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Abstract

Emerging evidence suggests that sedentary behaviour is independently associated with
cardiometabolic disease risk in school-aged children and youth. This thesis includes 4 related
studies in the pursuit of 2 objectives: 1) To determine the cross-sectional association of sedentary
time, interruptions in sedentary time, sedentary bout length, and total movement variability with
markers of cardiometabolic disease risk among children and youth, and 2) To examine the impact
of 1-day of prolonged sedentary behaviour, with and without interruptions or structured physical
activity, on markers of cardiometabolic disease risk, hunger, food intake and spontaneous
physical activity levels in children and youth. In Study 1, we found that interruptions in
sedentary time and short bouts of sedentary time were beneficially associated with clustered
cardiometabolic disease risk in boys and girls aged 8-11 years, independent of total sedentary
time, moderate-and-vigorous physical activity (MVPA), and other confounders (all p<0.05),
while the opposite was true for screen based sedentary behaviours. In Study 2, we found that
movement variability (minute-to-minute changes in movement intensity) was negatively
associated with clustered cardiometabolic disease risk and systolic blood pressure independent of
MVPA, sedentary time and other covariates in a representative sample of American children and
youth aged 12-17 years (all p<0.05). In Studies 3 and 4, we found that prolonged sitting, with or
without interruptions and structured MVPA did not result in acute changes in markers of
cardiometabolic disease risk, nor subsequent ad libitum food intake or physical activity levels in
healthy children aged 10-14 years (all p >0.05). Taken together, the studies that make up this
thesis suggest that optimal levels of cardiometabolic disease risk are most likely to be seen in
children who limit their time engaging in screen-based sedentary behaviours, who frequently
interrupt their sedentary time, and who have high levels of variability in their movement

behaviours.
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Prelude to Thesis

While the health importance of physical activity has been accepted for decades, recent evidence
suggests that sedentary behaviour (e.g. sitting, and activities done while sitting) may be a unique
and deleterious risk factor for chronic disease, independent of physical activity and other
established risk factors. However, while numerous reports suggest a link between sedentary
behaviour and health in the pediatric age group, several important questions remain unanswered.
The following thesis attempts to advance our understanding of the relationship among sedentary
behaviour, physical activity and health in the pediatric age group through the use of literature

reviews, cross-sectional analyses of large datasets, and a lab-based randomized crossover study.

In Chapter 1 | offer an overview of the rationale, objectives and hypotheses of the current thesis.
In Chapter 2 | provide a comprehensive overview of research into the health impact of sedentary
behaviour in the pediatric age group. Building on the work presented in Chapter 2, Chapter 3
examines the association of total sedentary time, sedentary bout length, and breaks in sedentary
time with markers of cardiometabolic disease risk in large cohort of children with a family history
of obesity. Chapter 4 examines similar relationships for a novel characteristic of human
movement; total movement variability. Chapters 5 and 6 examine the acute impact of prolonged
sitting on markers of cardiometabolic disease risk, physical activity and energy intake. Finally,
Chapter 7 discusses the implications of the findings laid out in Chapters 3-6, as well as
opportunities for future research. Related studies that provide context for the findings presented
in this thesis, as well as supporting documentation, can be found in the Appendices. It is my hope
that the research included in this thesis will improve our understanding of the health impact of

sedentary behaviour, and aid in the prevention of chronic disease among children and youth.
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Chapter 1 - Thesis Introduction

While the pediatric health benefits of physical activity are well-established (1-3), emerging
evidence suggests that sedentary behaviour (activities that involve sitting or reclining while
expending < 1.5 metabolic equivalents(4)) may be independently associated with increased health

risk among children and youth (5-12).

Sedentary behaviour = any waking activity with an energy expenditure < 1.5 METs

Metabolic Equivalents

Figure 1.1 Sedentary behaviour and physical activity according to energy expenditure.

Despite a growing body of evidence suggesting that sedentary behaviour is associated with risk
factors for cardiovascular disease and diabetes (hereafter referred to as cardiometabolic risk) in
the pediatric population, several important questions remain. The purpose of the present thesis
was to improve our understanding of the relationship between sedentary behaviour and
cardiometabolic disease risk in school-aged children and youth. To do this, I have focused on 2

core areas of research:



1. The cross-sectional relationship between characteristics of sedentary behaviour/human
movement and markers of cardiometabolic disease risk.

2. The metabolic and behavioural impact of prolonged sitting.

1.1 Characteristics of Sedentary Time

While accumulating evidence suggests a relationship between total sedentary time and markers of
cardiometabolic disease risk in the pediatric population, recent evidence in adults suggests that
the manner in which sedentary time is accumulated may also have an important health impact.
Interruptions in sedentary time (e.g. standing or walking for brief periods of time) are associated
with reduced body weight, abdominal fat, and cardiometabolic disease risk independent of both
total sedentary time and physical activity in adults (13,14). Although a handful of studies have
examined the association between breaks in sedentary time and markers of cardiometabolic
disease risk in the pediatric population (15-18), none have been able to replicate the results
observed in adults. Thus, at present it is unclear whether frequent interruptions in sedentary time
are associated with reduced cardiometabolic disease risk among children and youth. However, it
should be noted that past studies in this area have focused primarily on representative samples of
children and youth (15, 16), who typically have low levels of cardiometabolic disease risk. It is
possible that associations between characteristics of sedentary behaviour and cardiometabolic
disease risk may be easier to detect among children with increased risk of cardiometabolic

diseases, although this has not yet been investigated in any pediatric population.

Another unexamined aspect of human movement that may account for variation in
cardiometabolic disease risk is total movement variability, defined as minute-to-minute changes
in accelerometer counts per minute (CPM). It is also possible that variability per se may also be
beneficial to health (19-23). For example, altering the output of mechanical ventilators to include
random variations in breathing rate and volume results in improved oxygen saturation and organ

2



function, when compared to ventilators that provide constant output (19,23). Further, for a given
level of physical activity, individuals with high amounts of movement variability are likely to
have lower levels of sedentary behaviour, and more frequent breaks in their sedentary time. To
date no studies have examined the relationship between movement variability and

cardiometabolic disease risk in any population.

1.2 The impact of prolonged sitting on markers of cardiometabolic disease risk

As mentioned above, there is an accumulating body of research in adults and children suggesting
that excessive sedentary behaviour is associated with increased health risk. Further, evidence
from both adults (24-26) and animal models (27) suggests that just a few hours of prolonged
sedentary behaviour can result in dramatic changes in markers of cardiometabolic disease risk.
Bey and Hamilton (27) have reported that just 6 hours of sedentary behaviour resulted in dramatic
reductions in lipoprotein lipase activity in rat skeletal muscle, and that just one day of sedentary
behaviour resulted in a 20% reduction in plasma HDL-cholesterol levels. Similarly, it has
recently been reported that in comparison to a day that includes minimal sitting, a day of constant
sitting reduced insulin action by 39% in healthy, recreationally active adults (24). In support of
these findings, a recent systematic review from our group concluded that acute bouts of
uninterrupted sedentary behaviour result in rapid and deleterious changes in insulin sensitivity,

glucose tolerance, and lipid levels among adults (26).

Taken together, the above results suggest that as little as 1 day of uninterrupted sedentary
behaviour may have a measureable and deleterious impact on markers of cardiometabolic disease
risk. However, no study has examined the immediate cardiometabolic impact of a laboratory-

controlled bout of sedentary behaviour in children and youth. Therefore, despite evidence in both



adult (24-26) and animal models (27), the acute influence of sedentary behaviour on markers of

cardiometabolic disease risk in the pediatric population is unknown.

1.3 The impact of prolonged sitting on energy intake and physical activity

In addition to questions regarding the direct relationship between sedentary time and markers of
cardiometabolic disease risk in youth, the relationship between sedentary behaviour and
behavioural compensation (e.g. increases or decreases in physical activity or food intake
associated with acute sedentary behaviour exposure) in the pediatric population is also unclear,
and is another mechanism that may link excess levels of sedentary behaviour with increased
health risk. For example, it has been reported that every one-hour increase in daily TV viewing
among school-children is associated with an extra consumption of 167 calories per day (28).
However, it is unclear whether this is due to factors related to chronic TV viewing (for example,
exposure to advertisements for nutrient-poor foods (29), by distracting children from feelings of
hunger and satiety (30)), or whether simply sitting for extended periods of time results in
increased hunger and food intake in this population. It is worth noting that engaging in seated
video game playing (31), has been reported to increase spontaneous food intake in adolescents,
and a number of studies suggest that screen-based sedentary behaviours may lead to increased
caloric consumption through a variety of mechanisms (32-34). However, despite the reported
relationships between specific sedentary behaviours and subsequent food intake in adults, to date
no study has investigated the impact of sitting per se, with or without breaks or structured

physical activity, on hunger or food intake in children and youth.

As with hunger and food intake, to date no studies have examined the impact of prolonged sitting
on subsequent levels of spontaneous physical activity. It has been suggested that physical activity

may be centrally controlled by an “activitystat”, such that individuals unconsciously increase or



decrease their activity level to match energy intake or other internal cues (35). If true, this would
suggest that children may increase their physical activity levels following a period of prolonged
sitting. In support of this hypothesis, it has been reported that the introduction of structured
physical activity may fail to increase (36), or may even reduce (37) total physical activity levels
in the pediatric population, as a result of reductions in spontaneous physical activity and increases
in sedentary behaviour. However, the impact of prolonged sitting on subsequent energy intake,

physical activity and sedentary behaviour levels is presently unknown.

1.4 Objectives

The general objective of this thesis was to improve our understanding of the relationship between
sedentary behaviour and markers of health in children and youth. In particular, it focused on 2
broad objectives that address the key gap areas described previously.

1. To determine the cross-sectional association of sedentary time, interruptions in sedentary
time, sedentary bout length, and total movement variability with markers of
cardiometabolic disease risk among children and youth.

2. To examine the impact of 1-day of prolonged sedentary behaviour, with and without
interruptions or structured physical activity, on markers of cardiometabolic disease risk,

hunger, food intake and spontaneous physical activity levels in children and youth.

1.5 Hypotheses

The general hypothesis of this thesis was that sedentary time would be positively associated with
increased health risk among children and youth in both cross-sectional and intervention analyses.

The specific hypotheses, and the individual studies that they accompany, are found below.



Study 1.

Study 2.

Study 3.

Study 4.

We hypothesized that markers of cardiometabolic disease risk would be negatively
associated with interruptions in sedentary time and positively associated with long
bouts of uninterrupted sedentary time in cross-sectional analyses. We hypothesized
that these relationships would be independent of total sedentary behaviour and

physical activity levels.

We hypothesized that markers of cardiometabolic disease risk would be negatively
associated with total movement variability (defined as the minute-to-minute variation
in movement intensity as assessed using accelerometer counts per minute) in children
and youth. We hypothesized that this relationship would be independent of total

sedentary time and physical activity levels.

We hypothesized that a day which included short breaks in sedentary time or
structured physical activity would result in significantly lower levels of
cardiometabolic disease risk (defined as insulin, glucose and lipid area-under the
curve), in healthy children and youth, as compared to a day of prolonged sitting.
Further, we hypothesized that a day which included both interruptions in sedentary
time and structured physical activity would result in greater reductions in markers of
cardiometabolic disease risk than a day which included interruptions in sedentary

time but no structured physical activity.

We hypothesized that a day which included short breaks in sedentary time or
structured physical activity would not influence subsequent levels of energy intake
and hunger in children and youth, when compared to a day of prolonged sitting. We

further hypothesized that participants would compensate for a day of prolonged



sitting by reducing their level of sedentary time, and increasing their level of physical

activity, in the subsequent 24 hours.

1.6 Relevance

At present it is unclear whether characteristics of sedentary time or total movement variability are
associated with markers of cardiometabolic disease risk in children and youth. It is also unknown
whether prolonged sitting results in acute changes in markers of cardiometabolic disease risk or
behavioural compensation. These critical gaps in knowledge are extremely important from a
public health perspective, as recent evidence suggests that Canadian children spend roughly 8
hours per day - more than half of their waking hours — sitting (38—40). More than 70% of the
average school day, including physical education, is sedentary (39), while the average Canadian
child reports accumulating more than 6 hours per day of screen time during their discretionary
leisure time (40). Given the ubiquity of sitting in the Canadian pediatric population, it is critical
that we improve our understanding of the relationship between sedentary behaviour and health in

pediatric populations.

The knowledge gaps described above limit our understanding of the health impact of sedentary
behaviour in children and youth, and preclude the development of maximally efficacious
interventions in this age group. Although cross-sectional evidence in adults suggests that
characteristics of sedentary time may account for cardiometabolic disease risk beyond that
explained by total sedentary time alone, these findings have yet to be replicated in children and
youth. Similarly, while accumulating evidence suggests that sedentary behaviour is associated
with increased health risk in children, it is unknown whether a single session of lab-controlled
sedentary behaviour has a measurable metabolic impact in the pediatric population, or whether

characteristics of sedentary time influence this impact. The studies contained within this thesis



are an attempt to address these knowledge gaps, and will assist in the development of improved

clinical and public health interventions targeting chronic disease risk in this age group.



Chapter 2 - Literature Review: Sedentary behaviour as an emerging

risk factor for cardiometabolic diseases in children and youth
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Abstract

Sedentary behaviour (e.g. TV viewing, seated video game playing, prolonged sitting) has recently
emerged as a distinct risk factor for cardiometabolic diseases among children and youth. This
narrative review provides an overview of recent evidence in this area, and highlights research
gaps. Current evidence suggests that North American children and youth spend between 40 and
60% of their waking hours engaging in sedentary pursuits. Although data are lacking on temporal
trends of objectively measured sedentary time, self-reported sedentary behaviours have increased
over the last half-century, with a rapid increase since the late 1990’s. Excessive sedentary
behaviour has been found to have independent and deleterious associations with markers of
adiposity and cardiometabolic disease risk. These associations are especially consistent for
screen-based sedentary behaviours (TV viewing, computer games, etc), with more conflicting
findings observed for overall sedentary time. The above associations are possibly mediated by
the influence of screen-based sedentary behaviours on energy intake. Although excessive sitting
has been reported to have adverse acute and chronic metabolic impacts among adults, research on
children is lacking. Research is particularly needed to investigate the impact of characteristics of
sedentary behaviour (i.e. type/context, sedentary bout length, breaks in sedentary time, etc), as

well as interventions that examine the health and behavioural impact of sitting per se.

Keywords: Sedentary behaviour, pediatrics, cardiometabolic disease
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Introduction

It is well established that high levels of physical activity are associated with reduced health risk in
children and youth (1-3). Physical activity exhibits a dose-response relationship with health
indicators in the pediatric population, and even modest amounts of physical activity can result in
improved health for those at greatest risk (1). However, in addition to the consistent association
between physical activity and health in the pediatric population, accumulating evidence suggests
that the amount of time children and youth spend engaging in sedentary behaviours (i.e. activities
that involve sitting or reclining while expending < 1.5 metabolic equivalents (4)) may be
associated with increased cardiometabolic disease risk independent of other factors such as
physical activity and abdominal obesity (5-12). In response to this new research, Canada has
recently created pediatric sedentary behaviour guidelines, which are separate from (but
complementary to) physical activity guidelines for this age group (11). These guidelines
recommend that school-aged children and youth accumulate no more than 2 hours of recreational
screen time each day, and that they also limit periods of prolonged sitting and motorized transport
(11). Although a number of recent narrative reviews have examined the health impact of
sedentary behaviour in adults (13-17), there is a lack of such a review in the pediatric population.
Thus, this article aims to provide a comprehensive overview of the available evidence concerning
sedentary behaviour and markers of cardiometabolic disease risk in school-aged children and

youth.
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What is sedentary behaviour?
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Figure 2.1 Sedentary behaviour and physical activity as distinct constructs.

What is sedentary behaviour?

The meaning of the word “sedentary” has evolved rapidly in recent years (18). Although the
Latin root of the word sedentary literally means “to sit” (15), the term has historically been used
by health researchers to refer to an individual who is not sufficiently physically active (4).
Similarly, the phrase “sedentary lifestyle” has typically been used to refer to a lifestyle which
includes little or no physical activity (19). It has therefore been relatively common for researchers
to refer to individuals as “sedentary” due to their lack of physical activity, rather than the amount

of time they spend sitting. However, recent evidence suggests that sitting too much and
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exercising too little are separate and distinct risk factors for chronic diseases including cancer,
cardiovascular disease, and diabetes (15,16,20,21). Further, an individual can easily meet
physical activity guidelines while spending the vast majority of their day engaging in seated
activities, or vice versa (see Figure 2.1). As a result, it has been proposed that the term
“sedentary” should be used only to refer to activities which are defined by both a seated or
reclining posture, and an energy expenditure at or near resting levels (4). Therefore, in this
review the term sedentary will be used to specifically refer to waking behaviours characterized by
energy expenditure <1.5 METs while in a sitting or reclining posture (4). In contrast, the term
“inactive” will be used to refer to an individual who is not

sufficiently physically active (e.g. not meeting physical activity guidelines).

How is pediatric sedentary behaviour measured?

As with physical activity, sedentary behaviour can be assessed using a variety of self- and proxy-
report questionnaires, or by direct measurement tools (15,22,23). Self- and proxy-report tools
typically take one of two approaches: 1) asking children or their parents to estimate the amount of
time that they spend engaging in common sedentary behaviours (e.g. watching television, using a
computer, playing passive video games, driving in a car, etc) which may be reflective of total
sedentary time, or 2) asking them to estimate the amount of total time that they spend sitting on a
daily basis. These tools are attractive because they are inexpensive and result in data that are
relatively simple to analyze, while providing information related to specific modalities or
contexts of sedentary behaviour (e.g. television viewing vs. reading). A recent systematic review
suggests that self- and proxy-report tools generally display acceptable reliability and validity in
assessing sedentary behaviour (22). However, these measures have a number of limitations. First
and foremost, they are known to be limited by high levels of error and recall bias (23—-26).

Further, no single sedentary activity is representative of an individual’s total sedentary behaviour
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profile (23,27,28), which can pose an issue when data collection focuses on a limited number of

sedentary behaviour modalities.

In contrast to self-report tools, accelerometers and inclinometers allow for the direct measurement
of sedentary behaviour in childhood (15,22,23). Accelerometers assess the number of movement
“counts” in a given time period, and their use has increased rapidly in recent years (29). A
variety of thresholds have been proposed to distinguish between sedentary behaviour and light-
intensity physical activity, with a threshold of 100 counts per minute (CPM) being shown to have
high sensitivity and specificity for the measurement of sedentary behaviour in pediatric
populations using both Actigraph (Actigraph, Pensacola, USA) and Actical (Philips Respironics,
Andover, USA) accelerometers (22,30-36). Accelerometers can also be used to assess the
frequency of breaks in sedentary time and the duration of sedentary bouts, neither of which can
be determined easily via self-report tools (37-39). However, a key limitation of accelerometers is
their inability to distinguish between sitting and stationary standing (40), and the lack of
information regarding the modality of sedentary behaviour (e.g. TV viewing vs. reading).
Inclinometers such as the activPAL (PAL Technologies, Glasgow, UK) have been reported to be
more accurate than accelerometers in differentiating between sitting and standing (40,41), with
Aminian and Hinckson reporting that the activPAL was able to perfectly distinguish between the
two postures in healthy elementary school children (41). As with accelerometers, however,
inclinometers are unable to provide information on the modality of sedentary behaviour, and have
been used far less frequently. As a result of the limitations of both self-report and direct
measurement tools, researchers have therefore advocated for the concurrent use of both strategies

whenever possible (22,23).

Prevalence of sedentary behaviour in the pediatric population
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Available evidence suggests that children and youth in developed nations currently spend 40-60%
of their waking hours engaging in sedentary pursuits. Colley et al. used accelerometers to assess
total sedentary time in a representative sample of 1,608 Canadians between the ages of 6 and 19
years (37,42). They estimate that girls and boys respectively accumulate 7.4 and 8.5 hours of
daily sedentary time, roughly half of which is accumulated during school hours (37,42).
Sedentary time also tends to increase with age; children under 11 years averaged approximately
1.3 hours less daily sedentary time than those aged 11-14 years, and roughly 2 hours less than
those aged 15-19 years (42). Similar levels and trends for accelerometer-derived sedentary
behaviour have been reported in cross-sectional examinations of American (43) and European

(44) children and youth.

The above-mentioned findings are also supported by longitudinal studies, which suggest that both
screen time and total sedentary time increase with age (45,46). For example, a longitudinal study
of 759 Vietnamese students observed that boys and girls increased their daily sedentary time by
more than 1 hour between the ages of 13 and 16 years (45). Similarly, Brodersen et al. found that
self-reported screen time increased by more than 2.5 hours/week during a 5-year period in a study
of 5,863 British adolescents (46). It is worth noting that the frequency of breaks in sedentary
time also appears to decrease with age; a longitudinal study of roughly 500 children found a
decrease of approximately 2 breaks/hour/year from age 5 to age 15 (47). These findings suggest
that children become more sedentary with age, and also accumulate their sedentary time in

increasingly prolonged bouts.
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Temporal trends in sedentary behaviour among children and youth
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Figure 2.2 Self-reported media exposure of American youth over time.
Data from Schramm et al. (45) and Rideout et al. (46). Data have not been adjusted for

multi-tasking (e.g. engaging with multiple media simultaneously).

Given the relatively recent introduction of accelerometry in population-based research, it is
difficult to assess temporal trends in objectively measured sedentary time. However, self-
reported media use (including TV, radio, audio, reading, etc) appears to have increased since the
1960’s, with rapid increases observed in the past decade. Schramm et al. (48) reported that
American children in grades 6 and 12 averaged roughly 37 hours/week of total media exposure in
1961. In contrast, recent evidence from the Kaiser Family Foundation reported that American
children between the ages of 8 and 18 years averaged 53 hours/week of total media exposure in
1999, and 75 hours in 2009 (49) (Figure 2.2). After adjusting for multi-tasking (e.g. engaging
with two forms of media simultaneously), the average American youth currently spends 54 hours
engaging with media each week (49). The same report estimated that total media use increased
by 1.5 hours/day among White American children between 1999 and 2009, and by more than 3

hours/day among Black and Hispanic children over the same period (49). A nationally
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representative study of 52,000 children and youth produced a similar estimate of total daily
screen time among contemporary Canadian students (50), and temporal increases in self-reported
screen time have also been reported in Czech girls (but not boys) (51) and Chinese children and
youth (52,53) during the late 1990’s and early 2000’s, although reductions in total screen time
have been reported in Norwegian children (54) and Czech boys (51). Consequently, it is not
surprising that the majority of children in developed nations currently exceed pediatric screen

time recommendations (11,55).

Along with the reported increases in total screen time, there has also been a shift away from TV
viewing, and towards increased computer and video game use in recent decades (49,51,56,57). In
a study of Czech children between 1998 and 2008, the percent of sedentary time accounted for by
TV viewing decreased from 17 to 12% among girls, and from 24 to 15% among boys (51).
During the same period, the proportion of sedentary time accounted for by computer use more
than doubled in both sexes (51). Finally, evidence suggests that sedentary modes of
transportation (e.g. driving) have also increased dramatically since the 1960’s throughout the
Western world (58-60). Taken together, the above evidence suggests that the volume of total
daily sedentary time has likely increased in the past 50 years, with computer and video game use

playing a larger role in recent years.

Sedentary time and markers of adiposity in children and youth

A recent systematic review by Tremblay et al. (61) examined the relationship between sedentary
behaviour (typically assessed via self- or proxy-reported screen time) and adiposity in 170
separate studies of school-aged children. Among 119 cross-sectional studies, 94 observed
positive associations between sedentary behaviour and markers of adiposity. Further, the risk of
being identified as obese increased in a dose-response manner with sedentary time. For example,

in a sample of 461 Mexican children and youth, Hernandez and colleagues observed that the odds
17



of being classified as obese increased by 12% for every hour of self-reported television viewing
(62). These cross-sectional findings are also supported by longitudinal evidence (61,63,64).
Mitchell et al. (64) showed that objectively measured sedentary time was independently
associated with increased weight gain between 9 and 15 years of age among children at the 50",
75™ and 90™ body weight percentiles, independent of other covariates including physical activity,

sleep, and diet.

Finally, evidence from randomized controlled trials demonstrates that reductions in sedentary
time may result in reductions in adiposity (61,65,66). For example, Robinson reported that
elementary school children who were randomized to receive an intervention aimed at reducing
screen time experienced a 0.45 kg/m? reduction in body mass index (BMI) and a 2.30 cm
reduction in waist circumference when compared to control students over a 6 month period (65).
These findings are supported by a recent systematic review and meta-analysis, which concluded
that interventions that reduce sedentary behaviour in children result in a mean decrease in BMI of
0.89 kg/m? (61). These results suggest that sedentary behaviour (especially screen time) has an
independent and causal influence on the risk of excess weight gain and obesity in the pediatric

age group (61,67).

Sedentary time and markers of cardiometabolic disease risk in children and youth

Although it has been the focus of less research than adiposity, emerging evidence suggests that
sedentary behaviour is also independently associated with other markers of cardiometabolic
disease risk in children and youth (5,8-10,12,61,68-71). Goldfield et al. have recently reported
that television viewing and video game playing are independently associated with risk factors for
diabetes and cardiovascular disease, respectively, independent of physical activity in overweight
and obese adolescents (9,10). Similarly, Kriska et al. (71) observed that in comparison to obese

youth without diabetes, those recently diagnosed with diabetes accumulated roughly 1 additional
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hour of objectively measured sedentary time each day. These results are also supported by a
recent report by Wennberg et al. (72), who found that self-reported TV viewing at age 16 is
prospectively associated with the risk of metabolic syndrome at age 43 years. Participants who
reported watching “several TV shows a day” at baseline had twice the odds of having metabolic
syndrome at follow-up, independent of physical activity, socioeconomic status, and family history
of diabetes. Associations were also seen for individual metabolic syndrome components
including central obesity, lipids, and blood pressure (72). As with adiposity, these findings
suggest that sedentary behaviour (typically measured as self-reported screen time) is

independently associated with increased cardiometabolic disease risk in the pediatric population.

The role of sedentary behaviour modality: screen based vs. non-screen based sedentary time

In the 5 year span between 2005 and 2010, the number of investigations assessing sedentary
behaviour using objective measures doubled (29). As the volume of studies using both objective
measures of sedentary behaviour (which assess total sedentary time) and self-reported sedentary
behaviour (which typically focus on specific sedentary behaviours like screen time) has
increased, a surprising trend has become apparent in the literature. While self-reported screen
time is consistently associated with increased adiposity and cardiometabolic disease risk in
children and youth independent of physical activity levels (7-10,61,68,70,73-75), the relationship
between objectively measured sedentary time and health indicators is far less clear. Of the
numerous studies examining the relationship between objectively measured sedentary time and
markers of adiposity and cardiometabolic disease risk in the pediatric population
(5,12,37,64,68,69,71,74-82), only a small number (64,69,79) have detected associations which
remained significant after adjustment for physical activity (Table 2.1). These findings raise
guestions about the health impact of sitting per se, in comparison to the impact of specific screen-

based sedentary behaviours.
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The differences between self-reported screen time and directly measured total sedentary time are
most apparent when examined using a single cohort. For example, Carson and Janssen observed
that self-reported TV viewing was independently associated with clustered cardiometabolic
disease risk in a nationally representative sample of American children and youth (70). In
contrast, the authors observed no independent associations between accelerometer-derived
sedentary time and markers of cardiometabolic risk in the same sample. Similar findings have
also been reported in other cohorts (68,73-75,77). Chaput and colleagues found that self-reported
screen time (but not objectively measured total sedentary time) was independently associated
with increased waist circumference and reduced HDL-cholesterol concentrations in a cohort of
536 children at-risk for obesity (68). Similarly, Martinez-Gomez et al. (75) reported that several
biomarkers were independently and deleteriously associated with self-reported TV viewing, but

not objectively measured sedentary time, in a group of Spanish adolescents.

