interesting short regular breaks along the day, 
than one continuous bout of exercise.

The skeletal muscle might also play a key role in glycaemia control, which is even 
more important in overweight. Bergouignan et al. [34] performed an analysis from 
randomized clinical trials comparing one or three days uninterrupted sitting with 
sitting interrupted with light-intensity or moderate-intensity walking every 20-min 
in the modulation of contraction- and insulin-stimulated glucose uptake pathways 
in muscle. They found that both sitting break interventions reduced postprandial 
glucose concentration as well as a transition to modulation of the insulin-signaling 
pathway and increased capacity for glucose transport. The moderate-intensity inter-
vention resulted in a greater capacity for glycogen synthesis and ATP production. 
These results might through some light in preventive strategy for metabolic diseases.

Published literature [35] might tend to propose that the best option to reduce the 
negative effects of sedentary behavior on metabolic functions could be to combine 
regular activity breaks of several minutes every 30 min of sitting with 30 min of 
continuous walking whether at the beginning or the end of the long sitting period.

Therefore, breaking sedentary time should be a good way to reduce the negative 
effects of long periods of sitting, for both metabolic and muscle function. These 
breaks are even more interesting for patients with initial high blood sugar, insulin 
resistance, or overweight-obesity. The general recommendation would be to make 
an active 2–3 min-break every 30 min of sitting time. If the activity made during 
these breaks is of moderate-high intensity, such as climbing stairs, the metabolic 
benefits might be greater.
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2.6 Sedentary behavior in the workplace. Strategies

The workplace is considered an important environment for the promotion 
and protection of health [36]. According to a report from the World Health 
Organization (WHO) together with the World Economic Forum, 65% of the world’s 
adult population is part of the workforce [37]. In 2007, about 3.1 billion people were 
part of the economically active population and it was estimated that by 2021 this 
number would exceed 3.6 billion [38]. Taking into account that this working adult 
population spends around a third of the day at work, workers´ health must be seen 
as a priority action.

Encouraging the reduction of sedentary behavior and promoting the practice 
of physical activity in the workplace is a strategy that helps maintain the health of 
the working population and affects their close environment. In 2018, the WHO 
presented the Global Action Plan for Physical Activity [39], with two mean chal-
lenges: reducing sedentary behavior by 2030 as well as the percentage of inactive 
population by 15% to the reported values of 2016. This plan encourages the popula-
tion to take advantage of the many opportunities that arise in daily living to inte-
grate physical activity, including the workplace (as a fundamental environment to 
practice physical activity programs as well as its promotion).

The activities where sedentary behavior predominates have increased lately 
and the workplace is a clear example. The machines have replaced human physical 
work at the same time that there has been a notable increase in office jobs, where 
the employee spends most of the working day in front of a computer. Although the 
negative consequences for cardiometabolic and musculoskeletal health of sedentary 
behavior have been widely demonstrated and office work represents for many 
workers a third of their day sitting, few have been made to improve this situation 
and reduce sitting time at workplaces, with the associated health risk.

The Healthy Work Environment model, proposed by the WHO [38] proposes 
intervention programs to reduce and break sedentary behavior in the workplace as a 
health promotion model and protection strategy. This model proposes four sce-
narios of action or “avenues of influence”, which are not isolated, but rather overlap 
each other:

1. The physical environment of the work, which refers to the structure, air, 
 machinery, furniture.

2. The psychosocial work environment, which includes the organization of work 
and institutional culture, attitudes, values, beliefs that can affect the mental 
and physical well-being of workers.

3. Personal health resources in the workplace, that consist in an environment 
that promotes health, health services, information, resources, opportunities, 
and the flexibility that the companies offer to workers to support the efforts to 
improve or maintain healthy lifestyles, as well as to monitor and support your 
physical and mental health.

4. The physical participation of the institution in the community, which includes 
the activities that the company carries out to improve the safety, well-being, 
and quality of life of workers and their families.

To successfully establish health promotion programs in the workplace, certain 
conditions must be considered:
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1. Raising awareness among managers and chiefs of the importance of these 
interventions, facilitating employees to carry them out. Companies’ leaders 
must understand that these strategies are not only not time wasted but will also 
result in increased productivity.

2. A previous evaluation of the workplace and the type of tasks that are 
 developed, that help design an optimal plan.

3. Execution of the plan with the support of all interested parts (managers, 
middle managers, bosses, CEO, etc.) and commitment by workers.

4. Re-evaluation and adaptation of the proposal.

With different adaptations, similar models can be recommended with more or 
less the same stages.

Experts have suggested different strategies to reduce or interrupt seden-
tary behavior in the workplace, which could be grouped into the following 
 categories [40].

a. Physical/environmental changes in workplace design

• Desks with adjustable height that allow lifting them to work standing up.

• Raised desks with a treadmill.

• Rooms with high tables for standing meetings.

• Modify the layout of the workplace, for example, by placing printers, 
trashcans, or water dispensers away from desks, which will force employees 
to stand up and walk a few steps when they need to use these items.

• Provide bicycle racks, lockers, and services to wash up to encourage active 
transportation to work.

• Eliminate architectural barriers to allow employees to move around the 
 workplace, creating unobstructed corridors and spaces that invite walking.

b.  Changes in workplace policy to incentivize and encourage reduction and 
disruption of sitting time

• Promote the holding of standing or walking meetings.

• Propose active breaks during working hours (short breaks in which you can do 
joint mobility exercises, put on a musical theme and dance, or any activity that 
allows interrupting the sedentary behavior through light physical activity)

• Offer group physical activity practice.

• Encourage the use of breaks for short walks.

• Encourage employees to communicate with their colleagues by approaching 
their desks rather than by phone or messages.
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• Propose to take advantage of telephone communications to do them standing 
or walking (obviously, spaces that do not interfere with the work of others 
should be considered).

• Encourage the use of the stairs instead of the elevator or escalator.

c.  Information and advice to raise employee awareness and commitment by 
offering

• Workshops, training courses and outreach programs on the importance of 
reducing sedentary behavior. Reporting on the health risks of sedentary 
behavior and the benefits of practicing physical activity could allow people 
to evaluate their behavioral choices.

• Campaigns through various means, such as posters, signage, emails, 
WhatsApp messages, telephone calls or internal messages to motivate a 
change in behavior or.