Given the bias and error that are known to be associated with self-report measures (24,26), it is
somewhat surprising that self-reported screen time appears to be more closely associated with
health indicators than an objective measure of total sedentary time such as accelerometry. It is
not uncommon for studies to report levels of self-reported screen time that seem highly
implausible (26,83), a characteristic that has been observed in other forms of self-report data
collection as well (84). For example, a recent study found that a group of highly active and
highly sedentary 10-11 year old students self-reported an average of 13.9 hours per day of screen
time, and another 5.9 hours of physical activity (26,83). If this were true, it would leave only 4.2
hours each day for eating, sleeping, and attending school, which seems unlikely. It has also been
noted that the association between self-reported and directly measured sedentary behaviour can
be extremely small (23,70). Carson and Janssen observed a correlation of just 0.08 between self-
reported TV viewing and accelerometer-derived sedentary time in a nationally representative

sample of American children and youth (70), suggesting little overlap between the two measures.
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There are a number of factors that could explain the differences observed between self- or proxy-
reported screen time and objectively measured sedentary time in children and youth. Self- and
proxy-reports of sedentary behaviour typically only provide information on a single behaviour (a
subset of total sedentary time), while objective measures of sedentary time provide a global
measure of time spent sedentary. The two types of measures are therefore assessing different
things (23). For this reason, self- and proxy-reported sedentary behaviour typically account for
far less total time than do objective measures; Colley et al. found that parent-reported screen time
was equivalent to only a third of total sedentary time assessed via accelerometry in a
representative sample of Canadian children (23). Given the highly sedentary nature of
contemporary life (42,43,47,85,86), it has also been suggested that the weak associations seen
with objective measures of sedentary behaviour and different health indicators in children and
youth may be due to a lack of inter-individual variability (23). Further, it has been noted that a
variety of methods have been used to process accelerometer data in the pediatric population, and
this may have a significant impact on the results of individual studies, making it difficult to
directly compare results from separate investigations (29,79). For example, studies have
excluded data as “non-wear” time when there are as few as 10 (5,75), or as many as 100 (79)
consecutive minutes with accelerometer values of 0 CPM. Further, although an accelerometer
threshold of 100 CPM is used most commonly to identify sedentary behaviour, thresholds as high
as 1100 CPM have been used in studies examining the relationship between sedentary time and
markers of adiposity and cardiometabolic risk in the pediatric age group (79). While the impact
of such methodological issues is not certain, a recent report by Atkin et al. (79) suggests that
discrepancies in sedentary thresholds (e.g. 100 CPM vs 1100 CPM) are likely to have a much
larger impact than differences in non-wear time. Counter intuitively the same authors reported
that higher thresholds, which therefore classify higher intensities of movement as sedentary time,

result in stronger associations between sedentary time and markers of cardiometabolic disease
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risk in the pediatric population. Further research into the impact of such methodological issues,
and techniques for comparing across studies employing different methodologies, is clearly

warranted.

Finally, as discussed below, it is also possible that certain forms of sedentary behaviour (e.g. TV
viewing and other forms of screen time) may disproportionately promote other unhealthy
behaviours such as excess food intake, which may explain why they are more consistently
associated with health risk in the pediatric population (67,87). Taken together, these findings
suggest that screen time (and especially TV viewing time (88)) may be more closely associated
with markers of cardiometabolic disease risk than total objectively measured sedentary time in
the pediatric population, and this reinforces the notion that researchers should collect data using

both measures whenever possible (22,23).

Characteristics of sedentary behaviour: impact on health indicators

In addition to the health impact of total sedentary time and specific sedentary behaviours (e.g.
screen time), recent evidence in adults suggests that certain patterns of sedentary behaviour may
also have an important health impact (38,39,89,90). A recent systematic review (89) concluded
that prolonged bouts of uninterrupted sedentary behavior have a rapid and deleterious impact on
insulin sensitivity, glucose tolerance, and triglyceride levels in adults. Further, interruptions in
sedentary time have been shown to be beneficially associated with body weight, abdominal fat,
triglycerides and glucose metabolism in adults (38,39,90). These findings have yet to be

replicated in the pediatric population.

Carson and Janssen failed to detect any associations between breaks in sedentary time, sedentary
bout length, and cardiometabolic disease risk in a nationally representative sample of 2,527

American children and youth after adjustment for potential confounders (70). Kwon et al. (47)
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also reported no association between breaks in sedentary time and fat mass in a sample of 544
boys and girls in the lowa Bone Development Study, with similar findings being reported among
children from the Pacific Islands (91). To our knowledge, only one study to date has reported an
association between characteristics of sedentary time and health indicators in children and youth;
Colley and colleagues found that prolonged bouts of sedentary behaviour (those lasting 80+
minutes) are positively associated with waist circumference in boys aged 11-14 years from the
Canadian Health Measures Survey, while the opposite is true for breaks in sedentary time (37).

However, these associations were not observed in older or younger boys, or in girls of any age.

The limited evidence available to date suggests that characteristics of sedentary behaviour may be
less closely associated with cardiometabolic disease risk in children than has previously been
reported in adults. However, it should be noted that the studies that have been published to date
have focused primarily on nationally representative samples of children and youth (37,70). Itis
possible that associations between characteristics of sedentary behaviour and cardiometabolic
disease risk may be stronger in populations with a family history of obesity, as this has previously

been associated with increased childhood cardiometabolic risk (92-94).

Mechanisms by which sedentary behaviour can lead to poor health outcomes in children and
youth

A number of mechanisms have been suggested that could explain the reported associations
between sedentary behaviour and cardiometabolic disease risk in the pediatric population.
Sedentary behaviours are defined by their low energy expenditure, and it has historically been
assumed that they displace physical activity (4). This view is supported by a recent randomized
crossover study which observed that exposing children to several hours of prolonged sitting did
not result in any changes in physical activity levels in the subsequent 24-hour period (95). This

suggests that when children engage in a bout of prolonged sedentary behaviour they do not
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compensate by increasing physical activity levels later on, thereby promoting positive energy
balance (95). However, other evidence suggests that the displacement of physical activity plays a
relatively small role in mediating the relationship between sedentary time and cardiometabolic
disease risk in children and youth (56,67,88,96,97). In a systematic review and meta-analysis
examining the relationship between sedentary behaviours and physical activity, Marshall et al.
(96) reported that while the two are negatively associated, the magnitude of the relationship is too
small to be of clinical significance. As noted above, numerous studies have also observed
significant associations between sedentary behaviour (whether self-reported or directly measured)
and markers of cardiometabolic disease risk independent of physical activity levels in the
pediatric population (9,10,61,70). These findings suggest that a lack of physical activity is not

the primary factor linking sedentary behaviour with health indicators in this age group.

In contrast to a lack of physical activity, a number of studies suggest that screen-based sedentary
behaviours may lead to increased caloric consumption through a variety of mechanisms (98,99).
A recent intervention by Harris et al. (100) observed that exposing children to televised food
advertisements increases subsequent ad libitum food intake by 45%. Similar results have also
been reported by Halford and colleagues (101,102), who reported that the impact of
advertisements on increased food intake is seen across all body weight categories, although it is
most pronounced among children with obesity (101). They also noted that the ability to
recognize food advertisements was positively associated with food intake, and that children with
overweight and obesity were more likely to remember food advertisements after being exposed to
them, when compared to their lean peers (101). It is possible that television viewing may also
result in increased food intake by inducing “mindless eating” (103). An intervention study by
Temple et al. (104) found that children spend more time eating and consume roughly twice as
many calories while watching a continuous television program, in comparison to a control

condition without entertainment. Passive video game playing has also been shown to increase
24



food intake and result in a positive energy balance in the pediatric population. A randomized
crossover study by Chaput et al. (105) observed that compared to sitting quietly, 1 hour of passive
video game play resulted in an 80 kcal increase in ad libitum food intake in adolescent boys. The
collective findings suggest that sedentary screen-based sedentary behaviours (in particular
television viewing) are likely to result in increased energy intake and positive energy balance in

the pediatric population .

Finally, studies in adults suggest that prolonged sitting may have a rapid and direct impact on
metabolic health, independent of changes in body weight or other health behaviours (15,89). For
example, intervention studies report that even relatively short bouts of uninterrupted sedentary
behaviour result in reduced insulin sensitivity, glucose tolerance, and increased triglyceride levels
in adults (20,89,90,106,107). In comparison to a day of sitting that included periodic light-
intensity walk breaks, Dunstan et al. reported that a day of uninterrupted sitting resulted in a 30%
increase in insulin resistance in a group of overweight and obese adults (90). Similar results have
also been reported in normal weight adults (106,107) and may be due to reductions in lipoprotein

lipase and glucose transport protein activity at the level of the skeletal muscle (13,15).

To date only one intervention study has examined the acute effect of prolonged sitting in a
pediatric population. Saunders et al. (108) exposed healthy 10-14 year olds to a day of
uninterrupted sitting, as well as days with periodic interruptions of light and moderate intensity
physical activity. In contrast to previous reports in adults (90), they reported that uninterrupted
sitting did not have any impact on the insulin, glucose or lipid response to a standardized meal in
this population. Although further intervention studies in children and youth are needed, the
available evidence suggests that sitting per se may not have a direct deleterious impact on

cardiometabolic health in healthy children and youth. Though it could be that the inherent
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metabolic health of children is such that current analytical methods have limited sensitivity to

detect subtle, but adverse, physiological changes.

Opportunities for future research

Although the relationship between certain sedentary behaviours (e.g. screen time) and
cardiometabolic disease risk among children and youth are well-established, the impact of sitting
per se is far less clear. As discussed above, independent associations between objectively
measured sedentary time and cardiometabolic risk have been reported by some, but not all
studies. More research is therefore needed to clarify the relationship between objectively
measured sedentary behaviour and health indicators in the pediatric age group. Systematic
reviews and meta-analyses focusing specifically on objectively measured sedentary behaviour (as
opposed to previous reviews that have focused on all sedentary behaviours) may be especially
useful in this regard. Standardization of accelerometry methodology would also allow for much
easier comparisons across studies. Future research should also examine whether any personal
factors such as sex or body weight influence the reporting of screen time, and why some screen-
based sedentary behaviours are associated with health outcomes in certain populations, but not

others (9,10).

More research is also needed into the role played by specific characteristics of sedentary
behaviour in the pediatric population. Only a small number of studies have investigated the
impact of sedentary bout length or breaks in sedentary time in the pediatric population, or the
importance of sedentary behaviour during different periods of the day (37,70). A better
understanding of the characteristics of sedentary behaviour that are most closely associated with
cardiometabolic disease risk is needed in order to develop interventions that are maximally

efficacious in reducing cardiometabolic risk among children and youth. It is also possible that
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previously unexamined aspects of accelerometry data, such as total movement variability, may

provide additional valuable information on movement patterns in the pediatric age group.

Finally, intervention studies are needed that examine the health and behavioural impact of
prolonged sitting in the pediatric population. A recent systematic review concluded that
uninterrupted sedentary behaviour results in rapid and deleterious changes in insulin sensitivity,
glucose tolerance, and lipid levels in adults (89). However, as noted above, these findings have
yet to be replicated in children or youth (108). By extension, it is also unclear whether
substituting sedentary behaviour for standing or light-intensity physical activity can lead to
improvements in cardiometabolic disease risk among the pediatric population. Further research
on the relationship between sedentary behaviours and sleep quality and quantity is also required
given the importance of a good night’s sleep for overall health (109). Additionally, given the
decline of outdoor active play observed over recent decades in children and youth (110), more
research is urgently needed to better understand the implications of excessive indoor time and its

associated sedentary, technology-centered activities on children’s health.

Conclusions

Available evidence suggests that North American children and youth spend between 40 and 60%
of their waking hours engaging in sedentary behaviours (42-44). Markers of adiposity and
cardiometabolic risk are positively associated with sedentary behaviour in general, and with
screen-based sedentary behaviours in particular. These relationships appear to be due to the
influence of screen-based sedentary behaviours on food intake, and may also be due to a direct
metabolic impact of prolonged sitting, although this has received little research attention in the
pediatric population. More research is needed to investigate the impact of characteristics of
sedentary behaviour (sedentary bout length, breaks in sedentary time, etc), and interventions that

examine the health and behavioural impact of sitting per se. Despite limited evidence in children
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and youth, reducing sedentary time in addition to increasing physical activity may have a

significant role in the prevention of chronic diseases, including diabetes.
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Tables

Table 2.1 Comparison of reports examining the association between objectively measured sedentary time and markers of adiposity and

cardiometabolic disease risk among children and youth.

Reference Setting Age N (M/F) Accelerometer Sedentary Cut-Point Key Findings
(Population)
No significant associations reported
Colley et al. (37) Canada 6-19 years | 1,608 (809/799) Actical <100 CPM Sedentary time was not associated with
(General Population) BMI, waist circumference, HDL-cholesterol
or systolic or diastolic blood pressure
independent of age, wear time and MVPA.
Carson and Janssen USA 6-19 years 2,527 (1,284/1,243) Actigraph AM-7124 | <100 CPM Sedentary time was not associated with
(70) (General Population) clustered cardiometabolic risk after
adjustment for age, gender, race, SES,
smoking, total fat, saturated fat, cholesterol,
and sodium, or after additional adjustment
for MVPA.
Martinez-Gomez et | Spain 13-17 years | 183 (95/88) ActiGraph GT1M <100 CPM Sedentary time was not associated with
al. (75) (General Population) CRP, adiponectin or other adipokines after
adjustment for sex, age, and pubertal status,
or after further adjustment for BMI and
MVPA.
Kwon et al. (78) USA 8-15years | 554 (277/277) Actigraph 7164 <100 CPM Sedentary time was not associated with fat

(General Population)

mass after adjustment for height and
MVPA.
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Chaput et al. (74) Canada 8-11 years 550 (299/251) Actigraph LS 7164 <100 CPM Sedentary time was not associated with
(Children with a body fat percentage or waist-to-height ratio
family history of with or without adjustment for age, sex,
obesity) sleep duration, energy intake, sexual

maturation, parental SES and BMI or
MVPA.
Martinez-Gomez et | USA 3-8 years 111 (57/54) Actigraph 7164 <100 CPM Sedentary time was not associated with
al. (77) (General Population) systolic or diastolic blood pressure after
adjustment for age, sex, height or body fat
percentage.

Significant associations reported for at least one outcome, not independent of physical activity.

Sardinha et al. (5) Portugal 9-10 years 308 (161/147) MTI Actigraph <500 CPM Sedentary time positively associated with
(General Population) insulin resistance after adjustment for sex,

sexual maturity, birth weight, measurement
time and both total and central adiposity.

Cliff et al. (12) Australia 5-10 years 126 Actigraph 7164 <100 CPM Sedentary time was negatively associated
(Overweight and with HDL-cholesterol, but not triglycerides,
Obese) total- or LDL-cholesterol after adjustment

for age, sex, adiposity, and diet. Sedentary
time was not associated with any outcome
after additional adjustment for MVPA.

Kriska et al. (71) USA 10-18 years | 551 ActiGraph AM7164 <1MET Obese youths with T2D were sedentary for

(Youth with obesity
and type 2 diabetes)

56 more minutes/day than obese youth
without T2D.

39




Ekelund et al. (82) UK, Switzerland, 4-18 years 20,870 Various types of <100 CPM Sedentary time was associated fasting
Belgium, USA, (10,097/10,773) Actigraph insulin, but not waist circumference,
Australia, Denmark, systolic blood pressure, triglycerides or
Estonia, Norway, HDL-cholesterol after adjustment for age,
Brazil, Portugal sex, wear time, waist circumference and
(General Population) height. Sedentary time was not associated

with any outcome after further adjustment
for MVPA.

Chaput et al. (68) Canada 8-11years | 536 (292/244) Actigraph LS 7164 <100 CPM Sedentary time was positively associated
(Children with a with diastolic blood pressure, but not waist
family history of circumference, triglycerides, systolic blood
obesity) pressure, fasting glucose, or HDL-

cholesterol, after adjustment for age, sex,
waist circumference, sleep duration, energy
intake, sexual maturation, parental SES and
BMI. Sedentary time was not associated
with any outcome after further adjustment
for MVPA.

Basterfield et al. UK 7-9 years 377 (186/191) Actigraph GT1M <1100 CPM Changes in sedentary time were associated

(76)

(General Population)

with increased fat gain in the entire sample
independent of SES, baseline sedentary
time, and baseline fat mass index. This
association was no longer significant after
additional adjustment for MVVPA.

40




Mitchell et al. (80)

UK

(General Population)

12 years

5,434 (2,950/2,844)

Actigraph AM7164

<199 CPM

Sedentary time was significantly associated
with increased risk of obesity independent
gender, SES, pubertal status and early life
sleep and TV habits. These associations
were no longer significant after adjustment
for MVPA.

Steele et al. (81)

UK
(General Population)

9-10 years

1,862 (820/1042)

Actigraph GT1IM

<100 CPM

Sedentary time was positively associated
with waist circumference and fat mass
index (but not BMI) in unadjusted analyses.
Sedentary time remained associated with fat
mass index after adjustment for age, sex,
SES, birth weight, sleep duration or
maternal BMI. Sedentary time was not
associated with any outcome after further
adjustment for MVPA.

Hsu et al. (73)

USA

8-19 years

105 (26/79)

Actigraph GT1M

<100 CPM

Sedentary time was positively associated
with waist circumference and systolic blood
pressure, but not triglycerides, fasting
glucose, HDL-cholesterol or diastolic blood
pressure in unadjusted analyses. After
adjustment for MVVPA, sedentary time was

not associated with any outcome.
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Significant associations reported for at least one outcome, independent of physical activity.

Henderson et al. Canada 8-11years | 424 (222/202) Actigraph LS 7164 <100 CPM Sedentary time was positively associated
(69) (Children with a with insulin resistance after adjustment for
family history of sex, age, pubertal stage, fitness and MVPA,
obesity) but not after additional adjustment for
adiposity.
Mitchell et al. (64) USA 9-15 years | 798 (391/407) ActiGraph 7164 and <100 CPM Sedentary time was associated with weight
(General Population) GTM1 gain the 50th 75th and 90th BMI percentiles
independent of gender, race, maternal
education, hours of sleep, healthy eating
scores and MVPA. No significant
associations were observed at lower BMI
percentiles.
Atkin et al. (79) Denmark, Estonia 9,15 years | 2,327(1,059/1,268) MTI Actigraph <100, <500, <800, In meta-regression using data from all cut-

and Portugal

(General Population)

and <1100 CPM

points, sedentary time was associated with
increased clustered cardiometabolic disease
risk (but not adiposity) independent of age
group, age, sex, study location, sexual
maturity, day of the week, season, wear
time, adiposity and total physical activity.
The relationship between sedentary time
and clustered risk was stronger at higher

accelerometry thresholds.

CPM, counts per minute; MVVPA, moderate and vigorous physical activity; SES, socioeconomic status; HDL, high density lipoprotein; BMI, body

mass index; CRP, C-Reactive Protein.
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Abstract

Background: Although reports in adults suggest that breaks in sedentary time are associated with
reduced cardiometabolic risk, these findings have yet to be replicated in children.

Purpose: To investigate whether objectively measured sedentary behavior, sedentary bouts or
breaks in sedentary time are independently associated with cardiometabolic risk in a cohort of
Canadian children aged 8-11 years with a family history of obesity.

Methods: Data from 286 boys and 236 girls living in Quebec, Canada, with at least one
biological parent with obesity (QUALITY cohort) were collected from 2005-2008, and analyzed
in 2013. Sedentary behavior, light and moderate-to-vigorous physical activity were measured
over 7 days using accelerometry. Leisure time computer/video game use and TV viewing over the
past 7 days were self-reported. Outcomes included waist circumference, body mass index Z-
score, fasting insulin, fasting glucose, triglycerides, HDL-cholesterol, C-reactive protein and a
continuous cardiometabolic risk score.

Results: After adjustment for confounders, breaks in sedentary time and the number of sedentary
bouts lasting 1-4 minutes were associated with reduced cardiometabolic risk score and lower BMI
Z-score in both sexes (all p<0.05). The number of sedentary bouts lasting 5-9 minutes was
negatively associated with waist circumference in girls only, while the number of bouts lasting
10-14 minutes was positively associated with fasting glucose in girls, and with BMI Z-score in
boys (all p<0.05). Leisure time computer/video game use was associated with increased
cardiometabolic risk score and waist circumference in boys, while TV viewing was associated
with increased cardiometabolic risk, waist circumference, and BMI Z-score in girls (all p<0.05).
Conclusions: These results suggest that frequent interruptions in sedentary time are associated
with a favourable cardiometabolic risk profile and highlight the deleterious relationship between

screen time and cardiometabolic risk among children with a family history of obesity.
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Background

Sedentary behavior (e.g. sitting or reclining while expending < 1.5 metabolic equivalents) [1] is
independently associated with increased cardiometabolic risk in children and youth [2-10].
Recent systematic reviews have reported that sedentary behavior is associated with reduced
cardiorespiratory fitness, increased adiposity and elevated risk of metabolic syndrome in the
pediatric age group [3,4]. However, while a growing body of evidence suggests that sedentary
behavior represents a novel risk factor for chronic disease among children and youth, it is unclear
which characteristics and modalities of sedentary behavior are most closely associated with

increased health risk in this population [5,7,8,11].

Self-reported screen-based sedentary behaviors (e.g. television viewing, computer use, video
game playing, etc.) have been consistently associated with increased markers of cardiometabolic
risk in children and youth, independent of physical activity levels [3,5,7-9]. In contrast, studies
examining accelerometer-derived measures of sedentary behavior in this age group have often
failed to detect a significant association with markers of cardiometabolic risk after adjustment for
confounders [5,11-14]. Similarly, while interruptions in objectively measured sedentary time are
beneficially associated with markers of cardiometabolic risk in adults [15,16], these findings have
yet to be replicated in the pediatric age group [5,11] where activity profiles are highly intermittent
[17]. A better understanding of the relationship between characteristics of sedentary behavior and
markers of cardiometabolic risk is necessary to inform lifestyle interventions and public health

policies aimed at reducing chronic disease risk in children and youth.

The purpose of the present study was to investigate whether objectively measured sedentary time,
or characteristics related to the accumulation of sedentary behavior (e.g. breaks in sedentary time
or the accumulation of sedentary time in bouts of various lengths) are independently associated

with cardiometabolic risk in a cohort of Canadian children aged 8-11 years with a family history
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of obesity. It was hypothesized that a continous cardiometabolic risk score would be positively
associated with sedentary behavior, and negatively associated with breaks in sedentary time in

this population.

Materials and Methods

Study population

The sample consisted of 630 children enrolled in the QUebec Adiposity and Lifestyle
InvesTigation in Youth (QUALITY) cohort, which has been described previously [18]. Briefly,
participants in the QUALITY cohort are white and aged 8-11 years at study entry, and all
participants have at least one biological parent with obesity (i.e. a body mass index (BMI) >30
kg/m? or abdominal waist circumference >88 cm for women or >102 cm for men). Children were
excluded from the cohort if they were consuming a very low calorie diet (<600 kcal/day), had a
serious physical or mental health condition that could compromise participation in the study, had
diabetes (type 1 or type 2), or were currently taking steroids, B-blockers, thiazides or other drugs

for hypertension.

Roughly 400 000 flyers were distributed between 2005 and 2008 to families with children in
Grades 2-5, in 1040 primary schools within 75 km of Montreal, Quebec City and Sherbrooke in
Quebec, Canada. Of 3350 families who contacted the study coordinator, 1320 met all inclusion
criteria. Reasons for non-participation at baseline among eligible families were: (i) not interested,
81%; (ii) at least one parent did not agree to participate or was unavailable, 11%; (iii) child
declined to participate, 4%; (iv) lived too far from a study centre, 2%; (v) insufficient time, 1%;

and (vi) other, 1%.
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All data included in the present analysis were collected during baseline examinations between
2005 and 2008. The present cross-sectional analysis was performed in 2013 and includes 522

participants with complete data for all variables of interest.

Ethics Statement

This project was approved by the institutional ethics review boards at Centre Hospitalier
Universitaire Sainte-Justine and Laval University. Written informed parental consent and child
assent were obtained for all participants, in accordance with the principles expressed in the

Declaration of Helsinki.

Outcome Measures

All markers of cardiometabolic risk were assessed during a hospital visit. Height was measured
to the nearest millimeter using a wall-mounted stadiometer. Weight was assessed to the nearest
0.1 kg using a spring scale that was calibrated daily. Waist circumference was assessed at the
midpoint of the lowest rib and iliac crest at the end of a normal exhalation. Body mass index
(BMI) was calculated by dividing body mass (kg) by height in meters squared, and converted to a
BMI Z-score based on values published by the Centers for Disease Control and Prevention [19].
All anthropometric measurements were taken in duplicate with participants wearing indoor
clothing without shoes or sweaters and measured according to standardized methods by trained

research assistants [18].

Metabolic markers were assessed using venous blood samples collected following a 12-hour
overnight fast, analyzed in batches at a single site (CHU Sainte-Justine Clinical Biochemistry
laboratory) [18]. Plasma insulin was measured with the ultrasensitive Access immunoassay
system (Beckman Coulter, Brea, CA, USA). Glucose (oxidase method), HDL-C and triglycerides

(enzymatic method) were measured using a Synchron LX, while high sensitivity C-Reactive
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Protein (hs-CRP) (immunoassay method) was measured using a Synchron CX (Beckman Coulter,
Brea, CA, USA). Blood pressure was measured on the right arm, with the child in a sitting
position and at rest for at least 5 min, using an oscillometric instrument (Dinamap model
CR9340, GE Healthcare, Mississauga, ON). Three consecutive measures were obtained with a 1
minute break between each measure. The average value of the 3 measures was used in the present

analyses.

Calculation of a Continuous Cardiometabolic Risk Score
A sex-specific continuous cardiometabolic risk score was calculated for each participant as
follows:

Continuous Cardiometabolic Risk Score = -zHDL + zInsulin + zGlucose +
zTriglycerides + (zBMI + zZWC)/2 + (zSBP + zDBP)/2
This cardiometabolic risk score was used as a means of estimating an individual’s global
cardiometabolic risk. In contrast to a dichotomous metabolic syndrome diagnosis, this approach
results in a continuous risk score that increases statistical power, and has been used in several

recent investigations in the pediatric population [6,20,21].

Physical activity and sedentary behavior

Obijectively measured sedentary behavior and physical activity were assessed using the Actigraph
LS 7164 accelerometer (Actigraph, Pensacola, FL, USA) for one week. Participants were
instructed to wear the accelerometer on the right hip during all waking hours, except during
bathing or aquatic activities such as swimming. Acclerometry data were downloaded as 1-min
epochs and were processed using SAS 9.2 (SAS Institute, Cary, NC, USA) and Microsoft Excel
(Microsoft, Redmond, WA, USA) according to standardized quality control and data reduction
procedures [22]. Non-wear time was defined as at least 60 consecutive minutes of zero counts,

with allowance for up to 2 minutes of counts between 0 and 100 [22]. A valid day was defined as
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> 10 hours of monitor wear time, and only participants with 4 or more valid days (including at
least one weekend day) were included in the present analyses. There were no significant
differences in any marker of cardiometabolic risk between participants with and without valid

accelerometer data (data not shown).

Sedentary behavior was defined as all minutes with an average activity count of less than 100
counts/minute, light physical activity (LPA) as all minutes with an activity count of 100-2296
counts/minute, and moderate-to-vigorous intensity physical activity (MVPA) as any minute with
an activity count greater than 2296 counts/minute [23]. A sedentary bout was defined as 1 or
more consecutive minutes with less than 100 counts/minute. The number of daily bouts of
sedentary time lasting 1-4 minutes, 5-9 minutes, 10-14 minutes, 15-29 minutes, and 30+ minutes
were calculated for each participant. Breaks in sedentary time were calculated as any interruption
in sedentary time lasting one minute or longer in which the accelerometer counts per minute rose
up to or above 100 [15]. Daily television (TV) viewing, and leisure time computer/video game
use (surfing the internet, playing video games on a computer or other device, etc.) were assessed
using self-report questionnaires. Participants were asked how many hours they spent watching
TV and using the computer for fun on weekdays and weekend days, and a mean score over the 7
days was computed. These questions are similar to those used in the Youth Risk Behavior

Survey, and have been shown to be valid and reliable in the pediatric age group [24].