• Install reminder software every 30 minutes on employees’ mobile phones 
or personal computers, for example, to interrupt the sedentary behavior by 
 standing up, dancing or doing some movements.

2.7 Sedentary behavior in the leisure time. Strategies

As mentioned so far, human bodies are adapted to maintain a physically active 
lifestyle. Proof of this is the health consequences of an insufficient level of physical 
activity. However, it is also true that neurobiologically we are adapted to “optimize” 
our energy expenditure, avoiding additional efforts when possible; In other words, 
sedentary behaviors are attractive for human beings, and willing power is required to 
counteract this attraction and opt for a behavior with higher associated energy expen-
diture [41]. It has been studied how the energy cost associated with a task affects, not 
only our decision to choose another more “economic” one, but directly to our percep-
tion of the initial task [42] and, therefore, to our future intention to undertake it.

A process as complex as human behavior cannot be reduced to just one compo-
nent. Emotional/affective factors, as well as built habits, are also related to seden-
tary behavior and physical activity [43]. However, it is an interesting starting point 
if we seek an alternative approach to the one traditionally used. The assumption 
that human behaviors are decided by rational evaluations of the available informa-
tion are underlying concepts in many current intervention strategies and, therefore, 
knowing the benefits of regular physical activity and the damages of prolonged 
sedentary behavior should be enough to solve the problem [44]. Nevertheless, in 
light of the sustained global pandemic of physical inactivity, it may be necessary to 
complement and enrich this approach with other perspectives.

Sedentary behaviors in free time are usually classified as screen-time (watch-
ing television, videos via streaming platform or physical medium, browsing the 
internet and social networks by both on a computer, tablet or cell phone and the 
use of video games) or not screen-time (sitting down to eat, participating in social 
gatherings, playing board games, recreational, attending cultural events such as 
cinema, theater, show music, sports competition, religious ceremony, doing artistic 
activities like writing or drawing or hobbies. The extensive list is testimony to the 
enormous offer of sedentary activities in free time. Recommendations on physical 
activity and sedentary behavior limit the amount of time in sedentary behaviors, 
but particularly those carried out in front of the screen [21].
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Sedentary activities in front of the screen in free time, in addition to adverse 
effects on physical health, are related to adverse effects on mental health, mainly 
in minors [45]. Screen time during childhood is negatively correlated with brain 
connectivity, compared to time spent reading books, as well as being related to loss 
of imagery ability [46] or social–emotional functionality [47]. Interestingly, and in 
contrast to these studies, in the specific case of video games, there is evidence that 
indicates various cognitive benefits according to the type of game (action, strat-
egy), and even positive socio-emotional impacts [48].

Of the large number of sedentary activities carried out in free time, although 
the impact on physical health is equivalent, it would be differential over other 
dimensions of the subject’s health. This leads to one of the perspectives mentioned 
in the literature as a strategy to address sedentary behavior: “harm reduction”. 
Assuming that certain socio-cultural (technological) changes are already part 
of daily life, priority is given to modifying those behaviors that present a greater 
health risk: replacing sedentary behaviors in front of the screen with sedentary 
behaviors without a screen, or by non-sedentary screen activities (for example, 
walking while using portable devices or replacing sedentary video games with 
active ones) [49].

Different classifications have been proposed for reducing sedentary behavior 
in the free time [50]: 1) environmental interventions such as devices that limit the 
time of television use), and 2) behavioral interventions like education campaigns 
about the harms of prolonged sedentary behavior; 3) multi-component interven-
tions which include both types mentioned above.

Although studies on this fact do not have homogeneous methodologies, some 
findings can be pointed out. Studies that focus on the sedentary behavior of chil-
dren in the home context have found a relationship between the existence of screen 
devices in the bedroom and greater sedentary behavior (with less reading time). 
Likewise, both the interventions that use devices that limit the use of television 
and those on family rules for screen use have been successful in reducing sedentary 
behavior. Furthermore, it was observed that in those cases in which the parents had 
more television time, or participated with their children in sedentary activities, 
the children presented higher levels of sedentary behavior. In some studies, the 
existence of adequate space or equipment for practicing physical activity at home 
is related to less sedentary behavior (although it does not present higher levels of 
physical activity at moderate or vigorous intensities) [51].

In the case of adults and the elderly, studies on free time are scarce and meth-
odological imprecise. The absence of control in the domains makes it difficult to 
control the changes since the decrease of sedentary time in a domain does not imply 
its replacement by physical activity since it could simply shift to sedentary behavior 
in another domain. Those interventions aimed exclusively at reducing sedentary 
behavior have better results than those that also focused on increasing physical 
activity [50].

For children and adolescents, as well as for adults and the elderly, there is 
another alternative intervention strategy, which constitutes itself in an emerging 
field of research: exergaming, also known as active gaming or effort video game. 
These video games, unlike the traditional ones, are controlled with body move-
ments (either full body or only certain segments); Thus, instead of being a seden-
tary activity, at least light-intensity physical activity is achieved (with the potential 
to become moderate intensity and even vigorous). In the US, it is estimated that 
90% of children and adolescents play video games recreationally. In an increas-
ing technophile society, and in which electronic entertainment is already part of 
our lives, exergaming stands as a strategy to address those to whom other physical 
activity proposals are not convincing. In addition, the commitment, immersion, 
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and experience of “flow” that they can generate, make them a great resource for 
health-related purposes. Sustainability over the years of this type of activity has 
been investigated, finding greater adherence in women, and similar to that of team 
sports [52].

Results for studies analyzing experiences in exergaming as part of both school 
physical education and at-home context show a decrease in sedentary behavior 
with potential, according to the intensity at which the game is played, increase of 
moderate-to-vigorous physical activity and good adherence to intervention pro-
grams. One of the challenges of exergaming is the “replay value” (once the game 
becomes monotonous and therefore the motivation to continue playing decreases), 
which maintain adherence. Multiplayer games (both face-to-face and remotely) 
show greater adherence. The eventual increase in the number of published games 
would compensate for this situation, allowing simply to change to a new one [53].

Particularly interesting is the research with older people, which improvements 
for both institutionalized and community-dwelling subjects, and not only in the 
physical dimensions but also in the cognitive one [54].