Covariates

Sexual maturation was assessed by a research nurse and was scored from 1 (pre-pubertal) to 5
(adult) according to Tanner stages [25,26]. Ten percent of boys and 35% of girls had a Tanner
stage of 2 or higher, indicating that they had begun puberty. Baseline questionnaires ascertained

highest educational level of the parents (high school, pre-university level [College
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d’enseignement général et professionnel for Quebec], university) and total annual family income

(categorized into 12 groups ranging from <$10,000 to $140,000 CAD or more).

Statistical Analyses

Sex-by-sedentary behavior interactions were investigated for all outcomes of interest. Significant
sex interactions were observed for waist circumference, BMI Z-score, glucose, insulin, and hs-
CRP, therefore all analyses have been performed in boys and girls separately. Fasting insulin and
plasma triglycerides were non-normally distributed and were therefore transformed using a Box-

Cox transformation prior to their inclusion in statistical analyses.

Independent t-tests were performed to assess differences in behavioral and cardiometabolic risk
factors between boys and girls. Simple correlations were used to examine the relationship
between self-reported and accelerometer-derived sedentary behavior. Regression analyses were
performed to determine the associations between sedentary behavior and both the continuous
cardiometabolic risk score and individual markers of cardiometabolic risk. Initial models were
unadjusted, while subsequent analyses adjusted for accelerometer wear time, age, light and
moderate-to-vigorous physical activity, total sedentary time, BMI Z-score (unless included in the
outcome), Tanner stage, parental income and level of education. These covariates were chosen as
they were associated with multiple markers of cardiometabolic risk in both sexes (all p<0.05).
Statistical significance was set at a p value of <0.05. All statistical analyses were performed using

SAS version 9.2 (SAS Institute, Cary, NC).

Results
Characteristics of study participants are presented in Table 3.1. In comparison to girls, boys were
significantly more physically active and spent more time using computers/playing video games in

their leisure time (all p <0.01). Boys also had higher concentrations of fasting glucose and HDL -
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Cholesterol and lower diastolic blood pressure, triglycerides and fasting insulin (all p < 0.01).
There were no differences between boys and girls in age, objectively measured sedentary time,
LPA, self-reported television viewing, continuous cardiometabolic risk score or any
anthropometric measurement (all p >0.05). The number of daily sedentary bouts of each length
was similar for both sexes. Boys accumulated fewer bouts of sedentary behavior lasting 1-4
minutes (p<0.05) while there were no differences between sexes for the number of sedentary
bouts lasting 5-9 minutes, 15-29 minutes, or 30+ minutes (all p>0.05). Accelerometer-derived
sedentary time was positively associated with leisure time computer/video game use in boys only
(r=0.20, p=0.008), but was not associated with self-reported TV viewing in either sex (all

p>0.10).

Unadjusted Associations

Associations between characteristics of sedentary behavior and markers of cardiometabolic
disease risk are presented in Tables 3.2 and 3.3. In boys, the continuous cardiometabolic risk
score was positively associated with total sedentary time, the number of sedentary bouts lasting
10-14 minutes, the number of bouts lasting 15-29 minutes, and both TV viewing and leisure time
computer/video game use, while it was negatively associated with the number of sedentary bouts
lasting 1-4 minutes (all p < 0.05). Among girls, the continuous cardiometabolic risk score was
positively associated with total sedentary time, sedentary bouts lasting 5-9, 10-14 minutes, and
15-29 minutes, as well as both TV viewing and leisure time computer/video game use (all p <

0.05).

Adjusted Associations
In the fully adjusted model, breaks in sedentary time were negatively associated with the
continuous cardiometabolic risk score (boys:  =-0.057, 95% Cl=-0.106, -0.008; girls: = -

0.084, 95% CI=-0.143,-0.024) and BMI Z-scores (boys: p = -0.026, 95% CI=-0.040, -0.012;
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girls: B =-0.032, 95% CI=-0.048, -0.016) in both sexes (all p<0.05). Similar associations were
also observed for the number of sedentary bouts lasting 1-4 minutes. The number of sedentary
bouts lasting 5-9 minutes was negatively associated with waist circumference in girls only (f = -
0.355, 95% CI=-0.686, -0.025) (p<0.05). The number of sedentary bouts lasting 10-14 minutes
was positively associated with fasting glucose in girls (f = 0.078, 95% C1=0.024, 0.133), and
with BMI Z-score in boys (p = 0.169, 95% CI=0.035, 0.302). The number of sedentary bouts
lasting 15-29 minutes was negatively associated with fasting triglycerides (f = -0.072, 95% Cl=-
0.140, -0.003) and hs-CRP (B = -0.279, 95% Cl=-0.498, -0.060) in boys only (all p<0.05).
Finally, leisure time computer/video game use was positively associated with continuous
cardiometabolic risk (f = 0.485, 95% CI=0.084, 0.886) and waist circumference (f = 0.799, 95%
ClI=0.141, 1.457), and negatively associated with HDL-cholesterol ( = -0.041, 95% CI=-0.070, -
0.012) in boys only, while TV viewing was positively associated with continuous cardiometabolic
risk (B = 0.736, 95% CI1=0.404, 1.068), waist circumference ( = 0.664, 95% C1=0.153, 1.174)

and BMI Z-score in girls only ( = 0.197, 95% C1=0.099, 0.294) (all p<0.05).

Discussion

The results of the present study demonstrate that breaks in sedentary time and short bouts of
sedentary behavior (e.g. those lasting 1-4 minutes) are associated with reduced cardiometabolic
risk and BMI Z-scores in children aged 8-11 independent of total sedentary time and physical
activity. These cross-sectional results suggest that children who frequently interrupt their
sedentary time may experience lower levels of cardiometabolic risk than those who accumulate
sedentary behavior with less frequent interruptions. Markers of cardiometabolic risk were also
more closely associated with self-reported leisure time computer/video game use and TV viewing

than with objectively measured total sedentary time in this population.
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To our knowledge, this is the first study to report a beneficial association between breaks in
sedentary time and global cardiometabolic risk in the pediatric population. Healy and colleagues
have previously reported that breaks in sedentary time are independently and beneficially
associated with adiposity, glucose metabolism, triglyceride levels and hs-CRP in adults [15,16]
although recent studies have generally failed to detect similar associations in children and youth
[5,11]. Carson and Janssen [5] did not observe any association between breaks in sedentary time
and continuous cardiometabolic risk in a representative sample of American children and youth
aged 6-19 years. Examining another representative sample Canadian youth aged 6-19 years,
Colley et al [11] found that breaks in sedentary time accumulated after 3pm on weekdays were
associated with lower waist circumference in boys aged 11-14 years. However, they reported that
breaks in sedentary time were not significantly associated with any other outcome in older or

younger boys, or in girls of any age.

The explanation for this discrepancy between the present findings and previous investigations in
the pediatric age group is not immediately clear. While the present analysis focused on children
with a parental history of obesity, previous investigations into the role of breaks in sedentary
behavior among children and youth have focused on representative samples of the Canadian [11]
and American [5] pediatric populations. Due to differences in study methodology (e.g.
participant age range, accelerometer model, etc) it is not possible to directly compare levels of
overweight/obesity, markers of cardiometabolic disease risk or MVPA across the three studies.
However, it is possible that associations between breaks in sedentary time and cardiometabolic
risk may be stronger in the present population with a family history of obesity, as parental obesity
has been associated with increased childhood cardiometabolic risk by some [27-29] but not all
studies [30]. This difference in study population may help to explain why the present results are
more similar to those reported previously by Healy and colleagues in adults [15,16], rather than

other investigations in children and youth [5,11].
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Several mechanisms have been proposed which could explain the beneficial associations between
breaks in sedentary time, short bouts of sedentary time, and continuous cardiometabolic risk
observed in the present study. Imposed bouts of prolonged sedentary behavior have been shown
to acutely reduce insulin sensitivity and increase triglyceride levels in adults [31], effects which
are likely due to reductions in lipoprotein lipase and glucose transport protein activity in skeletal
muscle [32, 33]. Similarly, frequent walk breaks have been shown to greatly reduce the acute
metabolic impact of prolonged sitting in overweight adults [34]. If the impact of chronic breaks
in sedentary time are similar to those observed acutely in adults, this could provide a plausible
mechanism linking frequent interruptions in sedentary behavior with lower levels of
cardiometabolic disease risk. However, a recent study by Saunders and colleagues failed to
detect any acute impact of prolonged sitting, with or without interruptions, on markers of
cardiometabolic risk in healthy children and youth [35]. Therefore, given that breaks and short
bouts of sedentary behavior were not independently associated with any individual markers of
cardiometabolic risk other than BMI Z-score in the present study, it is also possible that excess

body weight may simply predispose children toward less frequent interruptions in sedentary time.

The current finding that cardiometabolic risk appears to be more closely associated with self-
reported TV viewing and leisure time computer/video game use than with objectively measured
sedentary time is consistent with other findings in the pediatric population [5]. As noted recently
by Pereira and Power, self-reported sedentary behaviours are poorly understood at present [36].
As a result, the reason for the discrepancy between objective and subjective measures of
sedentary behavior in the present study is not clear. Given that self-report measures often differ
dramatically from those based on accelerometry [37,38], it is somewhat surprising that it is self-
reported sedentary behaviors which are more consistently associated with health risk in the

pediatric population. However, it should be noted that self-reported screen time is only able to
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assess a single form of sedentary behaviour, while accelerometry provides a global measure of
time spent sitting. As noted elsewhere, the two measures are therefore assessing different
constructs [39,40]. This point is underscored by the recent findings of Carson and Janssen, who
reported a correlation of just 0.08 between self-reported TV viewing and objectively measured

sedentary time in a large sample of American children and youth [5].

The present findings suggest that it may be the behaviors children engage in while seated (e.g.
increased food intake), rather than the act of sitting per se, that most strongly influences the
development of cardiometabolic risk in the pediatric age group [39, 41-44]. For example, it has
been reported that exposure to both video games [44] and television commercials [43] result in
increased ad libitum food intake in children and youth. In contrast, sitting passively appears to
have no impact on subsequent food intake or other forms of behavioural compensation (39,43-
45]. The relationship between screen-based sedentary behaviours and excess food intake may
therefore help to explain the associations observed between TV viewing, leisure time
computer/video game use, and markers of cardiometabolic disease risk in the present study.
More research into the mechanisms linking self-reported and directly measured sedentary

behavior with markers of cardiometabolic risk is clearly warranted.

It is interesting to note that the associations between both self-reported and objectively measured
aspects of sedentary behaviour appear to be more closely associated with measures of adiposity
than with other markers of cardiometabolic disease risk in the present sample. This may be due
to the fact that excess adiposity typically precludes the development of cardiometabolic
dysfunction in children and youth [46]. For example, it has been reported that just 4% of obese
adolescents have type 2 diabetes, whereas greater than 90% of youth with diabetes are overweight
or obese [46]. Furthermore, it is known that the duration of obesity is strongly related to the risk

of cardiometabolic dysfunction [47]. This may help to explain why sedentary behaviours are
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consistently associated with diabetes and cardiovascular disease in adults [48], despite the
relatively few significant associations observed for markers of cardiometabolic disease risk in the

present study.

The present study includes several strengths and limitations that warrant mention. The present
study included objectively measured sedentary time and cardiometabolic risk factors. However, it
was also cross-sectional in nature, precluding the determination of causality. Screen-based
sedentary behaviours were assessed via self-report, which may have introduced additional error
into the current analyses, when compared with more objective measures. Self-report measures
have been shown to systematically over-estimate physical activity in children and youth [38], and
it is possible that screen-based sedentary behaviours may be similarly over- or underestimated in
this population. However, it should be noted that any error or response bias would be likely to
bias the associations between screen-based sedentary behaviours and markers of cardiometabolic
disease risk towards the null, which underscores the associations observed in the present analyses.
It should also be noted that the accelerometer protocol employed by the present study may have
resulted in some light physical activities (e.g. standing still) being inadvertently identified as
sedentary behavior. Future studies which employ inclinometers may therefore be able to more
accurately distinguish between seated and standing activities [49]. These findings are also based
on a sample of white youth with a family history of obesity, and therefore may not generalize to

all children or to other age groups.

Conclusions

The results of the present study demonstrate that breaks in sedentary time and short bouts of
sedentary behavior are independently and beneficially associated with markers of cardiometabolic
risk in children with a family history of obesity. These results also suggest that cardiometabolic

risk is more closely associated with measures of self-reported leisure time screen time than with
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objectively measured sedentary time in this population. Future studies should investigate whether
minimizing screen time or introducing frequent interruptions in sedentary time prevent the

development of cardiometabolic risk among children with a family history of obesity.
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Tables

Table 3.1 Characteristics of study participants.

Boy (n=286) Girl (n=236) P value
Age (years) 9.2(9.1,9.3) 9.1(9.0,9.2) 0.55
Height (cm) 139.3(138.4,140.2) | 138.4(137.3,139.5) | 0.20
Weight (kg) 38.2(36.9, 39.5) 38.1(36.7, 39.6) 0.94
BMI (kg/m?) 19.4 (18.9, 19.9) 19.6 (19.0, 20.1) 0.61
Waist Circumference (cm) 67.6 (66.2, 69.0) 67.3 (65.8, 68.8) 0.82
Sedentary Time (min/day) 363.5(354.9 372.1) | 366.7(358.1 3754) | 0.61
Number of valid days of accelerometry (days) 6.5 (6.4, 6.6) 6.5 (6.4, 6.6) 0.98
Number of hours of accelerometry data (hours/day) | 13.8 (13.7, 13.9) 13.6 (135, 13.7) 0.02
LPA (min/day) 403.9 (397.1,410.6) | 409.5 (402.9,416.1) | 0.24
MVPA (min/day) 61.2 (57.8, 64.6) 41.2 (38.8, 43.6) <0.01
Sedentary Bouts 1-4 Minutes (number/day) 67 (66, 68) 70 (69, 72) <.01
Sedentary Bouts 5-9 Minutes (number/day) 13 (12, 14) 13 (13, 14) 0.58
Sedentary Bouts 10-14 Minutes (number/day) 4 (4,5) 4 (4,5) 0.88
Sedentary Bouts 15-29 Minutes (number/day) 3(3,3) 3(3,3) 0.92
Sedentary Bouts 30+ Minutes (number/day) 2(2,2) 2(2,2) 0.22
TV viewing (hours/day) 2.0(18,2.2) 1.8 (1.6, 2.0) 0.12
Computer/video game use (hours/day) 1.1(0.9,1.2) 0.6 (0.5,0.7) <0.01
Systolic BP (mmHg) 95 (94, 96) 94 (93, 95) 0.23
Diastolic BP (mmHg) 49 (49, 50) 50 (50, 51) 0.01
Insulin (pmol/L) 30.1(27.9, 32.3) 38.2(34.9,41.5) <0.01
Glucose (mmol/L) 5.00 (4.96, 5.04) 4.90 (4.85, 4.94) <0.01
HDL-Cholesterol (mmol/L) 1.22 (1.19, 1.25) 1.16 (1.13,1.19) <0.01
Triglycerides (mmol/L) 0.76 (0.72, 0.80) 0.89 (0.84, 0.95) <0.01
hs-CRP (mg/L) 1.09 (0.82, 1.36) 1.20 (0.92, 1.48) 0.57
Continuous Cardiometabolic Risk Score 0.03 (-0.41, 0.48) 0.03 (-0.47,0.53) 0.98

Data presented as means (95% confidence intervals).
P values represent sex differences assessed using an independent Student’s t-test.
Clustered cardiometabolic risk score was calculated by summing z-scores for insulin, glucose,
triglycerides, inverted HDL-cholesterol, blood pressure, BMI, and waist circumference for each

participant.

BMI, body mass index; LPA, light intensity physical activity; MVPA, moderate-to-vigorous
physical activity; TV, television; BP, blood pressure; HDL, high density lipoprotein; hs-CRP,

high sensitivity C-reactive protein.
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Table 3.2 Associations of sedentary behavior and physical activity with markers of cardiometabolic risk in boys.

Use (hours/day)

(0.300, 1.073)*

(0.394, 2.863)*

(-0.049, 0.164)

(0.012, 0.119)*

(-0.004, 0.068)

(-0.069, -0.017)*

(-0.021, 0.076)

Continuous WC (cm) BMI (Z-Score) Insulin (pmol/L) Glucose HDL-C (mmol/L) Triglycerides hs-CRP (mg/L)
Cardiometabolic (mmol/L) (mmol/L)
Risk
Model 1
Sedentary Time (min/day) 0.010 0.040 0.002 0.001 0.0001 -0.0003 0.001 0.004
(0.004, 0.016)* (0.022, 0.059)* (0.001, 0.004)* (0.001, 0.002)* (-0.0004, 0.001) | (-0.0007, 0.0001) (-0.0002, 0.001) (0.001, 0.006)*
Breaks in Sedentary Time -0.020 -0.093 -0.006 -0.004 -0.002 -0.001 -0.004 0.002
(number/day) (-0.059, 0.018) (-0.215, 0.030) (-0.017, 0.004) (-0.010, 0.001) (-0.005, 0.002) (-0.004, 0.001) (-0.008, 0.001) (-0.014, 0.019)
Sedentary Bouts 1-4 -0.065 -0.271 -0.019 -0.009 -0.002 0.001 -0.005 -0.017
Minutes (number/day) (-0.100, -0.003)* | (-0..82,-0.161)* | (-0.028,-0.009)* | (-0.014, -0.005)* (-0.005, 0.002) (-0.002, 0.003) (-0.010, -0.001)* | (-0.032,-0.002)*
Sedentary Bouts 5-9 0.069 0.357 0.010 0.006 -0.004 -0.008 0.003 0.077
Minutes (number/day) (-0.076, 0.214) (-0.103, 0.816) (-0.028, 0.049) (-0.015, 0.026) (-0.018, 0.009) (-0.018, 0.002) (-0.015, 0.021) (0.014, 0.139)*
Sedentary Bouts 10-14 0.594 2.526 0.158 0.078 -0.010 -0.026 0.038 0.219
Minutes (number/day) (0.279, 0.908)* (1.547, 3.506)* (0.074, 0.241)* (0.034, 0.121)* (-0.041, 0.020) (-0.048, -0.004)* (-0.001, 0.076) (0.084, 0.354)*
Sedentary Bouts 15-29 0.391 2.071 0.122 0.063 0.006 -0.004 0.006 0.126
Minutes (number/day) (0.059, 0.723)* (1.034, 3.107)* (0.034, 0.210)* (0.017, 0.108)* (-0.025, 0.038) (-0.026, 0.019) (-0.035, 0.047) (-0.016, 0.269)
Sedentary Bouts 30+ 0.6620 2973 0.217 0.109 -0.006 -0.012 0.049 0.066
Minutes (number/day) (-0.015, 1.256) (0.962, 4.984)* (0.048, 0.386)* (0.021, 0.197)* (-0.065, 0.053) (-0.056, 0.031) (-0.029, 0.127) (-0.209, 0.341)
TV Viewing (hours/day) 0.465 0.904 0.088 0.041 0.024 -0.015 0.027 0.130
(0.204, 0.726)* (0.068, 1.740)* (0.017, 0.160)* (0.005, 0.078)* (-0.0001, 0.049) (-0.033, 0.003) (-0.006, 0.060) (0.017, 0.243)*
Computer/Video Game 0.687 1.629 0.058 0.066 0.032 -0.043 0.028 0.173

(0.007, 0.340)*
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Use (hours/day)

(0.084, 0.886)*

(0.141, 1.457)*

(-0.097, 0.128)

(-0.017, 0.079)

(-0.028, 0.055)

(-0.070 -0.012)*

(-0.034, 0.064)

Continuous WC (cm) BMI (Z-Score) Insulin Glucose HDL-C Triglycerides hs-CRP (mg/L)
Cardiometabolic (pmol/L) (mmol/L) (mmol/L) (mmol/L)
Risk
Model 2
Sedentary Time (min/day) 0.011 0.038 -0.001 0.001 0.002 -0.001 -0.0004 0.003
(-0.019, 0.041) (-0.012, 0.087) (-0.009, 0.008) (-0.003,0.004) | (-0.001,0.005) (-0.003, 0.001) (-0.004, 0.003) (-0.009, 0.015)
Breaks in Sedentary Time -0.057 -0.027 -0.026 -0.002 0.001 -0.001 -0.005 0.005
(number/day) (-0.106, -0.008)* (-0.110, 0.057) (-0.040, -0.012)* | (-0.008,0.004) | (-0.005, 0.006) (-0.005, 0.002) (-0.011, 0.001) (-0.014, 0.025)
Sedentary Bouts 1-4 -0.063 -0.052 -0.028 -0.001 -0.001 -0.001 -0.002 -0.00002
Minutes (number/day) (-0.111, -0.015)* (-0.133, 0.030) (-0.041-0.016)* (-0.007, 0.005) | (-0.006,0.004) (-0.004, 0.003) (-0.008, 0.004) (-0.019, 0.019)
Sedentary Bouts 5-9 -0.048 0.080 -0.039 -0.007 -0.005 -0.011 0.005 0.047
Minutes (number/day) (-0.245, 0.148) (-0.244, 0.404) (-0.094, 0.015) (-0.030, 0.017) | (-0.025,0.015) (-0.025, 0.003) (-0.019, 0.029) (-0.029, 0.123)
Sedentary Bouts 10-14 0.473 0.334 0.169 0.001 -0.041 -0.030 0.018 -0.073
Minutes (number/day) (-0.006, 0.952) (-0.468, 1.135) (0.035, 0.302)* (-0.057,0.060) | (-0.091,0.009) (-0.065, 0.004) (-0.041, 0.077) (-0.262, 0.115)
Sedentary Bouts 15-29 -0.165 -0.721 0.128 -0.033 -0.004 0.026 -0.072 -0.279
Minutes (number/day) (-0.735, 0.405) (-1.653,0.211) (-0.029, 0.285) (-0.101, 0.035) | (-0.063, 0.055) (-0.015, 0.067) (-0.140, -0.003)* | (-0.498, -0.060)*
Sedentary Bouts 30+ 0.321 0.194 0.153 0.038 0.004 0.007 0.017 -0.171
Minutes (number/day) (-0.411, 1.054) (-1.021, 1.409) (-0.051, 0.357) (-0.050, 0.126) | (-0.070,0.077) (-0.046, 0.060) (-0.072, 0.106) (-0.447, 0.106)
TV Viewing (hours/day) 0.249 -0.176 0.050 0.003 0.020 -0.001 -0.006 0.050
(-0.020, 0.519) (-0.623, 0.272) (-0.026, 0.125) (-0.029, 0.036) | (-0.008, 0.048) (-0.021, 0.018) (-0.039, 0.027) (-0.055, 0.155)
Computer/Video Game 0.485 0.799 0.016 0.031 0.013 -0.041 0.015 0.145

(-0.011, 0.300)

Model 1. Unadjusted analyses.

Model 2. Adjusted for accelerometer wear time, age, light and moderate-to-vigorous physical activity, total sedentary time (except when

exposure), BMI Z-score (except when included in outcome), Tanner stage, parental income and level of education. Data are presented as beta

coefficients (95% confidence intervals). n=286.
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Associations assessed using linear regression analysis. Data are presented as beta coefficients (95% confidence intervals). n=286.
*=p<0.05
Fasting insulin and plasma triglycerides have been transformed using a Box-Cox transformation.

Continous cardiometabolic risk score was calculated by summing z-scores for insulin, glucose, triglycerides, negative HDL-cholesterol, blood

pressure, BMI, and waist circumference for each participant.

BMI, body mass index; HDL-C, high density lipoprotein cholesterol; hs-CRP, high sensitivity c-reactive protein; MVPA, moderate-to-vigorous

physical activity; TV, television; WC, waist circumference.
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Table 3.3 Associations of sedentary behavior and physical activity with markers of cardiometabolic risk in girls.

Continuous WC (cm) BMI (Z-Score) | Insulin (pmol/L) | Glucose (mmol/L) HDL-C (mmol/L) Triglycerides hs-CRP (mg/L)
Cardiometabolic (mmol/L)
Risk
Model 1

Sedentary Time (min/day) 0.010 0.034 0.001 0.020 0.001 -0.0002 0.0001 -0.001
(0.002,0.017)* | (0.013,0.056)* | (-0.001,0.003) (0.001, 0.003)* | (-0.00004, 0.0010) (-0.001, 0.0002) (-0.001, 0.001) (-0.004, 0.002)

Breaks in Sedentary Time 0.013 -0.020 -0.009 0.004 0.004 0.001 -0.00004 -0.009
(number/day) (-0.039, 0.065) (-0.177, 0.137) (-0.023, 0.005) (-0.004, 0.012) (-0.001, 0.009) (-0.002, 0.004) (-0.006, 0.006) (-0.030, 0.011)

Sedentary Bouts 1-4 Minutes -0.016 -0.124 -0.009 -0.004 -0.00001 0.001 0.0004 -0.005
(number/day) (-0.064, 0.032) (-0.266, 0.017) (-0.022, 0.004) (-0.011, 0.004) (-0.004, 0.004) (-0.002, 0.004) (-0.005, 0.006) (-0.024, 0.014)

Sedentary Bouts 5-9 Minutes 0.211 0.527 0.024 0.043 0.012 -0.004 0.001 0.013
(number/day) (0.031,0.391)* | (-0.009, 1.063) (-0.026, 0.074) (0.016, 0.071)* (-0.004, 0.029) (-0.015, 0.007) (-0.021, 0.022) (-0.058, 0.085)

Sedentary Bouts 10-14 Minutes 0.510 1.025 -0.016 0.087 0.052 -0.016 0.012 -0.057
(number/day) (0.120,0.899)* | (-0.141,2.191) (-0.124, 0.092) (0.027, 0.146)* (0.017, 0.087)* (-0.039, 0.008) (-0.034, 0.058) (-0.211, 0.097)

Sedentary Bouts 15-29 Minutes 0.413 1512 0.017 0.086 0.026 -0.012 -0.006 -0.048
(number/day) (0.012,0.814)* | (0.338,2.686)* | (-0.093,0.126) (0.025, 0.146)* (-0.010, 0.062) (-0.036, 0.012) (-0.053, 0.040) (-0.206, 0.110)

Sedentary Bouts 30+ Minutes 0.442 1.346 0.033 0.130 0.012 0.014 0.044 -0.248
(number/day) (-0.314, 1.198) (-0.906, 3.597) (-0.174,0.241) (0.015, 0.246)* (-0.056, 0.080) (-0.032, 0.059) (-0.044, 0.133) (-0.544, 0.047)

TV Viewing (hours/day) 0.774 2.458 0.176 0.099 0.023 -0.030 0.050 0.196
(0.475,1.072)* | (1.557,3.359)* | (0.090,0.261)* | (0.053,0.145)* (-0.005, 0.051) (-0.048, -0.011)* | (0.014,0.087)* | (0.074,0.319)*

Computer/Video Game Use 0.902 3.215 0.191 0.133 0.010 -0.037 0.058 0.203

(hours/day)

(0.314, 1.490)*

(1.456, 4.974)*

(0.026, 0.356)*

(0.044, 0.222)*

(-0.043, 0.064)

(-0.073, -0.001)*

(-0.011, 0.127)

(-0.033, 0.440)
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Continuous WC (cm) BMI (Z-Score) Insulin Glucose HDL-C Triglycerides hs-CRP (mg/L)
Cardiometabolic (pmol/L) (mmol/L) (mmol/L) (mmol/L)
Risk
Model 2

Sedentary Time (min/day) 0.014 -0.015 0.005 -0.0001 -0.0001 -0.0001 0.001 -0.006
(-0.353, 0.957) (-0.056, 0.027) (-0.003, 0.014) (-0.003, 0.003) (-0.003, 0.003) (-0.002,0.002) | (-0.003,0.004) | (-0.016, 0.005)

Breaks in Sedentary Time -0.084 -0.012 -0.032 -0.001 0.002 0.0001 -0.002 0.009
(number/day) (-0.143, -0.024)* (-0.102, 0.079) (-0.049, -0.015)* | (-0.008, 0.007) (-0.004, 0.008) (-0.003,0.004) | (-0.010,0.005) | (-0.014,0.031)

Sedentary Bouts 1-4 Minutes -0.097 -0.066 -0.032 -0.004 -0.001 -0.0003 -0.003 0.008
(number/day) (-0.153, -0.041)* (-0.152, 0.019) (-0.048, -0.016)* | (-0.010, 0.003) (-0.006, 0.005) (-0.004, 0.003) | (-0.010,0.004) | (-0.013,0.029)

Sedentary Bouts 5-9 Minutes 0.041 -0.355 0.020 0.004 0.002 0.004 -0.009 0.012
(number/day) (-0.192, 0.274) (-0.686, -0.025)* (-0.047, 0.087) (-0.023, 0.031) (-0.020, 0.024) (-0.010, 0.018) | (-0.036,0.018) | (-0.072,0.096)

Sedentary Bouts 10-14 Minutes 0.484 -0.603 -0.010 0.017 0.078 -0.026 0.049 -0.017
(number/day) (-0.106, 1.073) (-1.451, 0.245) (-0.181, 0.162) (-0.053,0.086) | (0.024,0.133)* | (-0.062,0.009) | (-0.020,0.118) | (-0.230, 0.196)

Sedentary Bouts 15-29 Minutes 0.512 -0.073 0.157 -0.028 -0.001 -0.020 0.012 -0.067
(number/day) (-0.209, 1.233) (-1.107, 0.962) (-0.049, 0.363) (-0.112, 0.056) (-0.069, 0.067) (-0.064, 0.023) | (-0.071,0.096) | (-0.328,0.194)

Sedentary Bouts 30+ Minutes -0.260 0.241 -0.061 0.043 -0.032 0.043 0.062 -0.240
(number/day) (-1.112, 0.592) (-0.980, 1.463) (-0.308, 0.185) (-0.057, 0.144) (-0.111, 0.046) (-0.008, 0.093) | (-0.038,0.162) | (-0.542,0.062)

TV Viewing (hours/day) 0.736 0.664 0.197 0.016 0.005 -0.009 0.030 0.108
(0.404, 1.068)* (0.153, 1.174)* (0.099, 0.294)* (-0.026, 0.058) (-0.028, 0.039) (-0.030 0.013) (-0.012,0.072) | (-0.020, 0.235)

Computer/Video Game Use 0.560 0.548 0.141 0.021 0.006 -0.025 0.020 0.105

(hours/day)

(-0.076, 1.197)

(-0.373, 1.468)

(-0.043, 0.325)

(-0.054, 0.096)

(-0.055, 0.066)

(-0.064, 0.013)

(-0.055, 0.095)

(-0.126, 0.335)

Model 1. Unadjusted analyses.