In all these cases, we refer mainly to consoles-home exergaming, but everyday 
mobile devices with augmented reality technology (Pokémon Go with geo-location 
system integrated into cell phones) are great opportunities to promote exergaming. 
Pokémon Go requires active movement of the player around their surroundings 
to play. This game mechanic has achieved a statistically significant change in the 
number of steps per day (thus decreasing sedentary behavior), although there is 
still not enough evidence on long-term adherence.

In the latter case, as in some home exergaming video games, there is no explicit 
intention in its design to promote health effects or to prescribe a systematic physi-
cal activity program. However, they have the potential to have a positive impact on 
the health and well-being of those who opt for this type of digital entertainment. 
Sedentary behavior in free time poses a great global challenge that requires, par-
ticularly for new generations, imagination and innovative approaches, in tune with 
contemporary technologies and paradigms.

2.8  Sedentary behavior in special populations: children and adolescents and 
older people. Strategies

2.8.1 Children and adolescents

It is well accepted that physical activity is beneficial to maintain and improve 
health and well-being across life [55]. In infants, toddlers, and preschoolers, high 
levels of physical activity have been seen to be related to better social and motor 
development improved metabolic health, and decreased adiposity, while a sed-
entary lifestyle is related to higher adiposity and poorer psychosocial health and 
cognitive development [54].

Children (preschoolers and scholars) spend more than 2 h/day of screen time, 
which is the maximal time recommended for this age group [56], plus eating time, 
school, passive transportation, homework, etc., which results in more than 8 h/day 
of sitting at this age. Moreover, studies found that screen time was associated with 
an increased risk of overweight/obese independent of physical activity [54]. Sex 
differences were also found. Boys are generally more involved in physical activity 
than girls, which normally spent more time on domestic tasks and homework. 
Children living in rural areas tend to use more active transportation than those 
who live in urban areas. Older children also tend to use more active transportation 
than the younger ones [57]. Taking into account that sedentary behavior in children 
is directly associated with classical cardiovascular risk factors like elevated blood 
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glucose levels, insulin resistance, high blood pressure, obesity, and elevated blood 
lipids [58], strategies that help reduce total daily sitting time in children are crucial.

Nevertheless, although childhood should be a life stage where children should 
freely play, run and jump as part of their natural development, social rules, obliga-
tions, parent’s overprotection, new technologies, and urban environments, hinder 
the practice of physical activity for children with dramatic consequences. A qualita-
tive study performed by Hidding et al. [59] aimed in determining the reasons for 
children to be sitting from the children or parents perspective, found that children 
most repeated reason was that they sit because is the norm and they have to and 
because they can play better that way. Other common answers were: I sit because 
seated activities are fun, I sit because I’m tired, I want to relax, I want to rest, I sit 
because of my health, I sit because there is nobody to play with, I sit because there 
is nothing to do, I sit because I’m not in the mood to do anything, I sit because of 
the weather. In regards to the answer “I sit because there is nobody to play with”, in 
families with more than one child, seems to be easy for children to perform physical 
activity [59].

All this information brings the experts ‘awareness of the necessity of reconsider 
children’s environments. The CSEP Canadian 24-Hour Movement Guidelines [56] 
propose an Integration of physical activity (both light and moderate-to-vigorous), 
sedentary behavior, and sleep as the three principal parts of the day. All three must 
be right balanced to promote overall health, well-being, and quality of life. These 
guidelines use “the four S rule”:

1. SWEAT: Moderate to Vigorous Physical Activity: An accumulation of at least 
60 min/day.

2. STEP: Light physical activity: Several hours of a variety of structured and 
unstructured light physical activities (playing, walking)

3. SLEEP: Uninterrupted 9 to 11 h/night for those aged 5–13 years and 8 to 10  
h/night for those aged 14–17 years, with consistent bed and wake-up times.

4. SIT: Sedentary behavior: No more than 2 h/day of recreational screen time and 
limited sitting for extended periods.

Figure 2 ilustrates de cited guidelines.
In addition, parents might consider changing indoor activities for outdoor ones, 

when possible, and including moderate to vigorous physical activity in exchange for 
light physical activity at some point of the day.

Findings from a recent meta-analysis [60] on the physical activity a sedentary 
behavior suggest that physical activity interventions can improve adolescents’ 
mental health.

2.8.2 Older adults

Worldwide, the population is aging, which results in higher economic and social 
costs, as well as increased numbers of people living with more health problems, as 
aging increases the risk of suffering from chronic diseases. Therefore, the concept 
of successful aging has become a priority to guarantee, not only that life expec-
tancy is high, but also that the years lived are of the best quality possible, free or 
with minimum chronic diseases. Physical activity has been proven to help increase 
or maintain health throughout life. Due to physical activity tends to reduce with 
age, older adults must become a risk population. Disability, frailty, dysfunction, 
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or sarcopenia are some of the problems that can affect older adults, which can 
compromise the independence level [61]. As physical activity decreases in this 
group, sedentary behavior increases, with fatal consequences. Maintaining physical 
activity levels and reducing sedentary time, should be a priority for the administra-
tions. In this regard, there is evidence about the negative associations of sedentary 
behavior with frailty and how this relationship can differ by sitting bout length. 
Some studies [62] have found that prolonged sedentary bouts and total sedentary 
time were associated with higher mortality risk in frail individuals but not in robust. 
These results, including moderate-to-vigorous physical activity, reducing sedentary 
time in those frail older adults, as well as including sedentary breaks seem like a 

Figure 2. 
Canadian 24-hour movement guidelines for children and youth (5-17 years): an integration of physical activity, 
sedentary behavior, and sleep. Taken from CSEP website (https://csepguidelines.ca/).
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suitable strategy to prevent dependency and maintain health. As the total hours 
of a day are always 24, that means that when a person increases the time spent in 
moderate-to-vigorous physical activity, this person is reducing the time spent in 
another activity, that could be sitting or light physical activity. If sleeping time 
remains stable and a person substitutes 30 min/day of light physical activity for 
moderate-to-vigorous physical activity that includes resistance training, and at the 
same time changes 1 hour of sitting for light physical activity such as walking, the 
frailty status could be significantly reduced. Moreover, if this person would include 
a short sedentary break every 30 min - 1 hour of the total time this person is seated, 
the benefits would be even higher with only small changes.

Due to older adults are mostly retired, which releases them of office sitting time 
and have a lot of leisure time, political strategies must center on providing older 
adults with a safe environment where they can perform light physical activity, 
such as walking [63]. Pavements and sidewalks in good conditions, green areas, 
and safe cross-roads might help improve that older adults go more often outside 
to take a walk. At the same time, organized affordable exercise activities, specifi-
cally designed by experts for this population, could make that older adult reach the 
recommendation for moderate-to-vigorous physical activity and resistance training. 
Moreover, these activities also promote social interaction, which improve wellbeing 
and might help reduce depression and anxiety, improving health-related quality 
of life, as well. These two actions would help to achieve physical activity recom-
mendations at the same time that sedentary time would be reduced. To completely 
promote health in this group, clinicians, governments, and media should establish 
campaigns to make older adults understand the importance of breaking sedentary 
time. Things such as get up in the commercials when they watch TV, walking or 
standing while they are phoning, or get up to drink some water once each hour 
might be enough to break sitting time.

3. Conclusions

Lifestyle has dramatically changed in the last century. Industrialization and 
technology have reduced the physical requirements of many jobs, urbanization has 
changed population habits, force them to use passive transport instead of active 
ones, children play with digital devices since they are very young and older adult 
do not have to go outside because cities, family and environment easily provide 
all their needs. However, this sedentary lifestyle has disastrous consequences for 
health. Physical activity is necessary to maintain an optimal physiological function 
and prolonged sitting time interferes with the proper metabolic regulation. The 
combination of both, low physical activity levels and prolonged sitting time, maybe 
even more deleterious. That suggests a double challenge for developed countries; 
reducing and stopping prolonged sedentary behavior as well as increasing levels of 
physical activity. Although each of them separately has concrete effects on health, 
their interaction must be also taken into account. Sedentary behavior appears to be 
negative for health “per se”, as well as low physical activity levels, but how both are 
combined is what can make the difference. Scientific evidence says that high physi-
cal activity levels might help counteract the negative effects of sitting time and that 
this effect is progressive. That means, that the higher the physical activity intensity, 
the less negative effects of sitting time. At the same time, it seems that long con-
tinuous sitting bouts are more harmful than the same total sitting time but with 
breaks in between. Eight hours seated without any break might be a lot worse for 
metabolic regulation than the same 8 h of sitting but with breaks of 2–3 min every 
30 min-1 h. With all these ideas in mind, the strategy to reduce sedentary behavior 
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seems clear: practice enough physical activity, reduce free-time sitting and screen 
time, promote active transportation, and include sedentary breaks at sedentary 
jobs. The reason why these strategies are not working is complex and implies a 
compromise at different levels. First, governments must provide opportunities for 
affordable exercise practice and physical activity-friendly environments. Secondly, 
at workplaces, managers, CEOs, and bosses must be aware of the importance of 
promoting working places where employees have the opportunity of breaking 
sedentary time, and that it is seen as normal. Third, citizens should make efforts to 
include active activities in the free time as well as substitute classic videogames for 
exergaming, where at least, sitting time is exchanged for light physical activity. Last 
but not least, special populations (children and older adults) should not be forgot-
ten. Parents and schools should reconsider the rules and norms and adapt them, 
when possible, to others more active versions, not forcing children to spend long 
periods seated promoting at the same time at least one hour of physical activity per 
day. Controlling screen time and giving good examples must be another priority for 
parents. In regards to older adults, societies should allow them to perform easy tasks 
that increase physical activity, encouraging them to used active transportations to 
carry them out, at the same time that exercise programs, specifical design for this 
population, are easily available in every neighborhood.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Chapter 6

Lifestyle Transition towards 
Sedentary Behavior among 
Children and Youth in Sub-Saharan 
Africa: A Narrative Review
Lucy-Joy Wachira

Abstract

Worldwide lifestyles are changing with the fastest transition being witnessed in 
lower-income countries, especially in developing countries like Sub-Saharan Africa 
(SSA). An influx of easily acquired labor saving screen-based gadgets in many 
homes has affected many lives. This phenomenon is widespread affecting urban 
and rural affluent households with income deprived communities playing quick 
‘catch up’ in the belief that this is a sign of prestige. This has led to prolonged sitting 
hours and excessive screen-based sedentary time especially among children. The 
high crime rate in urban settings has forced more parents to keep children indoors 
and “keep them busy” with screen gadgets. Children and youths are vulnerable and 
easily influenced and habits formed in childhood are seen to be carried forward into 
adulthood. This chapter highlights the increased sedentary lifestyle of the unique 
SSA population, whose unique cultural and socioeconomic factors gave them very 
active lifestyles previously. The plight of children and youth as vulnerable groups; 
and the resulting effects of sedentary screen-based activities have been discussed. 
Ongoing monitoring and surveillance of sedentary behavior and time among chil-
dren and youth in SSA for policy development and strategic intervention is strongly 
advised.

Keywords: sedentary behavior, screen time, sedentary screen-based devices,  
physical activity, children and youth, Sub-Saharan Africa

1. Introduction

In addition to meeting physical activity (PA) recommendations, globally, 
increasing evidence supporting sedentary behavior as a distinct health concern 
is attracting more attention of public health agencies [1]. Sedentary behavior is 
characterized by sedentary screen-based behaviors such as television (TV) viewing, 
computer and cell phone use and video games; and sedentary non-screen-based 
behaviors involving extended sitting, as in school or in a car [2]. Technological 
advancements towards automated and less labor intensive performance, even in our 
daily chores, have led to increased time spent in sedentary behavior. Incidentally, 
such perceived advancement in lifestyle and labor-saving activities is thought to 
indicate better living conditions. Unfortunately, instead there is an increase in the 
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incidence and prevalence of chronic-degenerative diseases directly related to low 
levels of physical activity and excessive time spent in sedentary behaviors. This 
has now become an urgent public health concern leading to numerous initiatives 
for raising awareness about risks associated with excessive time spent in sedentary 
behaviors. Children and youth are the most vulnerable and easily influenced. 
Despite the perception that children are `naturally’ active [3], evidence suggests 
that they spend a significant amount of time in sedentary activities; and many do 
not accumulate recommended levels of PA for health [4, 5]. Habits formed in child-
hood are also carried forward into adulthood [6]. Longer periods of exposure of 
such behaviors allows NCDs time to develop and severely affect subsequent health 
[7], thus making it imperative that the foundation for lifelong PA and reduced 
sedentary time be laid as early in life as possible.