Model 2. Adjusted for accelerometer wear time, age, light and moderate-to-vigorous physical activity, total sedentary time (except when

coefficients (95% confidence intervals). n=286.
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exposure), BMI Z-score (except when included in outcome), Tanner stage, parental income and level of education. Data are presented as beta




Associations assessed using linear regression analysis.

Associations assessed using linear regression analysis. Data are presented as beta coefficients (95% confidence intervals). n=236.

*=p<0.05

Fasting insulin and plasma triglycerides have been transformed using a Box-Cox transformation.

Continuous cardiometabolic risk score was calculated by summing z-scores for insulin, glucose, triglycerides, negative HDL-cholesterol, blood

pressure, BMI, and waist circumference for each participant.

BMI, body mass index; HDL-C, high density lipoprotein cholesterol; hs-CRP, high sensitivity c-reactive protein; MVPA, moderate-to-vigorous

physical activity; TV, television; WC, waist circumference.
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Chapter 4 - Study 2: Movement variability is associated with clustered

cardiometabolic disease risk in American youth.
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Abstract

Objective: Both the intensity and volume of physical activity are associated with reduced health
risk, while the opposite may be true for prolonged bouts of sedentary behavior. This suggests that
movement variability, defined as minute-to-minute changes in accelerometer counts per minute,
may also be associated with cardiometabolic disease risk. The purpose of this study was to
determine whether movement variability was independently associated with markers of
cardiometabolic disease risk in a representative sample of American youth aged 12-17 years.
Research Design and Methods: This study included 1460 adolescents from the 2003/04 and
2005/06 National Health and Nutrition Examination Surveys. Physical activity, sedentary
behaviour, and movement variability (defined as minute-to-minute changes in accelerometer
counts) were measured over 7 days using accelerometry. Outcomes included waist circumference,
body mass index Z-score, fasting insulin, fasting glucose, triglycerides, HDL- and LDL-
cholesterol, systolic and diastolic blood pressure, and a clustered cardiometabolic disease risk
score.

Results: Participants in the highest tertile of movement variability were characterized by
relatively low levels of sedentary time and high levels of moderate and vigorous physical activity
and breaks in sedentary time (all p<0.05). Movement variability was negatively associated with
clustered cardiometabolic disease risk and systolic blood pressure in both sexes independent of
physical activity, sedentary time and other covariates (all p<0.05).

Conclusions: These findings provide evidence that movement variability is independently
associated with clustered cardiometabolic disease risk in American youth. Therefore, in addition
to targeting increases in physical activity and decreases in sedentary time, frequent changes in

movement intensity may be important for optimal health among youth.
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Introduction

Whether accumulated sporadically or in bouts lasting several minutes, moderate and vigorous
physical activity (MVPA) is consistently associated with reduced cardiometabolic disease risk in
youth (1-3). Further, the benefits of a given volume of physical activity appear to increase with
exercise intensity (2,4-8). Recent findings suggest that even short bouts of vigorous intensity
physical activity are likely to have a positive impact on adiposity, cardiorespiratory fitness, blood
pressure, vascular function, and insulin sensitivity (5-8). These findings suggest that intense

bouts of activity, even when brief in duration, have an important impact on fitness and health.

In contrast to MVPA, emerging research suggests that sedentary behavior (activities that involve
sitting or reclining while expending < 1.5 metabolic equivalents(9)) may be independently
associated with increased health risk in youth (10-13). Furthermore, research among adults
suggests the manner in which sedentary behavior is accumulated may also influence health risk.
In particular, prolonged bouts of uninterrupted sedentary behavior appear to have a rapid and
deleterious impact on health (14,15), while interruptions in sedentary time are beneficially
associated with body weight, abdominal fat, triglycerides and glucose metabolism in adults (15—

17) and with waist circumference in boys (18).

The above findings suggest that movement variability, defined as minute-to-minute changes in
accelerometer counts per minute (CPM), may account for variation in cardiometabolic disease
risk beyond that accounted for by MVPA and sedentary time. In comparison to individuals with
low levels of movement variability, individuals with high movement variability are likely to
accumulate higher amounts of MVPA, and lower amounts of sedentary behavior. For a given
volume of sedentary behavior and MVPA, an individual with a high level of movement
variability is also likely to have a greater number of breaks in sedentary time, and higher average

physical activity intensity (See Figure 4.1). Furthermore, it has recently been proposed that with
75



respect to various biological processes, variability per se may also be beneficial to health (19-23).
For example, mechanical ventilators that include random variations in breathing rate and volume
result in improved oxygen saturation and organ function, when compared to ventilators that
provide constant output (19,23). To date no studies have examined the relationship between

movement variability and cardiometabolic disease risk in any population.

6000 -

—{—High Variability —i— Low Variability
5000 | 0
4000 - [l

3000

2000 -

1000 -

Accelerometer Counts Per Minute (CPM)

Time of day

Figure 4.1 Examples of high and low movement variability.

Both individuals have the same amount of total MVVPA and sedentary time, although the
high variability individual has a cumulative variability of 51080 CPM, while the low
variability individual has a cumulative variability 10180 CPM.

The purpose of the present study was to investigate the relationship between minute-to-minute
movement variability and markers of cardiometabolic disease risk in a representative sample of
American youth aged 12-17 years. We hypothesized that movement variability would be
associated with improved cardiometabolic disease risk independent of MVPA and sedentary

behavior in this population.
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Research Design and Methods

Participants

The present study is based on the 2003-2004 and 2005-2006 cycles of the Nutrition Health and
Nutrition Examination Survey (NHANES), a nationally representative cross-sectional survey of
Americans, which includes both a detailed health interview and a series of direct physical
measures. The study was approved by the National Center for Health Statistics, and consent was
obtained from all participants and their parents/guardians. A total of 3428 participants aged 12-

17 took part in the 2003-2004 and 2005-2006 iterations of the NHANES.

Measurement of Physical Activity, Sedentary Behavior, and Movement Variability

Physical activity, sedentary behavior, and movement variability were collected using the
Actigraph AM-7124 accelerometer (Actigraph, Ft. Walton Beach, FL), which participants were
asked to wear on their right hip for 7 consecutive days except when sleeping or engaging in
aquatic activities such as swimming or bathing. Acclerometry data were downloaded as 1-min
epochs and were processed using SAS 9.2 (SAS Institute, Cary, NC, USA) according to
standardized quality control and data reduction procedures (24). Non-wear time was defined as
at least 60 consecutive minutes of zero counts, with allowance for 1 to 2 minutes of counts
between 0 and 100 (24). A valid day was defined as >10 hours of monitor wear time, and only
participants with 4 or more valid days, including at least 1 weekend day, were included in the
present analyses. Time spent in moderate (> 4 metabolic equivalents) and vigorous intensity
physical activity (> 7 metabolic equivalents) was determined using age-specific accelerometer
cut-points (25,26). Sedentary behavior was defined as < 100 counts per minute (CPM). A break
in sedentary time was defined as any episode lasting 1 minute or longer where the accelerometer

count rose to 100 CPM or higher (16). MVPA, VPA, sedentary time, breaks in sedentary time,
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and movement variability were adjusted by wear time by standardizing the variables using the

residuals obtained when regressing the variables on wear time (27).

Movement variability was defined as the absolute minute-to-minute variability in accelerometer
CPM, for all wear-time on valid days. For example, consecutive minutes with accelerometer
counts of 85, 2000 and 150 CPM, have a cumulative variability score of 3765 CPM ((|2000-85|) +
(]150-2000J)). Variability scores were summed for each valid day, and an average daily

variability score was calculated for each participant.

Outcome Measures

All markers of cardiometabolic disease risk, including anthropometric measures, fasting insulin
and glucose, triglycerides, HDL- and LDL-cholesterol, and blood pressure were taken by trained
personnel at the mobile examination center visit (28). Weight was assessed using a Toledo digital
scale (Mettler-Toledo, LLC, Columbus, OH) while participants wore a paper gown. Height was
assessed using a fixed stadiometer. BMI was calculated by dividing body mass (kg) by height in
meters squared, and converted to a BMI Z-score based on values published by the CDC (29).

Waist circumference was made at the level of the iliac crest following a normal expiration.

HDL-cholesterol was measured using the direct HDL immunoassay method, while total
cholesterol and triglycerides were measured enzymatically. LDL-cholesterol was calculated from
measured values of total cholesterol, triglycerides, and HDL-cholesterol according to the
Friedewald equation (30). Glucose and insulin measurements differed slightly between 2003-
2004 and 2005-2006; glucose was assessed via the hexokinase method using the Roche Cobas
Mira (F. Hoffmann-La Roche Ltd, Basel, Switzerland) in 2003-2004, and with the Roche/Hitachi
911 in 2005-2006. Insulin was analyzed via immunoenzymometric assay in 2003-2004 and via

ELISAIn 2005-2006 (31). A validated regression equation was used to convert values from
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2005-2006 to those which were directly comparable to values from 2003-2004 (31). Blood
pressure was measured manually four consecutive times on the right arm while seated, and the
average blood pressure was calculated after excluding the first reading, except when only one

reading was taken (n=86 for systolic blood pressure and n=113 for diastolic blood pressure).

Calculation of Clustered Cardiometabolic Disease Risk Score
An age and sex-specific clustered cardiometabolic disease risk score was calculated for each
participant as follows:

Clustered Cardiometabolic Disease Risk Score = -zHDL + zInsulin + zGlucose +
zTriglycerides + (zBMI + zZWC)/2 + (zSBP + zDBP)/2 (32)
This clustered risk score was used as a means of estimating an individual’s global

cardiometabolic disease risk, and is based broadly on the metabolic syndrome (32).

Covariates

Age, sex, self-ascribed ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, other),
poverty-to-income ratio (a measure of socioeconomic status (SES), calculated as the ratio
between family income and poverty threshold), smoking status, and energy intake were included
as covariates. Ethnicity was self-reported by participants, and was included because previous
research has observed significant interactions between sedentary behavior and ethnicity in the
past (17). Smoking was assessed by asking participants "Have you ever tried cigarette smoking,
even 1 or 2 puffs?", and participants were dichotomized to categories of “yes” or “no”. Energy

intake was assessed by 24-hour recall.

Statistical Analyses
Insulin, glucose, triglycerides, waist circumference, MVVPA, vigorous physical activity (VPA),

and breaks in sedentary time were non-normally distributed, and therefore log transformed prior
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to inclusion as the outcome in any statistical analysis. Sex-by-variability and ethnicity-by-
variability interactions were investigated for all outcomes of interest. We observed significant
sex interactions but not ethnicity interactions for clustered risk, HDL-Cholesterol and
triglycerides; therefore, all analyses have been performed in boys and girls separately. T-tests
were used to assess differences in movement variability between boys and girls. Linear
regression analyses were used to examine the association between movement variability and
markers of cardiometabolic disease risk after adjustment for age, ethnicity, SES, energy intake,
smoking, and waist circumference (when not an outcome) (Model 1), and after additional
adjustment for sedentary behavior and MVPA (Model 2). All regression results are presented as

the change in the outcome per 10 000 CPM increase in movement variability.

Participants were also divided into sex-specific tertiles of movement variability. Initial
ANCOVAs were used to examine whether MVPA, VPA, sedentary behavior or breaks in
sedentary time differed by tertile of movement variability, with adjustment for age, ethnicity,
SES, energy intake and smoking status. Subsequent ANCOV As were performed to assess
whether the clustered cardiometabolic disease risk score varied according to tertiles of movement
variability, after adjustment for age, ethnicity, SES, energy intake, smoking, sedentary behavior
and MVPA. A Bonferroni correction was used to adjust for multiple comparisons in post hoc

tests following ANCOVASs to assess differences between individual tertiles.

Data are presented as means and 95% confidence intervals (Cl) unless otherwise noted. Statistical
significance was set at a p value of <0.05. All statistical analyses were performed using SAS
version 9.2 (SAS Institute, Cary, NC) and accounted for the complex design and sample weights
of NHANES. Due to missing data and significant differences in age and ethnicity between
included and excluded participants, sample weights were re-weighted for non-response to achieve

a representative sample.
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Results

Subject characteristics are presented in Table 4.1. Full accelerometry and non-fasting blood
sample data were available for 1460 participants (707 girls, 753 boys), however only 656
participants (314 girls, 342 boys) had full data for fasting blood samples (insulin, glucose,
triglycerides, and LDL-Cholesterol). Thus analyses involving these outcomes and the clustered
risk score have a sample of 656 participants, while analyses involving non-fasting outcomes
(body mass index (BMI), waist circumference, HDL-Cholesterol, and systolic and diastolic blood

pressure) include the full sample of 1460.

Approximately 52% of the sample was male, with an average age of 14.9 years. Participants spent
57% of their time engaging in sedentary behavior, and 3% engaging in MVPA. On average,
participants accumulated 276976 CPM of movement variability during each valid day, with boys
accumulating significantly more than girls (Girls: 245747 (238025, 253469); Boys: 306911

(296630, 317193), p< 0.0001).

Physical activity and sedentary behavior across tertiles of movement variability are presented in
Table 4.2. In both sexes MVPA, VPA and breaks in sedentary time significantly increased across

tertiles of movement variability, while sedentary time significantly decreased (all p<0.0001).

The associations between movement variability and markers of cardiometabolic disease risk are
presented in Table 4.3. In both sexes, movement variability was associated with reduced
clustered risk and systolic blood pressure independent of MVPA, sedentary time, and other
covariates (all p<0.05). Movement variability was also independently associated with reduced
diastolic blood pressure in girls, reduced fasting glucose and insulin in boys, and increased BMI

in boys (all p<0.05). After back-transforming glucose and insulin from the log scale in boys, an
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additional 10 000 CPM of movement variability was associated with a 0.1 (0.0, 0.2)% lower

fasting glucose level, and with a 1.9 (0.8, 3.0)% lower fasting insulin.

The association between tertiles of movement variability and clustered risk is shown in Figure
4.2. There was a significant trend for reduced clustered risk with increasing tertiles of movement
variability independent of MVVPA, sedentary time, and other covariates (all p<0.05) in both sexes.
Clustered risk was significantly reduced in the highest tertile of movement variability compared
to the lowest tertile in both boys and girls, while risk was also reduced in the middle tertile for

boys only (all p <0.05).

2 7 OGirls mBoys

Clustered Risk Score

1 2 3
Tertile of Movement Variability (CPM)

Figure 4.2 Clustered cardiometabolic disease risk across tertiles of movement variability.
Associations assessed using ANCOVAs with adjustment for age, ethnicity, SES, energy

intake and smoking status. Data are presented as mean * standard error.
*=significantly different from Tertile 1 of same sex, p<0.05.
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Conclusions

The results of the present study support our hypothesis, and demonstrate that total movement
variability is beneficially associated with clustered cardiometabolic disease risk in youth
independent of covariates including energy intake, MVVPA, and sedentary behavior. These
findings also illustrate that individuals with high levels of movement variability are characterized
by relatively low levels of sedentary behavior, and high amounts of MVPA, VPA, and breaks in
sedentary time. These findings suggest that youth with high levels of variability in their
movement patterns are likely to experience lower clustered risk than participants with lower

levels of movement variability.

This is the first study to investigate the relationship between movement variability and
cardiometabolic disease risk in any population, and therefore makes a novel contribution to the
literature. However, the clinical and public health significance of these findings is not yet clear.
These results suggest that a 100 000 CPM increase in daily movement variability could reduce
clustered metabolic risk by approximately 1.5 units in boys, and by 1 unit in girls. To put this in
perspective, this could be achieved by just 50 transitions from sedentary behavior to light
physical activity, or an equivalent number of transitions from light to moderate activity. This
increase in variability might be most easily achieved by activities which include alternations of
high and low intensity movement, such as soccer or basketball (33,34). Guagliano and colleagues
(34) report that during basketball, soccer and netball games, adolescent girls spend roughly 40%
of their time being sedentary, 30% engaging in light activity, and 15% in both MPA and VPA. A
similar range of movement behaviors have been reported during soccer games involving
adolescent boys (33). It is conceivable that household chores such as gardening or sweeping

could also contribute to increased variability (35).
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The present findings suggest that for a given energy expenditure, interventions that produce
greater increases in total movement variability may bring about greater health benefits in youth.
Future research should investigate the health impact of variability per se, and examine whether
different methods of increasing movement variability (e.g. frequent breaks in sedentary time vs
increased time spent in variable MVVPA) bring about comparable improvements in
cardiometabolic health. If interventions targeting movement variability are shown to be
efficacious in improving cardiometabolic health in at-risk youth, this could lead to interventions
which are more feasible and attractive to non-exercisers than traditional programs focusing on

structured bouts of MVPA.

There are a number of mechanisms that could explain the results observed in the present study.
Variability is a key component of all forms of interval training — by repeated exposure to brief but
intense stressors, an individual is exposed to a greater total load than would be possible if the
intensity were consistent over time (5). Similar effects are likely to contribute to the beneficial
associations observed in the present study. Movement variability was associated with reduced
sedentary time, increased breaks in sedentary time, and increased volume of both MVPA and
VPA — all factors that have been individually linked with improved health. This suggests that
individuals with high levels of movement variability may benefit from the same mechanisms
associated with these other movement behaviors, including increased lipoprotein lipase and
glucose transport protein activity (36,37), increased mitochondrial capacity (5) and vascular
function (5,37). Future research is needed to investigate the mechanisms underlying the
relationships observed in the present study, and to determine whether there are benefits related to
movement variability per se, or whether it is simply a proxy measure for other important

movement behaviors.
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It has recently been argued that with respect to various forms of biological stimuli, variability per
se may be beneficial to health (19-23). For example, it has been shown that randomly varying
the rate and volume of breaths provided by a mechanical ventilator results in enhanced gas
exchange and reduced stress in the lung, heart and brain when compared to ventilators that
provide breaths at a constant rate and volume (19,23). Further, it has been noted that disease
states such as Parkinson’s disease (gait patterns) and congestive heart failure (heart rate
variability) are characterized by dramatic reductions in variability (21). Finally, some have
suggested that variations in energy intake via intermittent fasting may lead to improvements in
markers of cardiometabolic disease risk in adults (20,22). Interestingly, children living in
traditional lifestyles, such as Old Order Amish and Mennonite communities, appear to have
greater variability in their movement profiles than children living a contemporary lifestyle (38).
Given the current findings and those cited above, it is plausible that total movement variability

may have a direct influence on markers of cardiometabolic disease risk in youth.

The present study has several important strengths and limitations that warrant mention. Strengths
include the objective measurement of key movement variables and markers of cardiometabolic
disease risk. Our study also included a large and representative sample of American youth aged
12-17. Limitations include the cross-sectional design, which precludes determinations of
causality. Further, several important confounders included in the present study (SES, smoking
status, and energy intake) were self-reported, which may have resulted in residual confounding

(39,40).

In conclusion, the present study provides evidence that movement variability is associated with
improved clustered cardiometabolic disease risk as well as physical activity and sedentary
behavior profiles in American youth. These results suggest that independent of MVPA and total

sedentary time, increases in movement variability may result in improved health in this age
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group. Further research is needed to investigate the mechanisms underlying these relationships,
and to determine whether increased movement variability per se is sufficient to improve health in

this population.
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Tables

Table 4.1 Subject characteristics.

Variables Total (N=1460)
Age (years) 14.9 (14.8, 15.0)
Sex (%)

Male 51.6 (753/1460)
Female 48.4 (707/1460)
Race (%)

Non-Hispanic white 23.1 (337/1460)
Non-Hispanic black 35.1 (512/1460)
Hispanic 38.4 (561/1460)
Other 3.4 (50/1460)

Accelerometer Derived Variables*

Total wear time (minutes/day)

860 (849, 871)

Sedentary behavior (minutes/day)

488 (479, 498)

Moderate and vigorous physical activity (minutes/day) 29 (26, 32)
Vigorous physical activity (minutes/day) 5(3,6)
Breaks in sedentary time (number/day) 98 (97, 100)

Movement variability (counts/minute)

276976 (269637, 284315)

Markers of cardiometabolic disease risk

BMI (kg/m?)

22.6 (22.2, 23.0)

Waist Circumference (cm)

78.9 (77.8, 79.9)

Insulin (pmol/L)

66 (60, 72)

Glucose (mmol/L)

5.05 (5.00, 5.11)

Triglycerides (mmol/L)

0.93 (0.86, 1.01)

HDL-Cholesterol (mmol/L)

1.36 (1.34, 1.39)

LDL-Cholesterol (mmol/L)

2.29 (2.20, 2.38)

Systolic Blood Pressure (mmHg)

108 (107, 109)

Diastolic Blood Pressure (mmHg)

59 (58, 60)

Continuous data are presented as mean (95% confidence interval). Percentages are presented as

percent (numerator/denominator).
*Corrected for wear time using the residuals method
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Table 4.2 Physical activity and sedentary behavior across tertiles of movement variability.

Tertile 1 Tertile 2 Tertile 3 p for trend
Females
Movement variability (counts/min) 181354 (177470, 185239) | 242329 (238467, 246191) | 326946 (315218, 338675)
MVPA (mins/day) 10 (8, 11)" 19 (16, 21)° 34 (31, 37)* <0.001
VPA (mins/day) 2(0,4) 2(1,3) 5 (4, 6)* <0.001
Sedentary time (mins/day) 550 (535, 565) 518 (500, 536)" 459 (439, 479)* <0.001
Breaks in sedentary time (number/day) 96 (94, 97)" 96 (95, 97)" 99 (98, 100)* <0.001
Males
Movement variability (counts/min) 212089 (202663, 221515) | 305792 (301729, 309855) | 414946 (401964, 427928)
MVPA (mins/day) 20 (13, 28)" 32 (29, 36)° 64 (56, 72)* <0.001
VPA (mins/day) 4(0,8)" 4(3,4) 11 (7, 16)* <0.001
Sedentary time (mins/day) 530 (509, 552)" 461 (444, 478)" 399 (380, 419)* <0.001
Breaks in sedentary time (number/day) 97 (93, 102)" 97 (97, 99)° 105 (101, 110)* 0.0002

Associations assessed using ANCOVAs with adjustment for age, ethnicity, SES, energy intake and smoking status. Data are presented as mean

(95% confidence interval). n=1460.

Columns with different superscript symbols are significantly different, p<0.05.
Although raw values are displayed in the above table, log transformed MVPA, VPA, and breaks in sedentary time were included in statistical

analyses.

MVPA: moderate and vigorous physical activity; VPA: vigorous physical activity
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Table 4.3 Associations between movement variability and markers of cardiometabolic

disease risk in participants aged 12-17 years.

Outcomes Model 1 Model 2

Females
Clustered Risk -0.063 (-0.114, -0.012)" | -0.072 (-0.124, -0.020)
BMI z-Score -0.000 (-0.020, 0.010) -0.000 (-0.020, 0.010)

Log transformed waist circumference

-0.001 (-0.005, 0.002)

-0.003 (-0.008, 0.001)

Log transformed insulin

-0.009 (-0.022, 0.004)

-0.009 (-0.023, 0.004)

Log transformed glucose

-0.000 (-0.002, 0.002)

0.000 (-0.002, 0.002)

Log transformed triglycerides

-0.002 (-0.016, 0.011)

-0.003 (-0.017, 0.011)

HDL-Cholesterol (mmol/L)

0.002(-0.004, 0.007)

0.001(-0.005, 0.008)

LDL-Cholesterol (mmol/L)

0.007 (-0.010, 0.023)

0.005(-0.010, 0.021)

Systolic Blood Pressure (mmHQ)

-0.261 (-0.411, -0.110)"

-0.262 (-0.442, -0.080)"

Diastolic Blood Pressure (mmHg)

-0.184 (-0.348, -0.021)"

-0.102 (-0.289, 0.086)

Males

Clustered Risk

-0.091 (-0.171, -0.011)"

-0.119 (-0.193, -0.046)

BMI z-Score

0.010 (0.000, 0.010)"

0.010 (0.000, 0.010)"

Log transformed waist circumference

-0.001 (-0.004, 0.001)

-0.001 (-0.004, 0.001)

Log transformed insulin

-0.010 (-0.020, 0.000)

-0.019 (-0.030, -0.008)"

Log transformed glucose

-0.000 (-0.001, 0.001)

-0.001 (-0.002, -0.000)"

Log transformed triglycerides

-0.007 (-0.016, 0.001)

-0.004 (-0.014, 0.006)

HDL-Cholesterol (mmol/L)

0.003(-0.001, 0.007)

0.004(-0.001, 0.010)

LDL-Cholesterol (mmol/L)

-0.002(-0.014, 0.010)

0.002(-0.016, 0.019)

Systolic Blood Pressure (mmHQ)

-0.108 (-0.239, 0.023)

-0.171 (-0.308, -0.033)"

Diastolic Blood Pressure (mmHg)

-0.015 (-0.150, 0.116)

0.065 (-0.140, 0.268)

Associations assessed using linear regression.
Data are presented as the change in outcome associated with a 10 000 CPM increase in movement

variability (95% confidence interval).

Model 1: Adjusted for age, ethnicity, SES, kcal, smoking and WC (when not in outcome).
Model 2: Adjusted as above, as well as sedentary behavior and moderate and vigorous physical

activity.

Insulin, glucose, triglycerides, and waist circumference were log transformed prior to analyses.
Analyses involving BMI, WC and HDL-cholesterol and blood pressure included 707 females and
753 males participants, while all others included 314 females and 342 males.

*=statistically significant, p<0.05.

BMI: body mass index; WC: waist circumference; HDL-C: HDL-cholesterol; LDL-C: LDL-

cholesterol.
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Chapter 5 - Study 3: Prolonged sitting and markers of cardiometabolic

disease risk in children and youth: a randomized crossover study
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Structured Abstract

Obijective: Recent evidence suggests that short bouts of uninterrupted sedentary behavior reduce
insulin sensitivity and glucose tolerance while increasing triglyceride levels in both healthy and
overweight/obese adults. To date no study has examined the acute impact of uninterrupted sitting
in children and youth. The objective of the present study was to determine whether 8 hours of
uninterrupted sitting increase markers of cardiometabolic disease risk in healthy children and
youth, in comparison to 8 hours of sitting interrupted by light intensity walk breaks or structured
physical activity.

Materials/Methods: 11 healthy males and 8 healthy females between the ages of 10 and 14 years
experienced 3 conditions in random order: (1) 8 hours of uninterrupted sitting (Sedentary); (2) 8
hours of sitting interrupted with a 2-minute light-intensity walk break every 20 minutes (Breaks);
and (3) 8 hours of sitting interrupted with a 2-minute light-intensity walk break every 20 minutes
as well as 2 x 20 minutes of moderate-intensity physical activity (Breaks+Physical Activity).
Insulin, glucose, triglyceride, HDL and LDL cholesterol area under the curve were calculated for
each condition.

Results: We observed no significant differences in the area under the curve for any marker of
cardiometabolic disease risk across the 3 study conditions (all p>0.09).

Conclusions: These results suggest that in comparison to interrupted sitting or structured
physical activity, a single bout of 8 hours of uninterrupted sitting does not result in measurable
changes in circulating levels of insulin, glucose, or lipids in healthy children and youth.

Key Terms: Sedentary behavior, insulin sensitivity, glucose tolerance, pediatric population
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BMI: Body mass index

REE: Resting Energy Expenditure
IAUC: Incremental area under the curve
HDL: High density lipoprotein

LDL: Low density lipoprotein
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Introduction

Prolonged bouts of uninterrupted sedentary behavior (sitting or reclining while expending < 1.5
metabolic equivalents [1]) result in deleterious changes in insulin sensitivity, glucose tolerance,
and plasma triglyceride levels in both healthy and overweight/obese adults [2-8]. Although
initial studies in this area focused primarily on long-term bed rest and other restrictive forms of
sedentary behavior [8], more recent studies have found that prolonged sitting may also result in
significant reductions in insulin sensitivity and glucose tolerance in adult participants [3-5].
Dunstan and colleagues have recently reported that insulin and glucose responses to a
standardized meal were elevated by nearly 25% following 7 hours of uninterrupted sitting in
overweight and obese adults, in comparison to sitting with periodic light-intensity walk breaks
[5]. Moreover, Stephens et al [4] reported that a single day of sitting reduced insulin action by

39% among a group of recreationally active young adults.

Despite the recent findings in adults, to date the effects of uninterrupted sitting in the pediatric
population remain unexamined. Epidemiological studies have reported consistent associations
between sedentary behavior and metabolic dysfunction in children and youth [9-11], suggesting
that prolonged sitting may have a measurable health impact in this population. Given that the
average child in North America spends more than half their waking hours sitting down [12-14],
any cardiometabolic disease risk resulting from uninterrupted sedentary behavior in this age
group would be of great public health importance. The objective of the present randomized
crossover study was to determine whether 8 hours of uninterrupted sitting would result in
increased concentrations of common markers of cardiometabolic disease risk in healthy children
and youth, in comparison to a day of sitting interrupted by light intensity walk breaks, with and

without structured physical activity.
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Methods

Participants

Nineteen healthy children and youth (11 male, 8 female) aged 10-14 years were recruited for this
study. There were no limits placed on body weight or physical activity levels prior to study entry.
Written consent was obtained from the parents of all participants prior to participation. Oral
assent was obtained from participants aged 10-13 years, while participants aged 14 years
provided written consent. This study conformed to the ethical standards outlined in the
Declaration of Helsinki and was approved by the Research Ethics Boards at the Children’s

Hospital of Eastern Ontario Research Institute and the University of Ottawa.

Standardized meal Standardized meal

Blood Draw (BD) BD BD BD BD BD

Participant arrives
in lab, begins sitting
" ‘ . . . L .
! ! T 1 T T T T T T

07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00

Participant returns home

Sedentary

Breaks

Breaks+PA I

20-minute walk at 60% VO,peak 2-minute walk at 30% VO,peak

Figure 5.1 Overview of the study protocol.

Baseline Testing Session

Participants visited the Behavioral and Metabolic Research Unit at the University of Ottawa on 4
occasions — 1 baseline session and 3 experimental sessions — each separated by at least one week.
Participants arrived for all sessions at 07:30, and were instructed to fast and abstain from

structured exercise for 12 hours prior to each visit. The baseline session included measurements
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related to anthropometry, physical activity, sedentary behavior, cardiorespiratory fitness
(VO,peak), and resting energy expenditure (REE). Weight was measured to the nearest 0.1 kg
using a calibrated electronic scale. Standing height was measured to the nearest 0.5 cm using a
wall-mounted stadiometer. Body mass index (BMI) was calculated as weight in kilograms
divided by height in meters squared. Waist circumference was measured at the midpoint between
the lower border of the last rib and the upper border of the iliac crest after a gentle expiration.
Pubertal development was assessed using self-reported Tanner stages as previously validated by

Taylor et al. [15].

REE and VO,peak were assessed using an Ultima PF/PFX (MedGraphics, St Paul, USA)
metabolic cart. VO,peak was measured using the Dubowy graded treadmill protocol [16].
Participants wore an Actical accelerometer (Philips Respironics, Andover, USA) on their right
hip for a total of five week days and two weekend days following baseline testing.

Accelerometer data were processed using standardized reduction procedures [12] in SAS version
9.2 (SAS Institute, Cary, USA) and were used to assess baseline levels of physical activity and
sedentary behavior. Pediatric accelerometer cut-points of 100, 1,500 and 6,500 counts per minute
were used to identify light-, moderate- and vigorous-intensity physical activity, respectively [17].
Daily energy requirements were estimated as the sum of REE and average daily physical activity-
related energy expenditure as calculated using the Actical 2.12 software (Philips Respironics,

Andover, USA).

Experimental Sessions

The 3 experimental conditions were performed in random order, as determined by TJS using a
random number generator in Microsoft Excel (Microsoft Corporation, Redmond, USA) (Figure
5.1). Participants were blinded to the order of conditions, and only told which condition they
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would experience upon arrival in the lab each morning. Upon arrival to the lab at 07:30 a catheter
was inserted into an antecubital vein for blood sampling. During the Sedentary condition,
participants remained seated at all times from 07:30 until 15:30 (when necessary, participants
were transported to the washroom via wheelchair). The Sedentary With Breaks (Breaks)
condition was similar to the Sedentary condition, with the exception that participants walked for 2
minutes on a treadmill at an intensity equivalent to 30% of VO,peak every 20 minutes beginning
at 8:40 (i.e. 08:40, 09:00, 9:20, etc). Finally, the Sedentary With Breaks and Physical Activity
(Breaks+PA) condition was similar to the Breaks condition, but in addition to walking at a light-
intensity every 20 minutes, participants also performed two 20-minute bouts of moderate-
intensity physical activity by walking or jogging on a treadmill at 60% of VO,peak from 08:40-
09:00 and from 12:40-13:00. During all 3 conditions, participants engaged in a standardized set
of common sedentary behaviors in identical order — 4 hours of watching movies and television

programs, 2 hours of puzzles and other forms of mental work, and 1.5 hours of video games.

Standardized Meals

Standardized meals were provided at breakfast (08:15) and lunch (12:00), using a menu
developed for the pediatric population. Breakfast consisted of white bread, butter, peanut butter,
cheddar cheese, and orange juice, while lunch included chicken strips, tortilla chips, grapes, baby
carrots, 2% milk, lemonade, ketchup, and Oreo cookies [18]. Both meals were standardized
relative to estimated daily energy requirements (rather than macronutrient intake) with breakfast
and lunch respectively providing 25% and 40% of estimated daily needs. The mean£SD intake at
breakfast and lunch were 2322+410 and 3669+799 kJ, respectively. The proportion of calories
from carbohydrate, fat, and protein respectively at breakfast were 52+5%, 36+5% and 12+1%

while at lunch they were 57+2%, 31+3% and 12+3%. Participants with allergies or food
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intolerances (n=3) had individual food items replaced. However, each participant received

identical meals at each of their 3 visits, and was asked to consume all food that was provided.

Markers of Cardiometabolic Disease Risk

Six blood draws were performed during each experimental day, with each sample requiring
approximately 6 ml of blood. The first blood draw occurred at 08:00, and further draws were
performed every 90 minutes until 15:30. All markers of cardiometabolic disease risk were
assessed in duplicate using heparinized plasma, which was stored at -80 °C prior to analysis.
There were no missing samples for any participant or variable of interest. Insulin was assayed by
enzyme-linked immunosorbent assay (ALPCO Diagnostics, Salem, USA). Glucose,
triglycerides, HDL and LDL cholesterol were assessed on the Ortho Vitros 5.1FS (Ortho-Clinical
Diagnostics, Rochester, NY). The inter-assay precision for each test was as follows: insulin 11%;
glucose 2%; triglycerides 2%; HDL-Cholesterol 3%, LDL-Cholesterol 3%. Net incremental area
under the curve (IAUC) was calculated for all cardiometabolic disease risk factors using the
trapezoid rule [19]. This approach was used rather than the positive iAUC since HDL- and LDL-

Cholesterol curves were expected to have negative values [19].

Statistical Analyses

Sample size calculations were based on a recent study using a similar crossover design in
overweight and obese adults [5]. Although this differs from the current study population, it is the
only human study with a design similar in nature to the present study [5]. We estimated that 13
paired observations would provide 90% power to detect an absolute difference as small as 3,000
pmol/L-min in our primary outcome of insulin incremental area under the curve (1IAUC) across
conditions with a standard deviation of 3,000 pmol/L-min at an alpha level of p=0.05 and a two-
tailed distribution.
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Insulin, triglyceride, HDL and LDL cholesterol iAUC were non-normally distributed, and
therefore transformed using a Box-Cox transformation. To determine if males and females could
be combined into one analysis, sex-by-condition interactions were assessed for all dependent
variables. No significant interactions were detected, therefore males and females were combined
for all analyses to maximize statistical power. A linear mixed-model was fitted for the iIAUC of
each risk factor, with effects for condition, age, sex, BMI, waist circumference, Tanner stage, and
baseline physical activity and sedentary behavior. Statistical significance was defined as a p
value of 0.05 or less, and a Bonferroni correction was used to adjust for multiple comparisons in
post hoc tests following the mixed-effect model. A similar linear mixed-model for raw levels of
each risk factor over time was also fitted to assess temporal differences between conditions. This
model included effects for condition, time, time-by-condition interaction, age, sex, BMI, waist
circumference, Tanner stage, and baseline physical activity and sedentary behavior. Data are

presented as mean + standard deviation. All statistical tests were performed in SAS 9.2.

Results

Subject characteristics are presented in Table 5.1. In comparison to female participants, males
were significantly older and more sedentary (all p< 0.01). However, there were no differences
between males and females in terms of BMI, self-reported Tanner stage, moderate-to-vigorous
physical activity, or any marker of cardiometabolic disease risk at baseline (all p>0.15) There
were no significant differences in baseline markers of cardiometabolic disease risk across the 3

experimental conditions (all p>0.25).

iAUC values for the 3 experimental conditions are presented in Table 5.2. We did not observe
significant differences for any marker of cardiometabolic disease risk (all p>0.09). This finding
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remained consistent with or without adjustment for age, sex, Tanner stage, BMI, waist
circumference, and baseline physical activity and sedentary behavior. Separating analyses by sex

did not materially change these results (data not shown).

When examining temporal changes in markers of cardiometabolic disease risk across conditions,
we observed a significant time-by-condition interaction for plasma glucose concentrations only (p
=0.001). Post-hoc tests determined that the glucose concentrations were significantly greater at
Time 2 during the Breaks+PA condition than during the Breaks condition (p=0.004) but not the
Sedentary condition (p=0.051) (Figure 5.2). Glucose levels were not significantly different

across conditions at any other time point (all p>0.40).
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Figure 5.2 Insulin (A) and glucose (B) concentrations during 8 hours of prolonged sitting,

with or without interruptions or physical activity (n=19).

Sedentary: 8 hours of uninterrupted sitting.Breaks: 8 hours of sitting interrupted with a 2-
minute light-intensity walk break every 20 minutes. Breaks + Physical Activity: 8 hours of
sitting interrupted with a 2-minute light-intensity walk break every 20 minutes as well as 40
minutes of moderate-intensity physical activity.

Data are presented as mean and standard deviation. Significance was assessed by a linear
mixed-model with effects for condition, time, time-by-condition interaction, age, sex, BMI,
waist circumference, Tanner stage, and baseline physical activity and sedentary behavior.
A Bonferroni correction was used to adjust for multiple comparisons in post hoc tests
following the mixed-effect model. Only plasma glucose showed a significant time-by-
condition interaction (p = 0.001). * = significant difference between Breaks and Breaks + PA
condition, p<0.01.
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Discussion

The results of the present randomized crossover study suggest that an acute prolonged bout of
uninterrupted sitting does not result in deleterious changes in traditional markers of
cardiometabolic disease risk in healthy children and youth. Although we observed a small
increase in glucose levels following breakfast in the Breaks+PA condition, we observed no other
differences across the three study conditions for any outcome of interest. These results are in
contrast to those reported in both healthy and overweight/obese adults, where uninterrupted
sitting has been reported to result in acute and deleterious changes in insulin sensitivity and

glucose tolerance [5].

There are several factors which could explain the discrepancy between the current findings and
those observed in adults [2-5]. The current study focused on healthy boys and girls who were
more physically active than the average Canadian youth [12]. Girls, but not boys, were also less
sedentary than the national average [12]. The participants were also aerobically fit and
metabolically healthy at baseline, which is underscored by the relatively small insulin and glucose
responses following both breakfast and lunch. It is probable that a similar investigation in
physically inactive youth, a highly sedentary population, or those with obesity or other elevated
cardiometabolic disease risk factors, may produce results more similar to those observed in
adults. Employing a more sensitive measure of metabolic disease risk (i.e. continuous glucose
measurements), or a larger food challenge (i.e. liquid meal high in fat and/or sugar) may also
have more clearly differentiated between the study conditions. However, these techniques are
substantially more burdensome than those used in the current study, which may impede their use
in studies of the pediatric population. Examining the expression of genes related to carbohydrate
and lipid metabolism may also have revealed differences between conditions, and is worth
exploring in future studies in this population. However, given the present results it seems likely
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that the acute impact of a single bout of uninterrupted sitting on cardiometabolic disease

biomarkers is simply smaller (or absent) in the pediatric population, as compared to adults.

It is not immediately clear why a transient increase in plasma glucose levels was observed at 9:30
during the Breaks+PA condition, but not during the Sedentary or Breaks conditions in the present
study. It is worth noting that this increase occurred at the blood draw following the first 20-
minute bout of exercise at 60% of VO,peak. Aerobic exercise has been reported to increase
hepatic glucose production and plasma glucose levels in adults [20], and it is possible that this
was the cause of the increase observed in the present study. However, there is unlikely to be any

clinical significance to this brief and relatively small increase in glucose levels.

The current study has several strengths and limitations that warrant mention. This is the first
investigation into the acute impact of uninterrupted sedentary behavior in the pediatric
population, and employed a rigorous randomized crossover design. Further, in contrast to the
liquid meals that are sometimes used in adult studies of this nature [5], the standardized meals
employed in the current study were similar to the food eaten by children on a normal basis,
increasing the ecological validity of our study. However, it is also possible that a liquid meal that
is high in sugar and fat may also have provided a greater metabolic stimulus, which may have
more effectively differentiated the impact of our three study conditions. A longer exposure to
uninterrupted sitting may also have resulted in different results, although the ecological validity
of such an approach would be questionable. All participants in the current study were healthy at
baseline, and the majority were both lean and physically active. It is therefore unclear whether
similar results would be observed among a population of overweight or obese youth, or those
showing signs of metabolic dysfunction. The present findings are also limited by our small
sample size, and by the relatively small number of outcomes which were examined. Finally, the
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present study did not examine whether fluctuations in energy balance across the three conditions

may have influenced metabolic risk [4].

It is possible that the present findings may have differed had our study included a large number of
participants, although our sample size calculation suggests that we had sufficient power for our
primary outcome of insulin iIAUC [5]. It is also worth noting that there were no consistent trends
across the various outcomes measured, regardless of statistical significance. Although the insulin
iAUC during the Sedentary condition was the highest of the 3 conditions, this was not the case for
any other risk marker. This lends support to our conclusion that prolonged sitting does not result
in significant increases in markers of cardiometabolic disease risk in this age group, and suggests

that our results would not have been appreciably different with a larger sample size.

In conclusion, our findings suggest that in comparison to light walk breaks with or without
structured physical activity, 8 hours of uninterrupted sitting do not result in measurable changes
in circulating levels of insulin, glucose, or lipids in healthy children and youth. This suggests that
the relationship between sedentary behavior and increased health risk observed in
epidemiological studies may be due to the behaviors children engage in while seated, rather than
any direct metabolic impact of sitting per se [21-23]. Future research should involve children at

risk of cardiometabolic abnormalities to determine whether the results are comparable.
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Table 5.1 Participant characteristics.

Male (n=11) | Female (n=8) | p value

Age (years) 12.9 (0/8) 11.3(0.7) <0.01
BMI (kg/m?) 18.7 (4.5) 17.4 (2.9) 0.49
Waist Circumference (cm) 66.6 (15.8) 59.8 (5.7) 0.26
Tanner Stage 1.9 (1.0) 1.5(0.8) 0.41
Sedentary behavior (min/day) 539.4 (48.3) | 461.1(66.0) <0.01
MVPA (min/day) 66.8 (28.5) 59.5 (23.8) 0.56
Insulin (pmol/L) 42.6 (27.7) 33.1(18.8) 0.42
Glucose (mmol/L) 4.7 (0.4) 4.6 (0.3) 0.71
LDL-Cholesterol (mmol/L) 1.9 (0.6) 2.0 (0.7) 0.91
HDL-Cholesterol (mmol/L) 1.3(0.3) 1.3(0.4) 0.15
Triglycerides (mmol/L) 0.7 (0.2) 0.7 (0.2) 0.81

BMI: body mass index; MVPA: moderate-and-vigorous physical activity; LDL: low density
lipoprotein; HDL.: high density lipoprotein. Date are presented as mean (SD). Significance was
assessed using an independent measures t test.
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Table 5.2 Net incremental area under the curve (IAUC) values for biomarkers of cardiometabolic disease risk during 8 hours of

prolonged sitting, with or without interruptions or physical activity (n=19).

Sedentary Breaks Breaks + Physical Activity | p for trend
Insulin (pmol/L-min) 80,559.3 (66380.3) | 78,707.3 (83074.5) 64,270.8 (42272.4) 0.552
Glucose (mmol/L-min) 185.3 (171.7) 163.2 (148.8) 248.0 (220.4) 0.091
Triglycerides (mmol/L-min) 99.8 (114.4) 101.5 (69.0) 65.2 (66.4) 0.106
HDL-Cholesterol (mmol/L-min) -38.7 (39.9) -32.2 (40.2) -52.3 (41.4) 0.431
LDL-Cholesterol (mmol/L-min) -62.9 (67.2) -50.0 (28.9) -76.5 (51.4) 0.400

Sedentary: 8 hours of uninterrupted sitting.

Breaks: 8 hours of sitting interrupted with a 2-minute light-intensity walk break every 20 minutes.

Breaks + Physical Activity: 8 hours of sitting interrupted with a 2-minute light-intensity walk break every 20 minutes as well as 40
minutes of moderate-intensity physical activity.

Data are presented as mean (standard deviation). Significance was assessed by a linear mixed-model with effects for condition, age, sex,
BMI, waist circumference, Tanner stage, and baseline physical activity and sedentary behavior. Although raw values are presented above,
all statistical analyses have been performed using normalized data.
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Abstract

The behavioural impact of an imposed bout of prolonged sitting has yet to be investigated in the
pediatric population. Our objective was to determine the acute effect of prolonged sitting on ad
libitum food intake and spontaneous physical activity in healthy children and youth. A total of 20
healthy youth (12 males, 8 females) aged 10-14 years, with a mean+SD BMI of 18.6+4.3 kg/m?,
experienced 3 conditions in random order: (1) a day of uninterrupted sitting (Sedentary); (2) a day
of sitting interrupted with a 2-minute light-intensity walk break every 20 minutes (Breaks); and
(3) a day of sitting interrupted with a 2-minute light-intensity walk break every 20 minutes as well
as 2 x 20 minutes of moderate-intensity physical activity (Breaks+PA). Food intake (ad libitum
buffet meal) and physical activity (accelerometry for 24 hours) were assessed following each
condition. Despite significant differences in sedentary behaviour and activity levels during the 3
in-lab sessions (all p<0.01), we observed no differences in ad libitum food intake immediately
following each condition, nor any changes in the level of sedentary behaviour or physical activity
in the 24-hours following each condition (all p>0.25). These findings suggest that children and
youth may not compensate for an imposed bout of sedentary behaviour by reducing subsequent
food intake or increasing physical activity.
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Introduction

Both acute and chronic exposure to some sedentary behaviours (activities that involve sitting or
reclining while expending < 1.5 metabolic equivalents™) have been associated with excess food
intake and weight gain in children and youth®®. Chaput et al. ® reported that in comparison to
seated rest, 45 minutes of seated video game play resulted in significant increases in acute food
intake and positive energy balance in adolescent males. Similarly, a recent systematic review by
Tremblay and colleagues® concluded that sedentary behaviour (generally measured as time spent
watching TV) was consistently associated with increased body weight and other markers of
adiposity among school-aged children. This evidence has led some to suggest that sedentary
behaviour may be a key contributor to increasing pediatric obesity rates®®. However, while
there is evidence that some common modalities of sedentary behaviour are likely to increase
energy intake in children and youth, the impact of sitting per se has yet to be investigated®®.

The influence of an imposed bout of prolonged sitting on subsequent physical activity in children
and youth is also unclear. It has previously been suggested that physical activity levels among

»@1D " In support of this view, several reports

this population are regulated by an “activitystat
suggest that in response to an imposed bout of physical activity, youth may consciously or
unconsciously compensate by reducing their physical activity levels throughout the rest of the

®12) " However, no study has yet examined whether an imposed bout of sedentary behaviour

day
(i.e. sitting) results in a similar behavioural compensation in free-living conditions. If activity
levels are regulated by a central mechanism similar to the “activitystat”, it is plausible that youth
may compensate for a prolonged period of sitting or inactivity by reducing their level of sedentary
behaviour and increasing their level of physical activity later in the day. Given that North

American children spend most of their waking time engaging in sedentary behaviours®**®

,itis
pertinent to investigate the impact of prolonged sitting on subsequent food intake and physical

activity, both of which are important health-related behaviours.

The objective of this randomized crossover study was to determine whether one day of
uninterrupted sitting would result in different compensatory changes in ad libitum food intake
and/or spontaneous physical activity in healthy children and youth, in comparison to a day of
sitting interrupted by light intensity walk breaks, with and without structured physical activity.
Based on the available evidence, we hypothesized that prolonged sitting would result in a
compensatory increase in subsequent spontaneous physical activity, a reduction in sedentary
behaviour, and no change in ad libitum food intake.

116



Experimental Methods

Subjects

Twenty healthy children and youth (12 males, 8 females) aged 10-14 years participated in this
intervention study. There were no limits placed on participant weight or activity levels. This
study was conducted according to the guidelines laid down in the Declaration of Helsinki and all
procedures involving human subjects/patients were approved by the institutional Research Ethics
Boards at the Children’s Hospital of Eastern Ontario and the University of Ottawa. Written
informed consent was obtained from the parents of all participants. Oral assent was obtained
from participants aged 10-13 years (assent was witnessed and formally recorded), while
participants aged 14 years provided written consent prior to participation.

Baseline Testing Session

The current analysis is part of a larger study examining the metabolic impact of prolonged sitting
in children and youth, which has been described previously*®. Participants attended 1 baseline
session and 3 experimental sessions, each separated by at least one week. All sessions began at
07:30, and participants were instructed to fast and abstain from structured exercise for 12 hours
prior to each visit. The baseline session included measurements related to anthropometry,
physical activity, sedentary behaviour, cardiorespiratory fitness (VO,peak), and resting energy
expenditure (REE). At this initial visit participants were asked to identify any food allergies or
intolerances that might impact the standardized breakfast and buffet meals during the
experimental sessions. Weight was measured to the nearest 0.1 kg using a BWB-800AS
calibrated electronic scale (Tanita Corporation of America Inc., Arlington Heights, IL). Standing
height was measured to the nearest 0.5 cm using a Tanita HR-100 wall-mounted stadiometer
(Tanita Corporation of America Inc., Arlington Heights, IL). Body mass index (BMI) was
calculated as weight divided by height squared (kg/m?). Children were categorized as
overweight/obese using the International Obesity Taskforce (IOTF) cut-points.*” Waist
circumference was measured at the midpoint between the lower border of the last rib and the
upper border of the iliac crest after a gentle expiration. Pubertal development was assessed using

self-reported Tanner stages as previously validated by Taylor et al ®®.

REE and VO,peak were measured using an Ultima PF/PFX (MedGraphics, St Paul, USA)
metabolic cart. VO,peak was assessed using the Dubowy graded treadmill protocol .
Participants wore an Actical accelerometer (Philips Respironics, Andover, USA) on their right hip
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for seven consecutive days following baseline testing. Accelerometer data were processed using
standardized reduction procedures“® in SAS version 9.2 (SAS Institute, Cary, USA) and used to
assess baseline levels of physical activity and sedentary behaviour. Accelerometer cut-points of
100, 1500 and 6500 counts per minute were used to identify light-, moderate-, and vigorous-
intensity physical activity, respectively®?. Total energy expenditure during each of the
experimental conditions was estimated using the following formula, where the thermic effect of

food is fixed at 10%: (REE + physical activity energy expenditure during the session) x 1.11?.

Experimental Sessions

Participant arrives Buffet menu provided Participant wears accelerometer
in lab, begins sitting until 16:30 following day
Standardized meal Standardized meal Buffet meal

Participant returns home

1 L L L L il 1 L ‘ L 2.2
I 1 1 U U U z 1 1 U U 77 L

07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00

Sedentary

Breaks

Breaks+PA I

20-minute walk at 60% VO,peak 2-minute walk at 30% VO,peak

Figure 6.1 Overview of the study protocol (modified from Saunders et al."®).

Sedentary: a day of uninterrupted sitting.

Breaks: a day of sitting interrupted with a 2-minute light-intensity walk break every 20
minutes.

Breaks + Physical Activity: a day of sitting interrupted with a 2-minute light-intensity walk
break every 20 minutes as well as 40 minutes of moderate-intensity physical activity.

The 3 experimental conditions were performed in random order, as determined using a random
number generator in Microsoft Excel (Microsoft Corporation, Redmond, USA). Participants
arrived at the lab at 07:30 for all experimental conditions and began sitting. During the Sedentary
condition, participants remained seated without interruption until 16:30 (when necessary,

participants were transported to the washroom via wheelchair) (Figure 6.1). The Sedentary With

118



Breaks (Breaks) condition was similar to the Sedentary condition, with the exception that
participants walked for 2 minutes on a treadmill at an intensity equivalent to 30% of VO,peak
every 20 minutes beginning at 08:40 (i.e. 08:40, 09:00, 09:20, etc). Finally, the Sedentary With
Breaks and Physical Activity (Breaks+PA) condition was similar to the Breaks condition, but in
addition to walking at a light-intensity every 20 minutes, participants also performed two 20-
minute bouts of moderate-intensity physical activity by walking or jogging on a treadmill at 60%
of VO,peak from 08:40-09:00 and from 12:40-13:00.

During all 3 conditions, participants engaged in a standardized set of common sedentary
behaviours in identical order — 4 hours of watching movies and television programs, 2 hours of
puzzles and other forms of mental work, and 2 hours of video games. Each experimental
condition concluded with a buffet meal which lasted from 16:00-16:30. Participants wore
accelerometers for the duration of each experimental condition and the 24-hours following each
condition to assess levels of physical activity and sedentary behaviour.