This chapter highlights the physical activity transition and resulting sedentary 
lifestyle of the SSA population, whose cultural, socioeconomic activities and unique 
characteristics was previously endowed by a very active lifestyle compared to the 
rest of the world. Though sedentary behavior has generated tremendous research 
interest over the past decade around the world, there has be a paucity of data in 
scientific literature concerning lifestyle habit changes from sub-saharan countries. 
Perhaps this is because of the attention placed on poverty-associated malnourish-
ment at the expense of a very serious emerging lifestyle change associated with 
reduced activity.

This chapter will however, attempt to consolodate the findings of the available 
few studies from SSA to paint a picture of the phenominon. It gives a general under-
standing of the status of sedentary behavior in various contexts, in the severely 
under-reported lives of children and youth. The chapter’s attention is on the plight 
of children and youth and their notable increased engagement in screen-based 
sedentary activities. They require urgent intervention and public health strategies to 
avert a serious health crisis.

2. The physical activity transition in LMICs in Africa

Worldwide, lifestyles are changing as a result of economic, educational, cultural 
and technological developments, with the fastest transition witnessed in lower-
income countries. One consequence of this, as evident in many developing coun-
tries, such as in SSA, is the physical activity transition which is characterized by a 
change in lifestyle towards decreased engagement in energy demanding activities 
and transportation activity and increases in less active leisure-time physical activity. 
While many factors may have caused the increase in physical inactivity and seden-
tary behavior, cultural shifts, globalization and urbanization, that often accompany 
drastic changes in lifestyle, may account for this phenomenon in low and middle-
income countries [8, 9].

In his explanation of the physical activity transition, Popkin [10] relates the 
effect of industrialization and modernization to a shift in the energy expenditure 
patterns and time allocation in most occupations. He also describes the shift in 
physical effort at home and leisure activities, allowing engagement in increasingly 
sedentary work.

In Africa, home electrification as well as motorization of farming activities, have 
transformed daily home chores and time-consuming, often back-breaking, fulltime 
occupation for the peasant or the working woman. This has also touched the lives of 
children, even in their education pursuits. In the past, especially in the African rural 
settings, education activities and programmes took place in outdoors, focusing on 
nature based learning, survival and experiential learning, characterized by physical 
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engagement and active transportation. We are now witnessing rapid digitization 
of education materials with an overdependence on screen-based sedentary activi-
ties. Most African children, especially in urban settings, now depend on school bus 
transportation to and from school, perhaps due to dangerous, chaotic heavy traffic 
and increased crime brought about by modernization.

Possibly, an even more astounding shift has come in leisure time activities. In the 
past, children were mainly in the outdoors engaging in active physical activities that 
‘produced a good sweat’. The rapid shift in television viewership, internet con-
nectivity and cable linkages to very many households and many public spaces, as 
well as motorization of movement and entertainment resorts are now key elements 
to the shift in leisure pursuits especially in Africa. In the past, leisure activities for 
children often meant active play outdoors for long hours until it was too dark to play 
anymore. Unfortunately, today this is characterized by sedentary activity involving 
screen-based gadgets especially in urban settings [9, 11]. Developing countries, have 
witnessed an influx of cheap easily acquired and accessible labor saving gadgets that 
have flooded homes and the lives of children. This is common among urban house-
holds and the rural community is quickly ‘catching up’, perceiving this to be a sign 
of affluence and prestige. As evident in the few studies, this has led to prolonged 
sitting hours and excessive sedentary time especially, among children.

Shifts in the physical environment have drastically affected lifestyle in SSA, 
particularly in high density towns and cities that have been linked to environmental 
factors ranging from street connectivity, availability of walking spaces, street 
safety and the organization, layout of buildings and communities. With increased 
economic advancements, modernization and development, the rural communities 
are gradually catching on [12, 13]. In an attempt to address this notion, Popkin, [10] 
advocates increasing opportunities for physical activity, such as public and private 
recreation facilities, parks, recreation centers and, green spaces. Also recommended 
are provision for active transportation options, such as sidewalks, cycle paths, high 
road connectivity, and lower automobile transportation density that will all increase 
physical activity levels. Further, there is need for legislation to control constraints of 
physical activity such as crime and air pollution. The neighborhoods in many urban 
settings in SSA have high crime rates; thus, forcing parents to keep their children 
indoors and providing screen gadgets to keep them occupied instead of being 
engaged in active physical activity outdoors.

3. Sedentary behavior

3.1 Physical inactivity and sedentary behavior

Sedentary behavior is distinct from physical inactivity. Sedentary behavior is 
defined as any waking behavior characterized by low energy expenditure (≤1.5 
metabolic equivalents) while in a sitting, reclining or lying posture [14]. Physical 
inactivity on the other hand describes low involvement in light, moderate, or vigor-
ous physical activity. These two terms are often mistakenly used interchangeably 
yet there is a clear difference. Being ‘physically inactive’ means not doing enough 
physical activity and consequently not meeting the physical activity guidelines 
while being ‘sedentary’ means sitting or lying down for long periods. It is possible 
for a person to have sufficient physical activity and meet the recommended daily 
PA guidelines, yet still be considered sedentary if they spend a large portion of their 
day sitting or lying down [15, 16].

Sedentary behaviors are a set of behaviors, with unique environmental deter-
minants and a range of health consequences. There are many different forms of 
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sedentary behavior, especially in the lives of children and youth that include educa-
tional activities such as homework, passive traveling such as motorized transport, 
seated hobbies like reading and talking with friends, and screen time behavior 
like TV viewing and video games. Although screen time serves as a valuable 
index for sedentary lifestyle, it accounts for only about a third of total sedentary 
time [17], with the rest of sedentary time being spent in other sedentary activi-
ties [18]. Guidelines that recommend limiting time spent in sedentary behavior 
[19, 20], focus primarily on limiting screen time and breaking up prolonged sitting. 
However, there is need for clearer guidance regarding other forms of sedentary 
behavior, which may also be important for health.