Standardized Meals

Standardized meals were provided at breakfast (08:15) and lunch (12:00), using a menu
developed for the pediatric population®. Breakfast consisted of white bread, butter, peanut
butter, cheddar cheese, and orange juice, while lunch included chicken strips, tortilla chips,
grapes, baby carrots, 2% milk, lemonade, ketchup, and Oreo cookies. Both meals were
standardized relative to estimated daily energy requirements (rather than macronutrient intake)
with breakfast and lunch respectively providing 25% and 40% of estimated daily needs. Daily
energy requirements were estimated as the sum of REE and average daily physical activity-related
energy expenditure recorded at baseline. The mean£SD intake at breakfast and lunch were
2322+410 and 3669799 kJ, respectively. The proportion of kilojoules from carbohydrate, fat,
and protein respectively at breakfast were 52+5%, 36+5% and 12+1% while at lunch they were
57+2%, 31+3% and 12+3%. Participants with allergies or food intolerances (n=3) had individual
food items replaced. However, each participant received identical meals at each of their 3 visits,

and was asked to consume all food that was provided.

Visual Analog Scales (VAS)

Hunger and prospective food consumption were assessed immediately before participants were

provided with the buffet food menu at 15:30 and again immediately following the buffet meal

which occurred from 16:00-16:30. This was done using 100 mm Visual Analog Scales (VAS)
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adapted from those described by Hill and Blundell®®, which are reliable both before and after a
meal® and have been employed previously in pediatric populations®®. Subjects were asked to
place a mark at the position which approximated their level of hunger and the amount of food

they thought they could eat at that time.

Buffet Meals

Spontaneous food intake was assessed using an ad libitum buffet meal at 16:00 during each
experimental condition. The buffet has been validated previously®®, and allowed for assessment
of total energy intake as well as macronutrient composition. The meal consisted of a variety of
foods differing in macronutrient composition. Participants selected items from a written menu,
were instructed to eat ad libitum, and were provided with additional servings on request.
Participants were given 30 minutes for this meal, and all foods were weighed to the nearest 0.1 g
before and after ingestion. Energy and macronutrient intake were calculated using The Food
Processor (ESHA Research, Salem, Oregon).

Statistical Analyses

As described above, the current analysis is part of a larger investigation of the metabolic impact
of prolonged sitting in the pediatric population®®. The primary outcome of the study was insulin
sensitivity, which was used to estimate the necessary sample size to assess significance. The
sample size for the present analyses was therefore predetermined. However, given the levels of
variability observed in the present study, a post hoc sample size calculation revealed that we had
greater than 80% power to detect a difference of 12 minutes/day in moderate physical activity, 5

minutes/day in vigorous physical activity, or 600 kJ in energy intake across study conditions.

Buffet food intake (both in kilojoules and grams), absolute protein intake, percent fat intake, and
both VAS following the buffet meal were non-normally distributed, and were transformed using
Box-Cox transformations to improve normality. Baseline differences between male and female
participants were assessed by independent samples t test for continuous variables and by chi

square test for proportions.

To determine if males and females could be combined in subsequent analyses, sex-by-condition

interactions were assessed for all dependent variables. No significant interactions were detected,

therefore males and females were combined for all analyses to maximize statistical power and

improve clarity. A linear mixed-model was fitted for each food intake-related outcome, with
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effects for condition, age, sex, Tanner stage, BMI and baseline physical activity and sedentary
behaviour. Similar models were used for physical activity and sedentary behaviour-related
outcomes, with additional adjustment for accelerometer wear-time. This study was not
sufficiently powered to investigate the impact of BMI on these results, and therefore BMI-by-
condition interactions were not examined. Statistical significance was defined as a two-sided
alpha level of 0.05, and a Bonferroni correction was used to adjust for multiple comparisons in
post hoc tests following the mixed-effect model. Data are presented as mean (SD). All statistical

tests were performed in SAS 9.2.

Results

Participant characteristics are presented in Table 6.1. In comparison to their female counterparts,
male participants were significantly older, spent more time engaging in sedentary behaviour, and
less time engaging in light-intensity physical activity at baseline (all p<0.03). In contrast, at
baseline there were no differences between males and females with respect to BMI, waist
circumference, self-reported Tanner stage, or daily moderate-and-vigorous intensity physical
activity (MVPA) (all p > 0.15).

The amounts of sedentary behaviour, light-, and moderate-intensity physical activity accumulated
during each experimental condition are presented in Table 6.2. As imposed, the 3 conditions
varied significantly with respect to sedentary time, light- and moderate-intensity physical activity
and total steps during the in-lab portion of the study (all p< 0.01). According to accelerometer
data, during the Sedentary condition participants spent 97.1% of lab time engaging in sedentary
behaviour, compared to 86.5% and 81.0% in the Breaks and Breaks+PA conditions, respectively.
As expected, there were no differences in vigorous physical activity across the three study
conditions (p=0.18), nor did we observe differences for any measure related to hunger, food
intake, or satiety across the three study conditions during the in-lab portion of the study (all
p>0.06) (Table 6.2 and Figure 6.2). These results were similar with and without adjusting for
age, sex, Tanner stage, BMI and baseline physical activity and sedentary behaviour. The
estimated energy expenditure during the in-lab portion of the study differed significantly across

the 3 conditions (all p<0.01), and is presented with energy intake in Figure 2.

The volume of sedentary behaviour and physical activity accumulated during the 24-hour period

immediately following each experimental condition is presented in Table 6.3. We observed no

significant differences for any activity-related variable (all p>0.25). These results were consistent
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whether examining absolute levels of activity, as a percent of total wear-time, as a change score
relative to baseline levels, or restricting analyses to only those participants who had 10 or more
hours of wear time (data not shown). These results were not impacted by adjustment for age, sex,

Tanner stage, BMI, baseline physical activity and sedentary behaviour or accelerometer wear-

time.
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Figure 6.2 Energy intake and estimated energy expenditure while in lab during a day of

sitting with or without interruptions and structured physical activity.

Sedentary: a day of uninterrupted sitting.

Breaks: a day of sitting interrupted with a 2-minute light-intensity walk break every 20
minutes.

Breaks + Physical Activity: a day of sitting interrupted with a 2-minute light-intensity walk
break every 20 minutes as well as 40 minutes of moderate-intensity physical activity.
Energy intake was assessed using an ad libitum buffet meal, while energy expenditure was
estimated as (REE + Physical activity energy expenditure) x 1.11.

Data are presented as mean=SEM. Significance was assessed by a linear mixed-model with
effects for condition, accelerometer wear time, age, sex, Tanner stage, BMI and baseline
physical activity and sedentary behaviour. Bars with different superscript letters are
significantly different at p<0.05 level with Bonferroni correction.
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Discussion

The findings of the present study, although exploratory and hypothesis generating, suggest that
children may not compensate for an acute bout of prolonged sitting by reducing subsequent food
intake or increasing physical activity levels. Although there were differences in the level of
sedentary behaviour, physical activity, and estimated energy expenditure during the 3 study
conditions, we observed no differences in ad libitum food intake immediately following each
session, nor were there any differences in physical activity or sedentary behaviour levels in the
subsequent 24-hour period. Future studies are needed to examine whether prolonged sitting
results in sustained positive energy balance, or whether subsequent adaptations in energy intake

or expenditure are able to maintain energy homeostasis.

These results suggest that it is the behaviours that youth commonly engage in while seated (e.g.
watching television®, playing video games®, or doing mental work®”), rather than sitting per se,
that result in the increased food intake associated with sedentary behaviour. This is supported by
the work of Epstein and colleagues “®3%, who have reported that reductions in screen-based
sedentary behaviours have an important influence on both energy intake and body weight among
children and youth. For example, Epstein et al. reported that reducing daily screen time by 25-
50% resulted in a spontaneous reduction in energy intake of 1938 kJ/day in a group of non-
overweight teens over a 3 week period.®® Although physical activity-related energy expenditure
also increased following the reduction in screen time, it was of a much smaller magnitude than the
reduction in energy intake (474 kJ/day).®® Collectively, these findings suggest that focusing on
a reduction in screen-based sedentary behaviours may have a greater impact on energy balance

than a similar focus on total sedentary time.

The present findings also support the assertion that energy intake is not acutely coupled with
energy expenditure in the pediatric population® Y. Instead, the available evidence suggests that
any acute influence of physical activity on food intake in children and youth is likely to be related
to the intensity of the activity, rather than the associated energy expenditure. For example, Thivel
and colleagues™? recently compared the impact of high- (75% VO,max) and low-intensity (40%
VO,max) exercise on ad libitum food intake in obese adolescents. They reported that despite both
activity bouts expending roughly 1400 kJ of energy, only the high-intensity bout reduced
subsequent food intake at lunch and dinner, in comparison to a day without structured exercise.
While the Breaks+PA condition of the present study did include a total of 40 minutes of
structured exercise at 60% of VO,peak, it may be that this intensity was insufficient to influence
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subsequent food intake. It is also possible that the acute influence of exercise on caloric intake in
this age group may be different among healthy weight compared to overweight/obese
populations,®? although the present study was not sufficiently powered to examine such body
weight interactions. Future studies should also investigate variations in the magnitude and
direction of behavioural compensation (or lack thereof) following prolonged sitting, as exercise-
induced variations in energy expenditure and body weight have been shown to vary considerably

among adults.®®

The current findings also suggest that physical activity levels are not acutely regulated by an
internal “activitystat”® ', as we observed no difference in physical activity or sedentary
behaviour levels in the 24-hour period following each experimental condition. Instead, these
results support the recent findings of Goodman and colleagues® who found no evidence that a
bout of physical activity during one portion of the day was compensated for with reduced physical
activity later in the day among a cohort of British children. These results are in contrast to those
of Thivel and colleagues™®, who reported that an imposed bout of high- and low-intensity
physical activity did not significantly increase 24-hour energy expenditure above that observed
during an inactive day among obese teenagers. However, it should be noted that Thivel and
colleagues assessed energy expenditure by placing participants in calorimetric chambers, which is
likely to have substantially reduced their opportunities for spontaneous physical activity outside
of their bouts of structured exercise. In contrast, following the in-lab portion of each condition,
the present study examined physical activity levels in free-living conditions, which may help to

explain these discrepant findings.

Taken together, the above findings suggest that acute sedentary behaviour may contribute to a
positive energy balance due to its low level of energy expenditure, and by failing to produce a
compensatory reduction in energy intake or increase in energy expenditure subsequent to the
behaviour. This effect is likely to be exacerbated through the increased caloric intake that is
associated with many common sedentary behaviours such as TV viewing and video game
playing(2'4'27)

light- and moderate-intensity physical activity throughout the day may increase energy

. However, the current findings also suggest that the introduction of periodic bouts of

expenditure without resulting in compensatory changes in energy intake or spontaneous physical

activity. It is worth noting that physical activity intensity has been negatively associated with

adiposity in the pediatric age group, and therefore the impact of breaks of vigorous intensity on

energy balance are worthy of future study®. The current results suggest that activity breaks of at
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least light- or moderate intensity spread throughout the day may be a simple way to promote or

maintain energy balance in the current sedentary and obesogenic environment®®.

The present study has several strengths and limitations which warrant mention. The study
employed a rigorous randomized crossover design, which strictly controlled participants’ energy
intake, sedentary behaviour and physical activity across the 3 study conditions. However, energy
intake was measured only once at the end of each in-lab session, and physical activity and
sedentary behaviour were only assessed in the 24-hour period immediately following each lab
session. It is therefore unclear whether similar results would be seen in response to chronic
exposure to prolonged sedentary behaviour. The present findings are also limited by the small
sample size, and therefore the possibility of a Type 2 error cannot be ruled out. It is also worth
noting that participants were required to eat standardized meals at both breakfast and lunch, which
may have been different from the amount or type of food they would consume on a normal day
(habitual diet was not assessed in the current study). Similarly, the buffet meal in the present
study took place at 16:00, which is earlier than the typical evening meal in North America.
Further, participants in the present study were healthy, and more physically active at baseline than
the general Canadian population®. Thus these results may not generalize to physically inactive,
obese or diseased participants, or to other age groups. Physical activity and sedentary behaviour
levels in the present study were assessed via accelerometers, which is not able to accurately
measure all forms of activity (e.g. swimming, cycling). However, the use of accelerometry
allowed for the assessment of sedentary behaviour and physical activity in free-living conditions,
increasing the ecological validity of these findings. Finally, the buffet in the present study
included palatable items such as pizza and potato chips, which may have itself influenced ad

libitum intake or reduced differences across conditions®.

In conclusion, we found no evidence that children and youth compensate for an imposed bout of
prolonged sitting, with or without breaks and structured physical activity, by decreasing their
subsequent energy intake and/or increasing their physical activity levels. These findings suggest
that a sedentary day may lead to a positive energy balance through reduced energy expenditure
without compensatory reductions in energy intake or subsequent increases in physical activity
energy expenditure. They also suggest that the introduction of light- or moderate-intensity
activity breaks throughout an otherwise sedentary day may help to increase energy expenditure

with no compensatory increase in food intake, thus promoting energy balance in the pediatric age
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group. Future studies with larger sample sizes are needed to further investigate the impact of

prolonged sitting on energy balance in the pediatric population.
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Tables

Table 6.1 Characteristics of study participants at baseline.

Male (n=12) Female (n=8)
Mean  SD Mean SD p value

Age (years) 128 (1.0 11.3 0.7y  <0.01
BMI (kg/m?) 194 (50) 174 (29 031
Proportion Overweight/Obese 2/12 1/8 0.80
Waist Circumference (cm) 68.7 (16.5) 59.8 (5.7) 0.16
Tanner Stage 2.0 (1.0) 15 (0.8) 0.27
Sedentary Behaviour (min/day) 536.4 (47.2) 4616 (66.0) <0.01
LPA (min/day) 209.6 (45.6) 256.8 (33.8) 0.02
MVPA (min/day) 640 (288) 595 (23.8) 0.72

Date are presented as mean (SD).

BMI: Body mass index; LPA: light physical activity; MVPA: moderate-and-vigorous physical
activity.

Baseline differences between male and female participants were assessed by independent samples t
test (continuous variables) and chi square test (proportions).
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Table 6.2 Measures of sedentary behaviour, physical activity, hunger and caloric intake during time spent in lab engaging in prolonged

sitting, with and without breaks and structured physical activity (n=20).

Sedentary Breaks Breaks+PA

Mean SD Mean SD Mean SD p for trend
Sedentary Behaviour (min) 4989 (19.2* 4443 (19.2° 4160 (19.6) <0.01
Light Physical Activity (min) 123 (19.8° 586 (19.8)° 554  (20.3)° <0.01
Moderate Physical Activity (min) 2.3 (145)* 105 (145 409 (149" <0.01
Vigorous Physical Activity (min) 0.1 (2.3) <0.1 (2.3) 1.3 (2.4) 0.18
Steps (steps) 687  (1979)* 4482 (1979)" 8658  (2042)° <0.01
Pre-Buffet Prospective Food Consumption (mm) 56 (20) 66 (20) 61 (19) 0.07
Pre-Buffet Hunger (mm) 55 (19) 63 (29) 56 (18) 0.16
Post-Buffet Prospective Food Consumption (mm) 13 (15) 14 (15) 7 (14) 0.18
Post-Buffet Hunger (mm) 9 (1) 8 (11) 6 (10) 0.25
Food intake in the buffet (g) 782 (254) 839 (254) 767 (254) 0.37
Calories from carbohydrates (%) 56 9 57 9) 55 9 0.62
Calories from fat (%) 33 9 32 €)] 36 (€)] 0.32
Calories from protein (%) 10 4 11 (@) 10 (@) 0.44

Sedentary: a day of uninterrupted sitting.

Breaks: a day of sitting interrupted with a 2-minute light-intensity walk break every 20 minutes.

Breaks + Physical Activity: a day of sitting interrupted with a 2-minute light-intensity walk break every 20 minutes as well as 40 minutes of

moderate-intensity physical activity.

Significance was assessed by a linear mixed-model with effects for condition, age, sex, Tanner stage, BMI and baseline physical activity and
sedentary behaviour. Columns with different superscript letters are significantly different at p<0.05 level with Bonferroni correction.
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Table 6.3 Sedentary behaviour and physical activity levels in the 24-hours immediately following prolonged sitting with or without breaks

and structured physical activity (n=20).

Sedentary Breaks Breaks+PA

Mean SD Mean SD Mean SD p for trend
Wear time (min) 700.0 (235.0) 728.7 (240.9) 7011 (247.0) 0.90
Sedentary Behaviour (min) 5185 (73.0) 5144 (73.3) 5015 (74.8) 0.67
Sedentary Behaviour (% wear time) 73.6 (10.2) 711 (10.2) 70.9 (10.4) 0.60
Light Physical Activity (min) 1395 (46.2) 1408 (46.4) 1525 (47.3) 0.53
Light Physical Activity (% wear time) 19.6 (6.1) 20.2 (6.1) 21.3 (6.2) 0.60
Moderate Physical Activity (min) 48.1 (30.8) 48.0 (30.9) 52.7 (31L.7) 0.85
Moderate Physical Activity (% wear time) 6.4 (4.8) 7.5 (4.8) 7.4 (5.0) 0.73
Vigorous Physical Activity (min) 4.2 (10.1) 6.9 (10.2) 3.7 (10.4) 0.54
Vigorous Physical Activity (% wear time) 0.5 (1.5) 1.2 (1.5) 0.5 (1.6) 0.26
Steps (steps) 10596 (5414) 11172 (5439) 10485 (5561) 0.89

Sedentary: a day of uninterrupted sitting.

Breaks: a day of sitting interrupted with a 2-minute light-intensity walk break every 20 minutes.

Breaks + Physical Activity: a day of sitting interrupted with a 2-minute light-intensity walk break every 20 minutes as well as 40 minutes of
moderate-intensity physical activity.

Significance was assessed by a linear mixed-model with effects for condition, accelerometer wear time, age, sex, Tanner stage, BMI and baseline
physical activity and sedentary behaviour. There were no significant differences between experimental conditions.
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Chapter 7 - General Discussion

Sedentary behaviour has been linked with increased cardiometabolic disease risk among
children and youth in multiple cross-sectional and longitudinal studies(5-12,41-45). The
purpose of the present thesis was to clarify the relationship between sedentary behaviour
and health in the pediatric age group by addressing two key objectives:

1. To determine the cross-sectional association of sedentary time, interruptions in
sedentary time, sedentary bout length, and total movement variability with
markers of cardiometabolic disease risk among children and youth.

2. To examine the impact of 1-day of prolonged sedentary behaviour, with and
without interruptions or structured physical activity, on markers of
cardiometabolic disease risk, hunger, food intake and spontaneous physical
activity levels in children and youth.

To achieve these objectives, we have performed 4 studies, using 3 datasets, and employed
both cross-sectional and interventional research methodologies. Our findings, which are
summarized in Table 7.1, make an important contribution to our understanding of the
health impact of sedentary behaviour among children and youth. In the discussion that
follows, I will examine our results in the context of my two key objectives, and in

relation to the published literature.
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Table 7.1 Summary of thesis key findings and contributions to the literature.

Study 1 | Short bouts of sedentary behaviour, breaks in sedentary time, and screen-based sedentary
behaviours are independently associated with cardiometabolic disease risk among
children with a family history of obesity.

Study 2 | Total movement variability is independently associated with reduced cardiometabolic
disease risk among a representative sample of American children and youth.

Study 3 | Uninterrupted sitting does not result in acute changes in markers of cardiometabolic
disease risk among healthy children and youth aged 10-14 years.

Study 4 | Uninterrupted sitting does not result in compensatory changes in subsequent energy

intake or physical activity levels in health children and youth aged 10-14 years.

7.1 Characteristics of sedentary behaviour: associations with health indicators

The studies presented in Chapters 3 and 4 of this thesis demonstrate that breaks in

sedentary time, short bouts of sedentary behaviour (e.g. those lasting 1-4 minutes), and

total movement variability are associated with reduced cardiometabolic disease risk in

children and youth, independent of total sedentary time and physical activity. These

cross-sectional findings suggest that, all else being equal, children who have high

amounts of movement variability and frequent interruptions in their sedentary time may

experience reduced cardiometabolic disease risk when compared to children with less

frequent interruptions in sedentary time or reduced movement variability. The findings

presented in Chapters 3 and 4 also highlight the contrasting relationships of self-reported

screen time and directly measured sedentary time with markers of cardiometabolic

disease risk in the pediatric population. While TV viewing and computer time were

independently associated with increased cardiometabolic disease risk in girls and boys

respectively, daily sedentary time assessed via accelerometer was not associated with any

marker of cardiometabolic disease risk in the fully adjusted model in either sex.
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To our knowledge, the studies contained in Chapters 3 and 4 are the first to report a
favourable association between breaks in sedentary time, total movement variability and
global cardiometabolic disease risk in the pediatric population. These studies add to a
growing body of research in adults which suggests that prolonged bouts of uninterrupted
sedentary time are associated with increased health risk, while the opposite is seen for
breaks in sedentary time (13,14,25,26,46-48). For example, breaks in sedentary time
have been reported to be independently and beneficially associated with multiple markers
of cardiometabolic disease risk in adults (13, 14). However, recent studies in pediatric
populations have failed to detect any association between breaks in sedentary time and
markers of cardiometabolic disease risk (15,16), with the exception of waist
circumference (in boys only) in one study (15). As noted in Chapter 3, the association
between breaks in sedentary time and cardiometabolic disease risk in this thesis was
examined in children with a family history of obesity, while previous studies on this topic
have focused primarily on nationally representative samples of Canadian and American
youth (15,16). It is possible that this difference in sample populations may help to
explain why the findings reported in Chapter 3 diverge from previous investigations in

the pediatric population.

While the associations between characteristics of sedentary time and cardiometabolic
disease risk presented in Chapter 3 were examined using a cohort of children with a
family history of obesity, the role of total movement variability was investigated using a
representative sample of American children and youth via the National Health and
Nutrition Examination Survey. The independent associations observed between

movement variability and clustered cardiometabolic disease risk in Chapter 4 are
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especially noteworthy, given that previous research using this same dataset has failed to
detect any association between characteristics of sedentary time and markers of
cardiometabolic disease risk (16). When combined with the findings in Chapter 3 and
elsewhere in the published literature (1,9,13,14,25,26), a picture begins to emerge which
suggests that an “ideal” movement profile may be more complicated than simply meeting

national physical activity guidelines.

Table 7.2 Healthy and deleterious movement profiles for children and youth.

Ideal Movement Profile Deleterious Movement Profile
T Movement variability l Movement variability
T Moderate and vigorous physical activity l Moderate and vigorous physical activity
T Breaks in sedentary time l Breaks in sedentary time
l Total sedentary time T Total sedentary time
l Prolonged bouts of sedentary time T Prolonged bouts of sedentary time
l Screen time T Screen time

As outlined in Table 7.2 and Figure 7.1, the ideal movement profile for children and
youth appears to be one which includes large amounts of physical activity, relatively little
uninterrupted sitting or screen time, and frequent changes in movement intensity.
However, at present the clinical relevance of breaks in sedentary time and increased
movement intensity remain largely unclear in the pediatric age group. If future studies
support the notion that increasing movement variability or breaks in sedentary time are
associated with reduced health risk in the pediatric population, it could lead to the

development of novel interventions with increased efficacy and/or effectiveness for
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treating or preventing chronic disease risk among children and youth. For example, data
from the studies that make up this thesis suggest that for a given level of activity and
sedentary time, interventions that produce greater increases in total movement variability
and/or more frequent breaks in sedentary time could result in greater health benefits
among children and youth. Both epidemiological and lab-based studies should examine
the health impact of such changes in movement patterns,in order to determine whether
they result in clinically significant improvements in cardiometabolic health. If
intervention studies demonstrate that such changes are efficacious in improving
cardiometabolic health in at-risk youth, this could lead to the development of
interventions that are more practical for non-exercisers than programs which focus
exclusively on structured exercise.
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Figure 7.1 Examples of healthy and deleterious movement patterns.

In addition to any potential direct health impact of movement variability, the findings of

Chapter 4 also suggest that this new metric may serve as a simple means of assessing the
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quality of individual’s overall movement patterns. For example, Chapter 4 found that
total movement variability is associated with a constellation of desirable movement
behaviours, including high levels of physical activity, low levels of sedentary time, and
frequent interruptions in sedentary time. When compared to individuals with low levels
of movement variability, individuals with high movement variability are likely to
accumulate higher amounts of MVPA, and lower amounts of sedentary behavior.
Further, at any combination of total sedentary time and MVPA, individuals with high
levels of movement variability are also likely to have more frequent breaks in sedentary
time and/or higher average physical activity intensity. Rather than assessing each of
these movement behaviours in isolation, movement variability could therefore be used as
a global measure of a “healthy” movement profile. While further research is clearly
necessary before such applications of movement variability can be made in a clinical
setting, these examples nonetheless highlight the potential value of this novel movement

characteristic.

7.2 The impact of prolonged sedentary behaviour on markers of cardiometabolic
disease risk, energy intake, and physical activity in children and youth

Chapters 5 and 6 examined the metabolic and behavioural impact of prolonged sitting
among a group of healthy children aged 10-14 years. These studies failed to detect any
significant impact of prolonged sitting on markers of cardiometabolic disease risk in the
pediatric age group. Further, they also demonstrated that children did not compensate for
an acute bout of prolonged sitting by modifying their subsequent levels of physical
activity, sedentary behaviour, or food intake. As with the cross-sectional association
between breaks in sedentary time and markers of cardiometabolic disease risk (which has

been observed more consistently in adult populations than in children and youth), the
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results from Chapters 5 and 6 suggest that the acute impact of prolonged sitting may also
differ according to sample population. For example, interventions which impose
prolonged sitting have resulted in acute reductions in insulin sensitivity and glucose
tolerance in multiple studies among adults (25,46,49). We did not observe any such
change among healthy children and youth in the present thesis, despite sitting for a
comparable amount of time. It is possible that changes in markers of cardiometabolic
disease risk may have been observed had the present intervention focused on a different
participant population, such as children and youth with elevated risk of chronic disease,
or those with a family history of obesity (similar to the participants in Chapter 3). As

discussed below, this is an important area for future research in the pediatric age group.

The data presented in Chapters 5 and 6 also help to explain the disparate associations of
objectively measured sedentary time and screen time observed in Chapter 3 and in the
field more generally. Numerous studies (9,11,12,16,50) have found that screen-based
sedentary behaviours are associated with markers of cardiometabolic disease risk in
children and youth. However, although some studies have reported a significant
association between objectively measured sedentary time and markers of cardiometabolic
disease risk in this population (5,10,44,51-53), many others (including Chapter 3 of this
thesis) have failed to detect such a relationship (15,16,50,54-59). In Chapter 6 of this
thesis we report that prolonged sitting did not result in significant changes in markers of
cardiometabolic disease risk or subsequent food intake or physical activity in children
and youth. In contrast, both observational and experimental evidence suggests that
screen-based sedentary behaviours result in increased ad libitum food intake in this
population (29,34,60-62) Thus, while prolonged sitting and screen-based sedentary

behaviours may result in less movement and promote incidental snacking, the resulting
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positive energy balance appears to be more related to screen-based sedentary behaviours.
This is likely one reason why cardiometabolic disease risk is more consistently associated
with screen-based sedentary behaviours than with total sedentary time in the pediatric

population, as observed in Chapter 3.

7.2.1 Does sitting per se have a negative impact on pediatric health?

Given that neither objectively measured total sedentary time nor prolonged sitting were
associated with increased cardiometabolic disease risk in the present thesis, some may
ask whether it is worth promoting reductions in sedentary time in the pediatric age group.
However, the balance of evidence continues to suggest that high levels of total sedentary
time should be avoided by all age groups, including children and youth. Though not
equivocal, several cross-sectional and longitudinal studies have found significant
associations between sedentary behaviour and cardiometabolic disease risk among
children and youth (5,10,44,51-53). As discussed previously, results from Chapter 6
suggest that even in the absence of acute changes in markers of cardiometabolic disease
risk, prolonged sitting is still likely to lead to positive energy balance, and potential
weight gain. Further, as reported in Chapter 3, certain characteristics of sedentary
behaviour (e.g. breaks and/or bout length) may be associated with risk factors for chronic
disease in this age group, even if total sedentary time is not. It is also possible that longer
(e.g. >8 hours) exposure to uninterrupted sedentary behaviours, or repeated exposures
over a period of several days, may result in detectable adverse changes in

cardiometabolic disease risk biomarkers.