3.2 Sedentary behavior among children and youth

The last decades have seen worldwide notable decrease in PA among young 
people with concomitant increase in sedentary time, probably due to the drastic 
increased exposure to screen-based behavior [21]. There is evidence that risk 
behaviors acquired during childhood may continue into adulthood [6]. Sedentary 
behavior guidelines recommend that children aged 5 to 11 years should not engage 
in more than 2 hours of recreational screen time daily as part of a healthy lifestyle. It 
further recommends that children should reduce motorized transport, long periods 
of sedentary sitting and time spent indoors throughout the day in order to gain 
health benefits [22, 23]. Reviewed literature concerning sedentary time found that 
children spent 6 hours on average in sedentary pursuits during and out of school 
[24]. The adolescence period encourages independent lifestyle behaviors where they 
can make independent choices and change behaviors that can have immediate and 
long-term health impact [25]. Unfortunately, adolescents are found to be the most 
sedentary of pediatric populations. Evidence shows that they spend 57% of after-
school period in sedentary activity [26]. It is also noted that the highest increases 
in sedentary behaviors may occur during the early adolescence 9 to 12 years [27]. 
This reemphasizes the notion and risk of sedentary behavior in childhood persist-
ing into adulthood [28]. Therefore, investigation that addresses sedentary behavior 
and health during adolescence will enhance their present health, improve health 
over their life course, and protect the future generation’s health and wellbeing [29]. 
There is worrying evidence of increasing levels of sedentariness among school-
going children, majority of who do not meet the recommendations for PA, in the 
developing world [30]. Regrettably, in-depth research regarding sedentary behavior 
during childhood and adolescence remains poorly described, especially in SSA.

3.3 Sedentary behavior and health and wellbeing

Physical inactivity and sedentary behavior are recognized as important modifi-
able behavioral health risk factors associated with the development of various 
chronic diseases and mortality [31, 32]. The WHO classifies physical inactivity as 
the fourth leading cause of global mortality and one of the greatest health chal-
lenges [33]. Physical inactivity and SB are the main causes for approximately 30% 
of ischemic heart disease cases, 27% of diabetes cases, 21–25% of breast and colon 
cancers [33] and have also been associated with many other NCDs [34, 35].

Several studies have documented adverse negative effects of increased sedentary 
behavior on children’s health [14, 36–40] and independent of level of PA [41]. 
Studies have reported associations between higher levels of sedentary behavior and 
numerous negative health markers that include physical, behavioral and psycholog-
ical outcomes among the youth [42]. In-depth examination of sedentary behavior 
during leisure-time is crucial because it has been more consistently associated with 
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health outcomes [39, 43]. Increased sedentary behavior is related to higher depres-
sive symptoms, unfavorable body composition, cardiovascular risk factors, poor 
physical fitness, lower self-esteem, and lower quality of life [39, 43, 44]. Although 
evidence varies with specific type of sedentary behavior, there is a link between 
sedentary behavior and impaired anthropometric, cardio-metabolic fitness and 
social-health indicators in youth [39, 43]. Studies focused on screen-based behav-
iors have also found a significant relationship between self-reported TV-viewing/
screen time and cardiovascular health outcomes in youth population [39, 43, 45].

3.4 Correlates of sedentary behavior

There is considerable public health interest in understanding the correlates 
and implications of sedentary behavior on all segments of the population. There 
are however, unique considerations and challenges when studying correlates of 
sedentary behavior among children and youth [46]. Current evidence suggests that 
sedentary time increases with age [47–49] and further investigation of sedentary 
behaviors across age groups could reveal specific aspects during youth that may 
benefit future age-targeted interventions. Also noted is lower overall level of actual 
physical activity in physical education classes, lower levels of PA among adolescent 
girls than adolescent boys, and decreasing PA levels among girls after puberty 
[50]. Whereas sedentariness is also inversely associated with socioeconomic status 
in high income-countries, it is associated positively in low- and middle-income 
countries with association tending to vary by sedentary behavior domains [51].

In summary, the following have been identified as being positively associated 
with sedentary behavior during adolescence; among the older age groups, [52, 53], 
female [53, 54] higher socioeconomic position and income [52, 53, 55], higher 
parental education and professional level [52, 54], overweight [52], and alcohol 
use [52]. However, living in the country side [52], being physically active [52–54], 
parents physical activity level [54], parental and friends supportive of physical 
activity [54], and having positive perceptions of the neighborhood [54] were found 
to be negatively associated with sedentary behavior.

Since young people spend considerable proportion of their time at home [56], 
the physical environment of the house could also exert an important influence on 
their lifestyle behavior. Factors such as neighborhood design, traffic, and acces-
sibility to green areas or sports facilities are important, bearing in mind the envi-
ronmental differences and unique characteristics, especially in SSA. For instance, 
crime and violence in the neighborhood that is linked with urbanization tend to also 
limit activities outside of the home, limiting outdoor play and physical movement 
thus increasing sedentary activities among children and youth [57]. Further, higher 
access to media equipment at home has been related to increase in screen-based 
sedentary behavior [58]. The influx of screen-based sedentary gadgets, technologi-
cal advancements and use of labor-saving modern amenities by young people can 
promote sedentary activities. Given that non-screen based sedentary behavior may 
represent a high percentage of sedentary time in young people [59], its existing 
associations and impacts have not been conclusively determined. Further inves-
tigation, especially in SSA, is necessary to establish key indicators for purposes of 
designing targeted intervention and policy.