Even if the potential immediate health impact of total sedentary time in the pediatric age

group is disregarded, excessive sitting in childhood may still set children on a path for
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poor health in later life. Both total sedentary time and the number of prolonged bouts of
sedentary behaviour increase with age (56,63,64); therefore participants with high levels
of sedentary behaviour in childhood are likely to experience even greater levels in
adulthood. This is troubling, since total (self-reported) sedentary time in adulthood has
been linked with increased risk of chronic disease morbidity and mortality (65).
Similarly, while we failed to detect an acute deleterious effect of prolonged sitting in the
present thesis, it has been reported to reduce insulin sensitivity and glucose tolerance in
several studies among adults (25,46,49,66). Further, sedentary time appears to track
moderately well through childhood, such that the most sedentary individuals among a
population at one time point are likely to remain so later on (67,68). Therefore, while the
immediate health impact of prolonged sitting in childhood may be small, it may

nevertheless result in increased cardiometabolic disease risk in adulthood.

The findings of the present thesis also lend support to the wording used in Canada’s
Sedentary Behaviour Guidelines, which were initially released in 2011 (41). The current
guidelines focus on screen-based sedentary behaviours, stating that school-aged children
and youth should “limit recreational screen time to no more than 2 hours per day; lower
levels are associated with additional health benefits”. However, they also state that
children and youth should “limit sedentary (motorized) transport, extended sitting and
time spent indoors throughout the day.” Given the findings presented in this thesis and
elsewhere in the published literature, the current approach which focuses primarily on
screen-based sedentary behaviours, but which also suggests limiting prolonged sitting

more generally, seems appropriate (41).
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7.3 Opportunities for future research

The results of the present thesis suggest a number of potential areas for future research,
several of which have been briefly alluded to previously. These studies are discussed

below and grouped according to study methodology.

7.3.1 Observational studies

The results of the present thesis raise several questions that can be explored further using
existing cross-sectional databases. Chapter 4 of this thesis is the first study to examine
the impact of movement variability in any population. Therefore, replication studies are
needed to examine the association between movement variability and health in other
populations of children, as well as examining similar relationships in adults, and in
populations that are already at elevated risk for chronic disease. Longitudinal studies that
examine the relationship between movement variability and health over time could also
yield interesting results, and are now feasible given a growing number of longitudinal
databases that include objective measures of sedentary time at multiple time points
(13,17,44). These studies will help to determine whether movement variability represents
a novel and distinct risk factor for chronic disease, and establish whether interventions

targeting movement variability are worthy of investigation.

In addition to total movement variability, further studies are also needed to clarify the
association of breaks in sedentary time and sedentary bout length with health in the
pediatric age-group. Although the study presented in Chapter 3 found significant
associations between breaks in sedentary time and clustered cardiometabolic disease risk
in our sample of children with a family history of obesity, other studies have failed to

detect such an association in samples of the general population (15,16). This suggests
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patterns of sedentary behaviour may be particularly important in specific groups of
children, and future studies should examine whether this is the case. As with total
movement variability, longitudinal studies are likely to be useful in deciding whether
interventions targeting breaks in sedentary time are warranted in pediatric or adult

populations.

7.3.2 Intervention studies

The results presented in Chapters 5 and 6 suggest that prolonged sitting has a minimal
acute impact on metabolic health, energy intake and physical activity in healthy children
and youth between the ages of 10 and 14 years. However, it is unclear whether such
findings would be observed in older youth, or in those with increased markers of
cardiometabolic disease risk. Studies have suggested that prolonged sitting and other
forms of sedentary behaviour result in acute increases in markers of cardiometabolic
disease risk in healthy young adults (46,49,69-72). It is therefore possible that similar

findings may be observed in older teens as well.

It is also possible that the majority of participants in Studies 5 and 6 were in such robust
health that 1 day of prolonged sitting was insufficient to result in changes in markers of
cardiometabolic disease risk. Acute changes in markers of cardiometabolic disease risk
following prolonged sitting may be more consistent, and more clinically relevant, in

children and youth with elevated cardiometabolic disease risk at study entry. It is worth
noting that individuals living with chronic diseases such as the metabolic syndrome,

cardiovascular disease and type 2 diabetes have been largely overlooked by intervention

studies targeting sedentary behaviour in both adults and children (26). This omission is

143



especially glaring given that these populations may be most likely to gain from lifestyle

interventions that promote reductions in sedentary behaviour.

When compared to traditional lifestyle interventions that focus on structured physical
activity, reductions in sedentary time (or increasing the frequency of breaks in sedentary
time) are likely to be easier to implement and may promote better adherence, given that
they require few skills, resources or physical effort. Although several studies have
examined the impact of reduced screen-based sedentary behaviours on body weight in
children and youth (9,73,74), to date no studies have examined the metabolic impact of
reducing total sedentary time in any pediatric population. Similarly, while a small
number of studies have examined the impact of reducing total sedentary time in adult
populations, most interventions to date have focused on feasibility rather than health
outcomes (75-82). As a result, the efficacy and effectiveness of reducing total sedentary
time remains unclear in both pediatric and adult populations. Studies examining the
cardiometabolic impact of reducing total sedentary time, or specific sedentary

behaviours, are therefore greatly needed moving forward.

It is also necessary to further investigate whether the health impact of sedentary
behaviour can be modified through the adoption of other health behaviours. For
example, Stephens et al. reported that the impact of prolonged sitting on insulin
sensitivity was cut in half by simply reducing energy intake to match expenditure (46).
Similarly, a recent intervention by Duvivier and colleagues (49) reported that an hour of
daily vigorous exercise does not eliminate the cardiometabolic impact of prolonged
sitting. Aside from the studies presented within the present thesis, to date no studies have

examined such issues in the pediatric age group. A better understanding of the
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interaction between sedentary behaviour and other health behaviours is needed in order to
tailor both clinical and public health messages targeting the prevention of chronic

diseases.

Finally, interventions are needed that directly compare the health and behavioural impact
of common sedentary behaviours. For example, previous studies have suggested that
both video games and TV viewing increase ad libitum food intake in children and youth
(29,34,60,61). However, to our knowledge these behaviours have yet to be compared to
each other, or with other common forms of sedentary behaviour such as reading or
texting. As with projects discussed previously, these comparative studies may help target
clinical and public health interventions towards those forms of sedentary behaviour

which are most closely associated with deleterious health or health behaviours.

7.4 Thesis strengths and limitations

The current thesis has a number of strengths and weaknesses that warrant mention.The
studies in this thesis focus on North American children and youth between the ages of 8
and 17 years. Thus, the findings generated from these studies may not generalize to other
populations or age-groups. The first two investigations in this thesis (Chapters 3 and 4)
were cross-sectional in nature, and therefore cannot make conclusions related to
causality. Further, these studies examined only a brief snapshot of each individual’s
exposure to sedentary behaviour, and thus may not represent the impact of chronic

sedentary behaviour.
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While the design of the third and fourth studies in this thesis (tightly controlled
randomized crossover studies) allow for conclusions related to causality, the results may
not generalize to more ecologically valid situations, or to cumulative bouts of prolonged
sitting performed over a period of days or weeks. It should also be noted that participants
in these studies were healthy and more active than the typical Canadian child, which may
have influenced our findings towards the null. As discussed previously, future research
should examine whether similar findings are observed in children and youth who are
physically inactive, highly sedentary, or who have elevated markers of cardiometabolic

disease risk.

Despite the abovementioned limitations, the studies that form this thesis have a number
of key strengths which allow them to make an important contribution to our
understanding of the health impact of sedentary behaviour in the pediatric age-group.
The primary strength of this thesis is that it employed a variety of approaches ranging
from large-scale nationally representative surveys to rigorously controlled lab-based
intervention studies. This allowed for the examination of associations at the population
level, as well as examining causal relationships and possible mechanisms in a more
controlled setting. This approach provided insight into the mechanisms underlying key
issues (for example, the frequent discrepancies in the strength of health-related
associations for self-reported and objectively measured sedentary time in Chapter 3 of
this thesis and in the literature more generally) which would not have been possible had
only one methodology been applied to all studies. Finally, each study within this thesis
also included the direct measurement of important markers of cardiometabolic disease

risk, as well as objective measurement of physical activity and sedentary behaviour.
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7.5 Conclusions

The present thesis demonstrates that breaks in sedentary time, short bouts of sedentary
behaviour and total movement variability are cross-sectionally associated with reduced
cardiometabolic disease risk independent of physical activity and sedentary behaviour in
certain populations of children and youth. Self-reported TV viewing and computer use
were also strongly and independently associated with increased cardiometabolic disease
risk in girls and boys, respectively. Despite these cross-sectional findings, in our
intervention studies we found no acute impact of prolonged sitting, with or without
breaks and structured physical activity, on markers of cardiometabolic disease risk,
subsequent energy intake, or physical activity levels in healthy youth aged 10-14 years.
The findings of these intervention studies show that prolonged sitting does not have an
immediate impact on markers of cardiometabolic disease risk in children and youth,
although it may predispose to positive energy balance. Collectively, these findings
suggest that optimal levels of cardiometabolic disease risk are most likely to be seen in
children who limit their time engaging in screen-based sedentary behaviours, who
frequently interrupt their sedentary time, and who have high levels of variability in their

movement behaviours.
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Appendix B: Permission for republication

Chapters 2 and 5 have been accepted for publication in Elsevier journals, which do not
require permission in order to include a manuscript in a thesis document (see below).
Chapters 3 and 6 are published in journals which allow the author to maintain copyright,

therefore permission is not required for these studies either.

Rights FAL Responsibilities

Permissions

Az a journal author, vou have rights for a large range of uses of your article | including use by your employing institute or

company . These rights can be exercised without the need to obtain specific permizsion.

How authors can use their own journal articles

Avthors publizhing in Elsevier journals hawe wide rights to use their works for teaching and scholarly purposes without needing

to seek permission.

Table of Authors' Rights

Preprint version (with a

Accepted Author
few exceptions- see Manup::ript
below ')
Use for classroom teaching by Yes ez with full
awthor or author's institution and acknowledgement of final
presentation at a meeting or article
conference and distributing
copies to attendees
e with full
Use for internal training by .
. Yes acknowledgement of final
author's company .
article
Distribution to colleagues for “es Yes
their research use
e with full
Use in a subsequent compilation .
of the auther's works RiES acknowledaement of final
=100 = —
Inclusion in a thesis or es s with full

dissertation acknowledgement of final
article
ez with full
Reuse of portions or extracts 5
S ez acknowledgement of final
from the article in other works .
article
Preparation of derivative works Yes “es wyith full
{other than for commercial acknowledgement of final
purposes) article
Preprint servers Yes Yes with the specific

weritten permission of

Published Journal
Articles

es with full
acknowwledgemert of final
article

Yies with full
acknowledgement of final
article

ez

Yies with full
acknowledgement of final

s with Tull
acknowledgement of final
article

ez with full
acknowledgement of final
article

Yes with full
acknowledgement of final
article

o

From: http://www.elsevier.com/journal-authors/author-rights-and-responsibilities
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Appendix C: Related publications

All of the publications in this appendix have been authored or co-authored by
Travis Saunders during his PhD studies. Although they are not a part of the thesis
itself, they are related to the health impact of sedentary behaviour, and are
therefore included to provide additional context to the thesis. All of these papers
have been published in journals with Creative Commons Attribution licenses, and
therefore do not require permission for republication.
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morth Americans spend hall ther waking hours engaging in sedentary behaviour, Although several recent imterventions supgest
that short bowts of uninterrupted sedentary behaviowr may result in acute increases in cardiometabaolic risk, this literature has not
been reviewed systematically. This study performed a systematic review of the impact of uninterrupted sedentary behaviour lasting
=7 days an markers of cardiometabalic sk (nsalin semsitbvirg, glocose wlerande, and Fsting insulin, glicese, and Hpdd levels)
in humans, Interventions were identified through systematic searches of Medline and Embase and screened by 2 independent
reviewers. A& tofal of 25 interventions were identified that examined the impact of imposed sedemtary behaviour on biomarkers of
innerest. The mapority of these studies focusad on bealthy young men, with very lnde identified research on females or other age
graups, We found consistent, moderate quality evidence that uninterrupted sedentary behaviour =7 days results in moderate and
deleterious changes in insulin sensitivity, glucose tnderance, and plasma iriglyceride levels, In condrast, there is inconsistent, very
low-guality evidence linking uninterrupted sedentary behaviour with changes in insulin, glocose, and HOL- and LDL-chalesserol
leveels. These findings suggest that uninterrupted bouts of sedentary behaviour should be avoided in order 1o prevent or altenuate

transient increases in metabodic risk,

L. Introduction

High levels of chronic sedentary behaviour are associated
with increased risk of obesity |1, 2|, diabetes |1, 3, cardio-
vascular discase [4-6], some cancers | 7], and even mortality
[3-5]. For example, it has been reported that sedentary
behavienr is prospectively associated with increased rigk of
all-cause and cardisvascular disease mortality, and that these
associations remain significant after control for physical
activity, diet, and smoking [4]. These findings suggest that
sedentary behaviour should not be viewed as simply the lack
of phvsical activity but may instead represent an independent
and distinct risk factor for chronic disease,

In addition to the health impact of chronic seden-
tary behaviour, recent evidence suggests that increases in

metabalic risk may be apparent following bouts of uninter-
ruplerl HIJEHIJF!.' hehaviour '|:|xli115 st i few dn:.rx in IEI‘IEI.I'I
[B-11]. Stephens et al, reported that a single day of unin-
terrupted sitting resulted in a 3% reduction in whole body
insulin action in healthy adults [11]. Similarly, Hamburg et
al. obmerved thar 5 days of continuous bed rest produced
deleterious chunﬂ\e.': in chiolesteral, 1'r|5]yc=ricle. Hh.mcmu. amd
insulin levels and reduced insulin sensitivity [10], These
findings are supported by work in animal models, which
suggest that just 6-24 hours of sedentary behaviour resulis in
sigraficant reductions in lipoproten lipase activity [12] and
nsulin sensttivity [13, 14] i skeletal muscle,

Although several narrative reviews have discussed the
acute changes in metabolic risk following short-term expo-
sure to uninterrupted sedentary behaviour [8, 9, 15, 18],
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the published literature in this area has yet to be examined
systematically. Therefore, we conducted a systermatic review
examining the impact of uninterrupted sedentary behaviour
lasting =7 davs {operationally defined asan “acute” bout) on
insulin sensitivity, glucose tolerance, and lipid, glucose, and
insuilin levels in humans.

2, Methods

21 Sy Criveria, To be included 0 this paper, a study
had to examine at least one of the following risk markers
in humans: insulin sensitivity, glucose tolerance, or fasting
insulin, glucese, or lipid levels, Uninterrupted sedentary
belaviowr lad to be imposed by the researchers for a period
lasting 7 days or bess, Stucdhies examining longer (e.g., chronic)
bouts of sedentary behaviour were excluded as it was felt
that it would be inappropriate to consider the impacts of
both acwte and chronic sedentary behaviour in a single
syatematic review, given the large amount of heleragensity
that this would introduce mto the methodoleges of included
studies, Only intervention studies (both randomized and
nonrandomized] that impesed on participants a controlled
ot of sedentary behaviowr were included in this paper.

For the purposes of this paper, sedentary belaviour was
defined as a distinet class ul"mlc'ing hehaviours characterized
by little physical movement and low-encrgy expenditure
[=1.5 METs), as well as a sitting or reclining posture |9).
Eligible forms of sedentary behaviour included sitting, bed
rest I:hrul-up. hasrizontal, and head-down), and EiL‘I!iI‘]E
(e, having one or more legs immobilized in 2 cast).
There were no restrictions placed on the age or sex of
participants. Omly articles published in English or French
were included in the present review, and no lmits were
placed on the date of publication. The review methodolegy
was prospectively registered in PROSPERCY (Registration
number: CROMZ00 1001431 ),

2.2 Search Strategy. Literature searches were performed
w:ing Orid Medline and Owvid Embase in March of 2012,
The scarch strategy was created with the help of a rescarch
librarian and run by T[S (see Algorithm 1) Potentially
rebevant artiches were also identified by & key informants
and through the authors’ personal reference ibraries. Articles
were extracted as text files from the Owid interface and
imparted inte Reference Manager { Thempson Reuters, San
Framsisce, CA, USA)L Duplicate articles were first rermovied
using the Ovid interface, and any remaining duplicates were
remicved m.anu:ll:r. Oinee i.mpurwd intey Reference Manager,
conference absiracts were also removed from the database,
Titles and abstracts of articles identified through the
search were reviewed by two authors (T, L Saunders and Ko
Larouche) using Reference Manager. Any articles identified
as being potentially relevant by either reviewer were obtained
for further screeming. The full text of these articles was
then reviewed independently by T15 and RL to determine
whether the article met the a priori review inclusion criteria.
All decisions ar this stage were made by consensus and
any discrepancies between the two reviewers were resolved
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through discussion. Im this paper consensus was reached for
all includied articles.

23 Dta Extractton and Anglyaz, Data was extracted by T,
J. Saunders and verified by R, Larouche, Information was
cxtracted regarding study design (year, methodology, coun-
try, number of participants, duration of sedentary behaviour,
age |, modality of sedentary behaviour, risk fctors examined,
and main fndings, Reviewers were net blinded to the authors
or journals when extracting data. The primary summary
measure was the mean difference in each outcome messure
{or mean change in nonrandomized interventions) following
ExXposiane o acle x!dmlarr hehaviour. Where p-cmtihle. effect
sizes were caloulated wsing Cohen's d. We defined an effect
size of =0,20 as small, an effect of 0.21-0,80 as moderate, and
cffiects =(L81 as large. For the purposes of this paper, positive
effect sizes represent increased cardiometabolic risk (eg.,
mereased ri'illl'IE lnr.l:.'l:rride lewels), whale ne;ul:'\n.- effect
sizes represent redueed risk,

Following data extraction it bocame clear that the inter-
ventions included in the present paper were very hetero-
geneows in terms of the length of exposure, the tvpe of
sedentary behaviour that was examined, and even the mea-
surement of individual risk factors (e.g., msulin sensitivity
was assessed using HOMA, QUICEL whole body insulin
action, oral glucose tolerance tests, and hyperinsulinemic
clamps). Thus, we believe that meta-analyses or pooling
of data acros stedies would be inappropriate and have
therefore performed a qualitative synthesis of the evidence
instead.

Forest plots were created wsing Review Manager 5.1
{The Mordic Cochrane Centre, The Cochrane Collaboration)
to display the relationship between sedentary behaviour
and cach outcome of intercst. Studies assessing glucose
tolerance and insulin sensitivity ernployed a wide range of
methodologies and units of mexsurement, and plots for these
autcoames are therefore pnm-.'ntud as percent mean dafference,
while all other outcomes are presented as mean difference
with 95% confidence interval, Studies which did not provide
raw data were not included in forest plots,

240 Quaality of Evidence. The risk of bias and steength of
evidence from individual studies was assessed wsing the
Devwns and Black Checklist [17], This 27 point checklist
assesses the strength of reporting. external validity, internal
validity, and power, As some questions are worth more than
one point, the maxdmum soore that a study can receive is 32

The quality of evidence for each outcome was assessed as
high, maderate, bow, or very low using the GRADE approach
[18]. In this approach, randomized trials begin as high-
quality evidence and observational studies begin as Jow-
quitlity evidence. For the purposes of this paper, nonrandom-
rwed imterventions were comsidersd as observational stuchies.
Following the initial rating based on study design, the quality
of evidence was then rated up or down for apparent risk of
bias, imprecision, inconsistency, indireciness, or suspicion
of publication bias. Risk of biss was assessed using Review
Manager Version 5.1 (The Noerdic Cochrane Centre, The
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(1) sedentars,ow,

time Liw.
(3 baed resty
(4} weightbessness simulation’
(5} physical inactivit®.tw.
(&) sedentary lifestyle
(70 weightbessness
(&) sitting/
(8} Suspension’
(10 Weight bearing!
{11} Head down tile!
(12} posture!
(13} immobilizaton/
(143 orf[ 1= 13}
[ 15) cardirascular finess.tw,
(L&) metabolic syndromss: o
[17) Insulin Resistance! or insulind

(20 Trighycerides!

o plucoss bomenstasis!
(22 lipsd meetabalizm!
{233 ord[ 15 = 22)
(240 140 and (23)
(250 (240 o Canemald ot hummsand |
126 remove duplicates froem (25)

(2} [ichair or sitting or car or autemobile or avte or indoor or in-door er screen or computer) adj

[ 1&) imetabalic cardipvasoular syndrome or metabalic syndrome or synadrome <) tw.,

(1) enp chobesterod, hdlf o exp lipoproteins, W or cap lipoproteing, vldl!

(21 Glucose Intalerance! or Glucese Clamp Techniqued or Gliscose Toderance Test! or Blood Glucose!

AvcoriTHM 1 Medline search sarategy,

Cochrane Collaboration), and GRADE was assessed using
GRADEpro Verston 3.6 {GRADE Working Group).

3. Resualts

.1 Deseription of Studies. After deduplication and the re-
moval of conference abstracts the search strategy retrieved
5,670 articles for initial screening (Figure 1). To this, 16 addi-
tiomal articles that were identified through key informants
were added, bringing the total number of potential articles
1o 5686, Inital screening of titles and abstracts idennified
85 articles that received a detatled assessment of the full text
article, Reasons for excluding studies included an ineligible
exposure {e.g. the bout of sedentary behaviour exceeded
7 days, or simply investigated the impact of reducing
atructured physical activity in active individuals, without
actually impasing sedentary behaviour) (r = 26), the article
being written in a language other than English or French
[ = 12], ineligible outcome (n = 7}, the article being a
review or commentary (4 = 100, and “other”™ (r = 2}, Some
articles were excluded for multiple reasons,

A total of 29 articles reporting data from 25 independent
interventions met all inclusion criteria and are presented in
the current review. Nineteen of the identified interventions
were nonrandomized trials, 4 were randomized crossover
studies [eg, participants served as thesr own controls}, and
2 were randomized controlled trials, The studies included
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a total of 368 participants (309 males and 5% females),
who were recruited from 12 countries across Morth America
(LI8A), Europe ([enmark, France, Bulgaria, Russia, Greece,
Sweden, Poland, and Slovakia, Norway), Asia [Japan), and
Chozania [Australia), Participants ranged from 18 to 72 years
of age, although the average age of participants was wnder
35 vears for all but 3 studies, and under 30 for all buy 7
studies, Sixteen studies employed head-up or horizontal bed
rest, 5 employed head-down bed rest, 4 emploved sitting,
amd one employed casting (one employed both sitting and
head-dowen bed rest). The smallest stedies had 5 participanis
[19. 20| and the largest had 38 [21]. The mean number of
participants per study was 15,1+ 10,1, and the median was 10,

Three studics examined the impact of 2, 4, and 5 hours
of uninterrupted sedentary behaviour on biomarkers of
terest, respectively; all caher studies examined the impact
of | day or more, Six studies examined the impact of 1 day
of sedentary behaviour, 4 examined 2 days, 7 examined 3
days, 2 examined 4 days, & examined 5 days, 2 examined
6 odays, and & examined the impact of 7 days of sedentary
behaviour {6 studses collected data at multiple time-points ).
Characteristics of individual studies are presented in Table 1,

A2 Fasting Insulin, Two randomized crossover studies (n =
22y (11, 22] and 12 nonrandomized intervention studies
(r = IB5) [y 21, 23-32] examined the impact of seden-
tary behaviour on fasting insulin bevels (Figure 2). Meither
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Recnids idemstifiod thenugh
databire searching
{m = P70}

Additianal seconds sdenrified
through other sources
{n = 16)

Reards after duplicates and conference
proceedings removed

Ao ShEG)
Fgvonds screened Berords excluded
[m o= 566 [no= Sy

Full-text articles assessed

IFu"-Il.'H articles e luded,

|4 = 20)

fiee eligibiliny with reasuns
|4 = 85] |1 = 50)
Stdies inchaded in

qqualitazive synthesis

Fiauge 1: Flaw of articles through the search process.

randomized crossover study observed spgnificant changes
in msulin levels as a result of unintermupted sedentary
behaviour, despite having effect sizes in the moderate range.
Stephens et al. [11] reported that fasting insulin levels
were 47.6 = 116 pmol/L following one full day (17 hours)
of uninterrupted stting, comparad o 343 = 163 pmal/L
Fq;"mu'ing bl :La':,' that included as little 5i1'ri|13 s Msrihlg (=
& hours of sitting spread throughout the day) in a group
of 12 healthy young adults. Duran-Valdez et al. [22] also
observed nonsignificant increases following 2 days of strict
Ised restin both healthy participants (71,4 242,6 versaus B4, 1 =
36.4 pmoliL) and those with type 1 diabetes (782 + 503
versus 06,3 46,6 pmal/L).

Three nonrandomized interventions reported significant
increases in insulin levels ranging from 26 to 47% following
uminterrupted sedentary behavious [0, 23, 28] while &
reported no change [21, 24-27, 29, 30]. The interventions
that abserved a change in insulin levels tended to imposs
uninterrupted sedentary behavieur for a longer period of
time than those that found no change (6.0 = 1.0 days versus
39+ 2.6 d.a:,'x].. z|1]'u:|u|5|'| the mean number of 'p.articil'rn.ntx
[14.0 + 7.0 versus 16,4 + 13,3} and the quality of the studies
did not appear to differ across the interventions, Effect sizes
for these nonrandomized interventions ranged from —0,16
ter 095, wwith all bt one study reporting effect szzes in the
small and moderate ranges.
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Given the aforementioned evidence from both random-
reed and nonrandomized interventions, we conclede that an
acute bout of uninterrupted sedentary behaviour may result
in a small-to-maderate increase in fasting insulin levels,
However, the inconsistency of this effect and the lack of a
statistical significance in randomized interventions leads us
to conclede that the quality of this evidence i very low
{Table 2.

3.3 Faseing Glucose, Two randomized crossover studies (n =
121 [11, 22], one randomized controlled trial (v = M0
[33], and 14 nonrandomized intervention studies (v = 149)
|10, 20, 23-30, 34-36) examined the impact of uninterrupted
sedentary behaviour on fasting glecose levels. The one
randomized controlled gral n_-]'n:lrl.ﬂ] that, in u:-mpari:mn Lo
ambulatery controls, plasma glucose levels were elevated by
3% following 7 days of uninterrupted bed rest [33]. The
effect size in this randomized controlled trial was greater than
1, signifying a large effect. [n contrast, neither randomized
cminssover st ud]r n.-]'mrlﬂl any i."hnngu n I'-:|5:Ii|'|.1.:L slun:me levels
following uninterrupted sedentary behaviour [11. 22], One
of these randomized crossover studics reported o moderate
effect size of 043, |11], while the other reported small effect
sizes of 0.07 and (.14 in healthy participants and those with
type 2 dinbetes, respectively [22].