3.5 Screen-based sedentary behavior among children and youth

One important sedentary lifestyle exploratory dimension among children is 
determining their time spent engaged in screen-based activities such as watching 
television, playing video games and computer work [49], collectively referred to as 
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screen time (ST) [60]. As screen-based sedentary behavior is taking over the lives 
of children and adolescents, it is becoming a key public health concern in manag-
ing their health and wellbeing. The influx of electronic media and child focused 
programming has dramatically increased screen-based sedentary activity. As docu-
mented in developing countries, the introduction of video, computer, tablet and 
internet games, concomitant with saturation of cell phones with built-in games, is 
rapidly replacing the time that children would have otherwise spent in more physi-
cally active pursuits [61]. Seemingly, as screen time increases significantly, physical 
activity continues to decline. For a long time, the time spent watching TV has been 
treated as a representative measure of screen time [62–64]. However, TV time 
alone is not an adequate representative measure of screen time. Many other devices 
like computers, tablets, mobile phones, and games consoles have now become a 
common part of the youth lifestyle [65]. Therefore, a more inclusive investigation 
is necessary when assessing sedentary behavior as a whole, and particularly screen-
time among youth. Research reports a significant increase not only in TV time; but 
in other types of screen time as well. All of which appears to be the driving trend 
in recent years [66]. Such behavior, especially watching TV, has also been linked to 
unhealthy eating habits. In fact, researchers have linked unhealthy eating practices 
to the biological effects of prolonged sitting watching TV and reduced physical 
activity or a combination of these factors to overweightness and obesity among 
youth [24].

Given the amount of screen time and screen-based sedentary behavior related 
to educational activities, there is urgent need for public health guidelines regarding 
education-related sedentary behaviors both, at home and at school. This is impor-
tant for teachers and students and policy development. Increasing investigation into 
the effects of sedentary behavior on academic performance has revealed negative 
association between [67]. However, it is important to note that the time spent in 
screen-based activities might be only a small part of the total sedentary behavior of 
youth during their leisure-time [68], and that each sedentary activity could influ-
ence on a youth’s academic performance differently. For instance, screen-based 
sedentary activities related to studying and completing academic homework may be 
associated with higher academic performance, but entertainment such as watching 
or listening to music may influence academic performance negatively [69].

In view to the negative impact of screen-based sedentary behavior on the health 
of young people, Barnett et al. [70] recommend interventions that would reduce 
television and recreational screen-based time. Strategies could include removal of 
such devices from the bedroom and where meals are eaten. They argue that this 
could promote social interaction during meal times and more outdoor activities that 
do not involve screen devices.

4. Sedentary behavior among children and youth in SSA

Majority of the few studies that have examined sedentary behavior in SSA have 
non-representative samples that majorly target isolated population groups scattered 
throughout the region and present inconclusive data. They also do not focus on all 
aspect of sedentary behavior. In single country studies, there are notable differences 
in the prevalence and status of sedentary behavior among children and youth, 
perhaps due to obvious study methodological differences and unique social cultural 
and geographical characteristics across the continent. There are notable inconsis-
tent findings on sedentary behaviors presenting varying results on sex (boys vs. 
girls), type of school attended (private vs. public), SES groups (high vs. low), day 
(weekdays vs. weekend days) and area of residence (urban vs. rural), making it 
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difficult to adequately draw conclusions. There are also a number of multicounty 
studies on sedentary behavior of school-aged children in sub-Saharan Africa. 
For instance, a systematic review [9] examined 17 studies and concluded that the 
reported means of time spent in sedentary pursuits ranged from 1.3 hours to 6 hours 
on weekdays, and were as high as 8 hours on weekends. The study concluded that 
the noted urbanization trend suggests an increase in sedentary behaviors over time 
as the data revealed higher sedentary activity among urban and higher SES children 
than rural and lower SES children. The following is a summary of research findings 
from studies in SSA (Table 1).

Lead author 
(reference)

Countries Age (years) Main findings with respect to sedentary 
behavior and physical inactivity

Peltzer [71] Uganda, 
Namibia, 
Kenya, and 
Zimbabwe

13–15 29.7% in Uganda, 25.7% in Namibia, 43.4% in 
Kenya, and 43.7% in Zimbabwe reported less than 
3 hours of sitting per day.

Peltzer [72] Ghana and 
Uganda

13–15 27% of children spent more than 3 hours per day in 
sedentary pursuits.

Peltzer [73] Botswana, 
Kenya, 
Namibia, 
Senegal, 
Swaziland, 
Uganda, 
Zambia, and 
Zimbabwe

13–15 39.4% spent less than one hour per day sitting, and 
an additional 32.7% spent 1–2 hours per day sitting 
when not in school or doing homework. Zambian 
and Senegalese children were the least active (9.0% 
and 10.9%, respectively).

Malete [74] Botswana 14 Participants spent an average of 6.2 hours per day 
sitting. Public school students and those living in 
rural villages (lower SES) reported significantly 
more minutes of sitting than students in private 
schools or those from cities (higher SES).

Omuemu [75] Nigeria 6–19 35% to 90.7% engage in screen time activities daily. 
Television viewing and video games were the most 
common screen-based sedentary behavior, while 
reading magazines and books for pleasure (45%), 
followed by listening to music (38%) were the 
reported non screen-based sedentary behavior. 
Above 95% of 11- to 19-year-old children and 
youth in a city of a South–south region of Nigeria 
spent an average of 3 hours and 15 minutes on the 
non-screen-based sedentary behavior.

Manyanga [76] Zimbabwe 5–17 Approximately 75% of Zimbabwean children 
and youth spend the recommended ≤2 hours per 
day in sedentary behaviors. About 15% reported 
watching 5 or more hours of television the 
previous day. Electronic video games (23%) and 
watching television (26%) were the most common 
sedentary behaviors reported among Zimbabwean 
children and youth.

Benefice [77, 78] Senegal 13.3 ± 0.5 Participants reported only 1.33 to 1.41 hrs of 
sedentary time per day. Senegalese adolescent 
spent 50% of their time in sedentary activities, and 
most school girls were less active than those who 
did not attend school.

Garnier [79] Senegal 13–15 Senegalese girls spent more time in sedentary 
behaviors than boys (4.23 h vs. 2.49 h).
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Lead author 
(reference)

Countries Age (years) Main findings with respect to sedentary 
behavior and physical inactivity

Diouf [80] Senegal 8–11 Participants spent 65% of their time in sedentary 
pursuits. All the children presented light PA 
level and spent most of their time (min/day) in 
sedentary behavior.

Prista [81] Mozambique 5–17 Noted substantial increase in sedentary habits due 
to the growth and availability of the internet in 
the lives of children and adolescents. There was 
also a shift from familiar agricultural practices to 
small trading (involving a lot of sitting), including 
children traders, which has subsequently led to an 
increase in their sedentary time.

Ghana Health 
Services [82] 
Nyawornota [83]

Ghana 15–19 Between 20% and 70% of children and youth were 
sedentary. Children attending private schools are 
more sedentary and more likely to be transported 
to school in a car, use a computer more often, and 
watch television not only more frequently but for 
longer hours.

Ocansey [84] Ghana 5–17 Over 60% of Ghanaian children do not meet 
minimum levels of PA for health enhancing 
benefits. Less than 30% of basic school pupils were 
transported in an automobile to school every day.

Asare [85] Ghana 13–18 Ghanaian adolescents perceive walking to school 
an indication of poverty. 54.1% were highly 
sedentary with more females being in highly 
sedentary category than males (52.5% versus 47.5% 
respectively). Computer and internet use were 
higher during weekend days than weekdays and 
made the larger contribution to the total sedentary 
time of both boys and girls (weekday: 4.65 h/d, 
4.08 h/d; weekend: 7.09 h/d, 6.41 h/d). Boys and 
girls used the computer for similar hours (4.65 h/d, 
7.09 h/d versus 4.08 h/d, 6.41 h/d respectively). 
Private school scored higher on sedentary behavior 
than those in public school [9.91 (6.37) h/day versus 
4.78 (5.71) h/day respectively] mainly because these 
students in private schools are from affluent homes, 
and have more access to screen devices, especially 
the internet and computer games at home.

KNBS [86] Kenya 15–19 61% of adolescent girls and 36% of the adolescent 
boys (years) do not engage in continuous physical 
activity optimally.

Muthuri [87] Kenya 9–11 Direct measurement of sedentary time among 
Kenyan children was 398 minutes (6.6 hours), 
while self-report data showed that urban children 
spent an average of 1.75 hours in screen-based 
sedentary activities during the school day and 
4.25 hours during weekend days.

Onywera [88] Kenya 9–12 Higher SES and urban living children in Kenya 
were found to spend significantly more time in 
sedentary pursuits than their lower SES and rural 
counterparts, with approximately 50% of the 
urban children, and only 30% of the rural children 
reporting over 2 hours each week on screen time 
activities.

Ojiambo [89] Kenya 13 ± 1 Urban children in Eldoret Kenya spent 72% of their 
wake time sedentary.
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There is evidence of sedentary behavior among children and youth in SSA but 
with inconsistent findings across populations. More studies revealed a higher level 
of sedentary behavior among girls, children attending private school, those from 
urban areas, and those from high SES than their counterparts. The weekend days 
seem to attract increased sedentary activity and sedentary time than weekdays. 
Time is ripe for targeted interventions that focus on such groups while future 
studies pursue conclusive positions on prevalence and trends in sedentary behavior 
among children and youth in SSA.

Lead author 
(reference)

Countries Age (years) Main findings with respect to sedentary 
behavior and physical inactivity

Wachira [90] Kenya 9–11 Overall, children accumulate a lot more 
recreational ST during weekend days than on 
school days. Among those that had moderate 
to-high levels of ST, 75.9% had a TV in their 
bedroom, 13.8% had a computer, 25.3% had a 
hand-held video game device, 33.3% had a cell 
phone, and 19.5% had a non-hand held video 
game system such as Play-station or Xbox. 76.7% 
of those who engage in TV viewing over the 
weekend recorded higher levels of ST. There 
was a significant association between the overall 
ST levels and sex (χ 2 = 12.036, p = 0.002) and 
school type (χ 2 = 8.340, p = 0.015) but no 
association with SES. Male participants were 2.1 
times more likely to have higher ST levels than 
female participants (OR = 2.1; 95% CI: 1.32 ± 3.37; 
p = 0.002). Private school participants were found 
to be 1.5 times more likely to have high ST than 
public school participants.

Uys [91] South Africa 10–17 Children seem to not meet the recommended 
guidelines of 2 hours of screen time or less per day 
and their social media and cell phone activities 
recording high usage. Children watched an average 
of nearly 3 hours of television per day. South 
Africans are heavy users of social media, averaging 
2.7 hours per day, active social media accounts 
grew by 20% in 2014 and a further 10% in 2015, 
and youth-dominated Instagram use grew by 
133% from 2014 to 2015. These have significantly 
increased screen-based sedentary behavior.

Micklesfield [92] South Africa 9 Weekend television viewing among children 
and youth is higher during weekends, with older 
children generally presenting higher viewing 
times.

Lennox [93] South Africa 15 Children in higher SES schools spent more time 
watching television than children in lower SES 
schools on both weekdays and weekends.

Micklesfield 
[94, 95]

South Africa 11–12 and 
14–15

Rural lower socioeconomic status was associated 
with less sedentary time and more walking for 
transport. Higher maternal, household, and 
community level SES were significantly associated 
with increased sedentary time.

Abbreviations: KNBS-Kenya National Bureau of Statistics, OR- Odds Ratio, SES- Socioeconomic Status, ST- 
Screen Time, TV- Television, χ- Chi Square analysis result.

Table 1. 
Summary of research finding on sedentary behavior and physical inactivity among children and youth in SSA.
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5. Conclusion

This chapter describes the characteristics of the noted transition towards a more 
sedentary lifestyle, particularly in the lives of children and youth. It also presents a 
narrative of the status of sedentary behavior among the children and youth in SSA 
based on published findings of available literature. To the best of my knowledge, 
there are no existing guidelines for sedentary behavior for children and youth in 
SSA. Researchers, practitioners and policy developers rely on guidelines and recom-
mendations developed elsewhere [17, 18]. Over the last decade, though sedentary 
behavior has been a research topic of interest globally, few studies have examined 
this phenomenon in SSA. The available studies present inconsistent findings that 
might be attributable to environmental variability, unique social-cultural character-
istics across the continent and study methodological differences. They also present 
inconclusive data focused on isolated population groups scattered throughout the 
region, making it difficult to present a clear prevalence and pattern of sedentary 
behavior among children and youth in SSA. Although a large portion of the African 
population (especially in the rural settings) may not exhibit high physical inactivity, 
the rapid increase and trend towards higher sedentary time and behavior is now 
an urgent public health concern affecting population health, productivity and the 
economy. It is recommended that sedentary behavior, especially among children 
and youth (a vulnerable group that represent the future workforce), be given 
 priority in research, public health initiatives and policy development.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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