Jourmal of Mutritkon and Metabolism

Tanre 1; Charscieristics of induded studies,

Reference Dhesign  First author  Year Country o (M/F)  Age range Mean age Modality Duration Outcomes Ela:l;cmd
|57] RCT  Yaroshenko 1998 Greece M (30000 22-26 4.0 BR 7 days TG 4
|33] RCT Zorhas 1999 Bulgaria 30 03000)  E3-24 4.3 BR T days FG 4
|122] RCOY Duran-Valder 2008 L5A JETERE 3] 24=T2 46.2 BR Tdays  FIL FG 1S 21
[11] RO Stephens 01 UsaA 12 (606) 19-32 a.l 1T Lday  FLFG IS 4
|39 RO Dumnstan 2012 Australia 19 (1058)  45-65 53.8 SIT Shours  15,GT 7
|42] ROO Mypaard 00%  Morway 13 (13 =5l SIT 2 hours oT 3
[21] NT Alibegovic 2000 Dhenmnark 38 (3800) 540 BR 7 days Fl =]
151] NT Alibegovic 2009 Denmark 35 (330) FLT BR T days Fl %
[23.47] NT Blanc M France 16 (363) 2 HIMER  6days B, E‘c]'_" 15, 13
[35] NT Drolkas 1977 (811} 7 (7 19-12 200 BR 4 days FG; 21
[25] NT Barbs 1998 France B (&) I3-3] 7.1 HIERE  5days F1, FG 21
[ 1] NT Hamburg 2007 UsA 30 (1406) El i) BR Slays FL ;I'E._..]S. 3
t
|2 NT Kathow 1979 Russia 550 0 BR Slays TG 17
[41] MNT Kxilerich 2011 Denmark 6 (600) 2-35 87 ER 7 days 15, 4GT
|36 NT Ksinamtova 2002 Slovakim 15 (1500) 0 HIMER 4 days FG 1
|2%] NT Lipmiam 1972 LI5a, 7T 1811 BR 3days  FI 15.GT 18
[42] NT Kanikewska 20000 Japan B0y Pt HIDMER  Sdays FLFG. 15
|27.40] NT Mikines 1969 Denmark 6 (6/0) 1540 BR 7 days E. I":E;:.Jb.
HIEER, -
|30 NT Maro 2007 France B (#0) -1 30 T qhours  Fl, FG
Fii, T,
|34 NT Mavasiolova 2010 Russia LR 130 BR 7 days HIIL, X2
LDL
|26] NT Mygren 19497 Sweden 6 (R0 4.1 BR Lday  FLFG IS X2
|19 NT Richter 1989 Denmark 5 (30) =M CAST 7 days 15 ]
ET“' NT  Smorawinski 1996 Poland 29 (2900) 20,11 BR 3 days I5GT 2
28] NT Stuart 1988 L15A & (B0 Z1=28 30 BE 7 days FL. [-]L?F]S. 2
15, G,
|38] NT Yamagibori 1997 Japan X3 (1Y10)  19-15 BR ldays TG HDL. 12
LIL

R randamlnsd contredled trial; ROCE rassdomized conssover; BT nonrandomboed trial; Me male B femebe; HIEE: head-Gown bed res; 238R: Borlzoneal
ar heasd-up bad rest; SUT; sitking: CAST; casting: FGe fasting ghacase; FI= fasting insuling TG drighaeriches; HDL: HOL-<holesteral; LU LD L-cholisteral; 15;

insulin sensizivity; G- glucose tolerance.

Whem an Interventson wis described i nsore than one paper, the sathes name and vear age taken froen the earliest pablication

e nonrandomized intervention observed a significant
increase in glucose levels of mosberate size [10], one reported
a significant reduction of maderate size [36], and one inter-
vention observed moderate and large reductions in males
and females, respectively, although this change was only
significant in fermales [23]. The 11 other intervention studies
did net observe any significant change in fasting ghecose
levels following uninterrupted sedentary behaviour |20, 24—
30, 32, 34, 35|, The effect sives among these |1 studies ranged
from —1.21 o .47,

Given the evidence provided by 17 separate intervention
studies, we conclude that an acute bout of uninterrupted
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sedentary behaviour may result in a small-to-moderate in-
crease in fasting glucose levels. However, the high level of
inconsistency from both randomized and nonrandomized
interventions leads ws to conclude that this evidence is of very
Low queality.

3.4, Fasring Triglyeerides, One randomized controlled trial
ir = M [37] and 3 nonrandomized interventions (n = 51)
|10, 34, 38] assessed the impact of uninterrupted sedentary
behaviour on fasting triglyceride levels (Figure 3). The ran-
domized controlled trial [37] exposed 200 men 1o one week
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Figure 2= Forest plot of mean differences of fasting glucese and insulin values between sedentary behaviour and contrel conditions

[sedentary behaviowr-control ),

of bed rest and assessed uriglyeeride levels on days 1, 3, and
7. The 20 men in the expenmental group were further split
intes two groups of |0—thaose who knew when their bed rest
would begin {aowte bed rest), and those who were not told
when it would begin [rigorous bed rest). In comparison to the
control Em-up. l:r'|$l:,-|.'uri.dé levels were S:iErli.rll.'ul'l.l]:-‘ elevated
by 30,2% in the acute group after one day, although ne
change was obscrved in the rigorous group, Following 3 days
of bed rest, trigyceride levels were clevated by 15.2% and
23.6% in the acute and rigorous bed rest groups, respectively.
Al the completion of 1 week of bed rest, tnglycerde levels
remained elevated by 36.8% and 31.9% in the acute and
rigorous bed rest groups in comparison to the control group,
The effect size for sedentary behaviour in this intervention
wis above | for both intervention groups on days 1, 3, and 7,
indicating a large effect.

The three nonrandomized interventions also found tha
acute sadentary hehaviour resulted in significant increases in
triglveeride bevels [10, 34, 38]. Hamburg et al, [10] reported
that trighyceride levels were elevated by 3M.8% following 5
days of bed rest in 20 healthy men and women. Navasiolava
et al. [34] abserved that u.'|l|"||:m$h ] |.'|"|u.11$,e in lri?;]:.-'ﬂ‘erh]u
levels was observed following 3 days of acute sedentary
behaviour in a group of & male participants, triglyceride
levels were 58.9% higher than bascline on day 7. Finally, Yan-
agibaori et al. |38] found that trighyceride levels were elevated
by 38, 1% Folbowing 3 davs of bed rest in men, but not women.
With the exception of male participants in one study [38], the
effect sizes reported in these nenrandomized interventions
were all moderate to large.

Given the large and relatively consistent changes in
triglveerice levels reported by both a randomized controlled
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Tamie 2 Sarmmary of key evidensce,
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Fasting insulin 14 207 { 187720 Small-to-Moderate Wery low quality
Fasting plucos: 17 191 {163/28) Small-to-Maoderate Wery low quality
LIML-¢ ket rod 2 28 (2246} Moderane Wery low gualiny
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Figure 3 Fosest plot of mean differences of fasting lpdd levels between sedentary behaviowr and contral condivions (sedentary behaviour-

comtral |

trial and monrandomized interventions, we conclude that
acute bouts of unintermapied sedentary behaviour result in
a meoderate-to-large increase in crculating tiglyceride levels
and that the available evidence is of moderate quality,

3.5, Fasting HDL-Cholesterol. Three nonrandormized inter-
ventions (= 51) [10, 34, 38] reported on the effecr of
uninterrupted sedentary behaviour ranging from 3 to 7 days
an HDL-cholesterol levels, Tweo interventions reported non-
significant reductions in HDL-cholesterol levels following
sedentary behaviour |10, 34| while one stody [38] repored
significant reductions of 11.5% and 19.3% in men and
women, respectively, following 3 days of bed rest. The effect

171

sizes in these studies ranged from 0,09 to 0,84, suggesting that
acute bouts of uninterrupted sedentary behaviour may result
m meoderate reduectrons i HDL-cholesterol levels, :Hmu'lner.
given the inconsistency of these findings and the lack of
data from randomized interventions, we conclude that the
available evidence is of wery low quality.

A6 LD -Cholestersl. Two nonrandomized interventions (n
= 28) [, 34] examined the relationship between uninter-
rupted sedentary behaviour and changes in LDL-cholesteral
levels following 3 [34), 5 [10], and 7 |34] days of seden-
tary behaviour. Althougl the studies reported moderate-
sized increases in LIML-cholesterol bevels at all time points,
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Froune 4: Forest plat of percent mean differences of insulin sensitivity and glucose tolerance hetween sedentary behaviour and conirol
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none of these increases were statistically significant. Thus,
while the available evidence SUpRests that an acute bout of
uninterrupied sedentary behaviowr may result in a moderate
increase in LDL-cholesterol levels, the quality of this evidence
is wery low.

1.7 Insulin Semzitivity. Three randomized crossover studies
[ = 41) [11, 22, 3] and 10 nonrandomized interventions
[ = 1200 [ 10, 19, 23, 24, 28, 29, 32, 38, 40, 41] examined the
relal:i.-l;-ns]\ip between acube bowts of un:inlerrupled..:ed.entnrr
behaviour and measures of insulin sensitivity in healthy
adults {Figure 4]. The measures employed included HOMA
[0, 32, 41], QUICKI [22], insulin-stimulated glucose uptake
[11], insulin sensitivity index |10], insulin area under-
the-curve (AUC) during oml glocose tolerance tests or
standardized meals [23, 24, 28, 38, 3%, 41|, and hvperinsu-
linemic cuglycemic clamps [ 19, 28, 40]. The crossover studies
meeasured insulin sensitivity during 5 hours of sedentary
behaviour [39], as well as before and after 1 [11, 22] and
2 [22] days of sedentary behaviour. The nonrandomized
interventions assessed insulin sensitivity before and after 3
[24, 29, 38], & [10], & [23], and 7 [19, 28, 40, 41] days of
sedentary behaviour.

Two of the three randomized crosmover studies |11,
39| reported that uninterrupted sedentary behaviour had
a deleterious effect on insulin sensitivity, Stephens ot al.
reported that insulin-stimulated glucose uptake was 39%
lower following a day of acute sitting in a groug of 12
healthy adults, in comparison o a day that minimized atting
[11]. Similarly, Dunstan et al. reported that the insulin
AUC following a standardized meal was increased by 309
following 5 hours of uninterrupted sitting in a group of 19
averweight adults, in comparisen w5 hours of sitting which
was broken up with pericdic light-intensity walk breaks
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|39]. The third crossover study [22] reported that 1 day of
wedunlary behaviour resulted in a n|1n$i5|1'iﬁn=nl recluction
in QUICK] scores in 3 healthy adults and a nonsignificant
increase in 5 adults with type 2 diabetes, A significant
reduction in insulin sensitivity was observed following two
days of bed rest in participants with type 2 diabetes, but sot
m Mnlrh':r adults, The sign:iﬁﬂnt recluction in E}ﬂ.rl'i:iprlﬂ1$
with type 2 diabetes following 2 davs of bed rest was of
moderate size, while the nonsignificant reduction in healthy
participants was small.

Eight of the 1 sonrandomized trials reported significant
reductions in insulin sensitivity ranging from 12.5% to 100%
following uninterrupted sedentary behaviour, For example,
Hamburg et al. [ 10] reported that HOMA insulin sensitivity
was reduced by 50% following 5 days of bed rest in 20 healthy
adults, while the msulin sensativity index was reduced by
12.5% in the same group of subjects. Similarly, Yanagibori
et al. [38] report that insulin AUC during an oral ghacose
tolerance test was increased by 16.6% in 10 men and 74.9%
in 7 women following 2 days of bed rest. The effect sizes from
these nonrandomized mterventions ranged from 0234 10 3.3,

Although the majority of studies (9/12) examining insu-
lin sensitivity had no control group, the effect sizes of the
sedentary behaviour interventions were consistently moder-
ate b large, The results were alse consistent, with 10 of 12
published studies reporting a reduction in msulin sensitivity
in at beast one subgroup of participants. Thus, we conclude
that acute bouts of uninterrupted sedentary behaviour are
likely to result in a moderate-to-large reduction in imsulin
sensitivity and that the available evidence is of moderate
quality,

a8 Gheose Teleronee Tests, Two  randomized  crosover
studies (n = 32] [39, 42] examined the impact of 1 [42]
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and 5 howrs [39] of prolonged sitting on ghicose AUC in
response to a stamdard meal, while seven nonrandemized
interventions (r» = E7) [23, 24, 27-29, 38, 41] examinesd
the impact of uninterrupted sedentary behaviour lasting 3
|24, 58], & [23], and 7 |27, 28, 41] days on measures of
glucose tolerance.

Both of the randomized crossover studies reported that
uninterrupted sitting resulted in significant increases in
glucose AUC in response to a standardized meal. Nygaard
et al. reported that 2 hours of sitting resulted in a 45%
increase in the glucose response 1o a standard mesl ina group
of 13 elderly women, in comparisan 1o a combination of
sitting, and walking at a self-selected “very light™ intensity
[42]. Similarky, Dunstan et al. reported that the glucose AUC
fellowing a test meal was 53% higher following 5 hours of
prodonged sitling, in comparison to 5 hours of sitting which
was hroken up with p:rigﬂ]ic ]ishi-intensiw walk breaks |3’9]_

Five of seven nonrandomized studies reported significant
reductions in glucose tolerance in at keast some participants,
ranging from 7.8 to M¥e. For example, Smorawidski et al.
[24] reported that glucose AUC during oral glucose welerance
tests was 3% higher following three days of bed rest in
inactive young men, although there were ne change in
endurance- or strength-trained athletes. Yanagibori et al
[38] observed significant 7.8% reductions in oral glucose
talerance m wormen, but oot men, following 3 days of bed
rest, The effect sizes in these studies ranged from —0.03 to 1.4
and were in the moderate or high range for all but one study.

The available evidence suggests that acute bouts of
uninterrupted sedentary behaviowr may result in moderate-
to-large reductions in oral glueose wlerance, Given the
relatively consistent findings and the strong evidence from
randomized crossover studics, we conclude that the evidence
linking acute sedentary behaviour with redwctions in glucose
telerance is of moderate quality.

3.8 Quality Assessmient, Downs and Black scores assessing
the risk of bias for individwal studics are presented in Table 1.
The averape score was 214 + 23, our of a maximum of
32, The three randomized crossover stucies had the highest
quality (250 = 1.7}, followed by the randomized controlled
trials (22,5 = 21) and the nonrandomized interventions
(2008 = L4 The overall quality of evidence related to each
outcome is presented in Table 2.

4. Discussion

Based on our systemiatic review of data from 25 independent
interventions, we found moderate quality evidence suggest-
ing that acute bouts of uninterrupted sedentary behaviour
lasting 2 howrs w ¥ days result in rapid and deleterious
changes in triglyceride levels, insulin sensitivity, and glucose
tolerance., We also found very |w-1.|u:||ih_.- evidence that it
results in changes in fasting glucose, fasting insulin, and
HIVL- ar LDML-chadesterol,

The fimdings of the current paper have important public
Tealth implications. Recent estimates suggest that on average
teorth American adults and children spend 7=10 hours
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per day—imore than half their waking hours—engaging in
sedentary behaviour [43—46]. This suggests that many indi-
wichaals likely spend several consecutive hours sitting down
on a regular basis, which is not dissimilar to the protocol
employed by 3 randomized crossover studies in this paper
that resulted in significant reductions in insulin sensitivity
and glecose tolerance [11, 39, 42]. Individuals who perform
long bouts of uninterrupted sedentary behaviour on a
regular basis may therefore be exposing themselves to higher
levels of circulating triglycerides, as well as reduced imsulin
sensitivity and glucose tolerance, which may help o explain
the prospective associations between sedentary behaviour
and chronic disease morbidity and mortality [3-5].
Research in animal models sugpests mechanisms that
may explain our observation of consistent changes in baoth
insulin sensitvity and plasma triglyceride levels in response
(15} 1|ninterrupt::| 5ﬁ|.¢r|t.1:r:|r hehaveour. H‘-e:,r ancd Hamilton
reported that just 18 hours of hindlimb unleading results in
near total cessation of lipoprotein lipase activity and roughly
75% reduction in trighvceride uptake in rat skeletal musce
112]. Sirnilarly, o0 is alio well esablished thar skeletal muoscle
denervation results in rapid changes in glucose transport
protein expression and reductions in insulin sensitivity
|13, 14}, These findings suggest that rapid and deleterious
changes in skeletal muscle metabolic function may underlie
the rﬂa!i:nxhip between .'mrJenLur:r Tsehaviour, lr.ig'l:.-'r.'eridu
levels, and insulin sensitivity observed in the present review,

4.0 Brrengths and Limitarions. The meajor strength of this
paper is its rigorous systematic methodology. The search
strbepy was erl-;_rpud i consultation with a research librar-
ian with expertise in search creation, and the screening
process included two independent reviewers who came o
consensus on all incuded soadies. Strength of evidence was
assemsd watng GRADE in order to increase the transparency
of the grading process. Finally, the paper was prospectively
registered with PROSPERO.

The limitations of this paper relate primarily to the
quality of evidence that is presently available. OF 25 indepen-
dent interventions identified by this paper, only 6 emploved
a randomized design. Further, although fasting glucose,
glucase wolerance, insuling, and insulin sensitivity have each
been examined by 9 or more investigations, lipid levels
have received little attention by comparison. Given the smvall
number of studics and the low guality of evidence currently
available for these outcomes, it is dithcult to determine their
relationship with sedentary behaviouwr with any certainty.

There has alse been a large amount of heterogencity in
the modality of sedentary behaviour (e.g., sitting versus bed
rest) and in the way that outcome measures are caloulated,
which precluded the wse of meta-analyses in the present
paper. Only 5 studies identified by the current paper exam-
med a mudalil::r of sedentary behaviour other than bed rest.
The masdality of sedentary behaviour which is most common
in daily life is undoubtedly sitting, vet the acute impact of
sitting has only been examined in four interventions. In
contrast the metabolic impact of bed rest has recedved far
more attention in the published literature [16], despite the
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faci thai prolosged periods of bed rest are uncommes n
lay-ga-dary life. Given that it & unclear whethir s#ting amd
bed rest hasve a similar impact on markers of cardiomeabols
risk, if = impaoriant that futore studies focus on the impact of
sillarg b determine whethar il hus s impact which = ke
i thnt of ez s,

The sampke size of mosi interventions khenbfed by this
paper was gpane small, desd the van mapsiry of el wen
performed in physically fit, Bealthy young aduli males bes-
wen the apes of 20 amd 30 We omlly kdentified two mmier-
wentions foecused on isdividusls above e age of 50 (39, 42),
or those with ehevated bady weight [22, 39] and we werne
nit able g identify any inlerventions feswdng on pediabng
populatiere, Further, females made ap just 18% of the par-
ticipanis in the idenisfied interveniions, which makes it
unidizir whether the relatioschips. obhservnl im the oeremt
paper will gereralize 1o females of any age.

It iz also worth meting that, at present, it i difficels o
dillerestiate B inpacl of sediibary behaviour per s Do
that of o positive energy balance. I energy intake is main-
tained at an individuals habstoal kevel, i can be assumed thar
i impesed bout of sedentary behaviour & likely 10 resul
in positive energy balance. Hoewever. wo our knosdedge only
one infervention |L1] bas adempted 10 sparaie the mmpact
af an acite bowt of sedentary bebelour Broms tha of acune
positive energy balance, Inierestingly, Stephens o al report
that mdusang, emergy intabe e mmatch snergy espinaditung
during a bout of proloeged sedentary behavioor reduced the
deleverions impact o insulin sensitvity by rooghly S04
[T, Fusther, o stsedies idestiliad in the cuseent pegeer
reported adjusting resulis for baseline physical acthvey,
fitries=, o dict. Fojure work should invesbigabe these jssmxs
Tusther, in ceder B digermine the relasve comtributions of
seidentary bebarviour and positive emergy balance wo changes
in cardinmutabalic risk facsans,

Tir afsite cedy thorve studies have coamsned the impat of
uninterrupied sedentary bebaviour lasting less than 1 day
on markers of metabedic risk, Green el healghy individhals
rarely spend 24 hours sngagisg i uninszrrapied sedesnary
behaviour, it is imporiam thar fuiure siodies imestigate
whither shooter Bosats of sdenlary behaviour alss Fove a
meawarable Enpact on metabalk bealthe Future work should
alsn investigase the aomie imnpact of sedentary behaviour on
nonbarlitiond markers o canliclabolic ik indluding
adipokines and markers of Inflasmation. Finally, none of
tha studies identified in the current paper examined whethser
these dedeterions o in risk markers persisied onoe
participants returned o free living conditions. Thus, in is
unclear whether the chasges ehserved in the reviewed shilies
eitduse for several days following the cesation of sedestary
behaviour, or whether they are rapadly resolved. Assesing
the clinsal significance of these chamges will be lifficult until
their time-conrse his been more careflly examined.

4. Condlusions.

This stily ckemamsirates that, a8 present, thive & miskeraty
qualicy evidence that acute bours of uninenuped sedemary
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behaviour resakt in significant and deletenous dranges
insulin sensativigy, glheooss sberancy, and plasma erglveends
lewveke, There bs currently very kew-qualiny evidence linking
uninferrupied sedentary behaviour with changes im circula-
ing insulin, glucoss, and HOL- aned LIVL-chadistenn] Revels.
There ks mo evidence that acune boues of unintermepeed sad-
enkary behawiour provide amy pomtive changes in markers
ol cardiometabalic rik, Boweves, the majority of soudics
identified by this paper foomsed om bealthy young men, and
it is thevefore undear whsther these resulis will generalize

tix fernales of 10 other age groups. These Hndings ssaper
that mrinterrupied bous of sadentary bebaviour should ke

aveaded in order o pravend bransent inereases i makabols
risk.
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Abstract

Backgrownd: Sedentary behaviour has recently emenged as a unsgue risk factor for chronic disease morbidity and monality.
One factor that may explain this relationship |s wisceral adiposity, which Is prospectively assoclated with increased
cardiomatabolic risk and mortality, The objective of the present study was 1o determine whether sedentary behaviour was
associated with increased accurmulation of visceral fat or other deleterious changes in cardiometabaolic risk over a Eyear
follow-up period amang adult participants in the Quebsec Family Study,

Methods: The current study included 123 rmen and 153 women between the ages of 18 and 65. Total sedentany time and
physical activity were assessed by self-repom questionnaine, Cross-sectional areas of wisceral and suboutaneous abdoménal
adipose tissue were assessed wsing computed tomography. Cardiometabolic biomarkers including fasting nsulin, glucoss,
blaod Epids, HOMA-Insulin Resistance, and oral glucose tolerance were alse measured. All variables of intenest were
collected at both baseline and follow-up.

Reswlts: After adpustment for age, sex, baseline BMI, physical activity, energy intake, smoking, education, income and
menopausal status, baseline sedentany behaviour was not associated with changes In wisceral adlposity or any ather marker
of cardiometabolic risk, In the longitedinal model which adjusted for all studied covariates, every 15minute increase in
sedentary behaviowr from baseline to follow-up was associated with a 013 cm increase in waist cdrcumference (95%
CI=002, 0.25). However, there wai no aisodiation between changes in sedentary behaviour and changes in visceral
adiposity of ather markers of candiometabalic risk,

Canclusfom These results suggest that neither baseline sedentary behaviowr nor changes In sedentary behaviour anz
assaciated with longitudinal changes in wisceral adiposity in adult men and women, With the exception of waist
circumference, the present study did not find evidence of a relationship between sedentary behaviour and any marker of
cardiametabalic risk in this population.
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Introduction markers of cardiomeraholic visk [7
and colleagues reporied that mereases moelevision [V viewing
clisring a Sevear llowsip period were associated sith significam
mer s in waist ciroumberemce in both men and women, and
wecw i hilcod pressure and closiersd cardimmecabalic risk

amang waomen [

A For example, Wijndacle

behavious  [eg sinimg,  reclining]  has recenth
emerged as a unigue risk facior for chromic disease [ 1.2] and is

caimntentih ass and

1 with dncreasesd risk of bath oh
muortality [3-6]. Excess sedemtary time has alse been associaed
with  increased  accumalation of cemral :uli|mniu amd ot her
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e Fator thal may Ik sedentry bebaviour with mereased
mwhidity and meraliy is the accumulatica of visceral adipose
trene, which = prospectively  associated wath mortality and
inreasel cardiometabalic risk [9-11]. Despite the hypothesized
link between high levels ol sedentary behaviour and both ehesity
anel central adipasite, the association bemween sedemary behvions
amel the aceumubstion ol vizoeral adipose ti=oe remains Lirgely
wnesamined, Tooour knesledpe, ondy s crossssectiomal smidy has
examined this question, and reported no association between
sedlentary helavivar aned visceral Tin levels in phyically inactive
aduls | 1Z].

A lomgiudinel snsdy of abe asocaton between sedemtary
behaviour and the accumulatgon of visceral far could therelone
make an impeetant contibotion e onr understanding ol the
relationship between sedentary behastour amd chronic disease
mirichivy and meralig. The ohjective of the preaent study wis o
devermine whether sedemtary behaviour was  associated  with
wirias] ascumakaisn of veeceal G ar ather deletenioas changes

Seclentany Time and Wisteral Fan Acoumidation

m ardiometabalic sk ameng adule participants in e Chiebec
Famaly Susdy.

Materials and Methods

Ethics Statement

Al participants provided weinen Informed consem o panici-
pate in the suxly. The project Bllowed guidefines of the Medical
Resereh Conneal of Camaida, and was approved by the Medical
Eihics Committer of Laval Universiy.

Subjects

The Caeher Family Study was initiared ar Laval University in
TUTH, The primary goal of this progect was to investigate the role ol
genetics i the development of abesity and selated cardisascular
risk factors. A total of 165 indrviduals from 575 familes were
recrited and assessed i Phase | ol the susdy (1978 o 1981 In
thas imitial phase recraibment was condected imespective ol body
seight, resilting in a cohan wish body mess index (BMI, ranging

Tabla 1. Baseline subject characterstics acrass tetiles of baseline sedentary behaviour in males,
n LM Law Madium High
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Table 2. Baseline sulbject characteristics acrass tertiles of baseline sedentany behaviour in females.
n LK) Lo Mediam High
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‘In Jutbec, there b a level of education genesally lasting 2 to 3 years between high school and university termed CEGEP [College a'Srselgnement Géndm! af
Prafiziionnal, an acrofem thal deas nol hawe asy tramlation is Englids
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from 13,5 4o 42 kg m™. An adelitional 123 families with =t beast 1
parent and | edlepring with a BMI of 32 ar higher were added 10
the stundy in Phaas 2019009 1954 amel 3 0190052000 of the sy,
while aba retesting 10 familees from Phase 1 Families were
recruited] thesngls the media and were all French Canadians from
the greater Chethec Chy area. From the sample ol 223 white
i lear Tamilics (regaling %51 sibjecs imvolved n Phases |, 2, and
B 147 men and 1689 women were ehgible lor lengrodmal analyses
betwesn Phase 2 and % Longinudinal analyses were not possibade
with Plase | as sssesanents diffiored a0 s e poinn foem dhese
employved in Phases T and 3. Additional deails abow the Quebec
Family Study have been presioushy published [13],

Baseline in the currem study correspanided 10 Phase 2, and the
wiean duration ol Flbow-up betacen Plase 2 and 3 was 6.0 50
L] years. The following exclusion crteria were apglied: (1) aged
lesss thaam 18 vears ar greater than G4 el w0 15 men and 9 swamen
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1) diabetic, defined as use of insulin ar a hypaglyoemic
agent, a lhsing plasma glecose level of =70 mmal 7L, or a P-hoar
pcm;lml.d |'|l.n.rnu glocase Jevel ol 2111 mmcd/ L (7 men and 3
men and 4 women exclided], The fmal ouwmber of eligible
pnl':iri|u||.|i within the longinsdinal mmrplr wan MG indwcidiials
(125 yen and 153 wornen| [see Tabhes 1 amd 2),

Sedentary Behaviour and Physical Activity

Sedentary beluviour and physiseal activiny sere estimated using
a phrysical activety record [ 14]. Subjects had wo complee a physical
activiey diary for 3 davs, including 2 sweekdayvs and 1 weekend day,
with cach day being divided ine 96 pedods of 15 minoes cach,
Subgects were asked (o code the main activity performed during
eiach |G-minue period using a scale from | o %, ranging from
>Jn,-|:|i|||;g (canepery 1) e dmense manal swark deategory 95, Time
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Sedlentary Time and Wiceral Fan Accumulation

Table 3. Assaciations (95% corfidence intervall of sedentary behaviour and markers of adipasity at baseline.

Model  BMI M) BMIF) we Fath TAAT VAT AIAT

i —001 — 00k ooy Al =15 — 07 —1.45
=008, o7 (=013, (=010, .24 [=&32 0m) |=428, 107 1-08% nany (= R4d, 033

1 =0 o nng =0l -036 LA L) =05
{008 0o7) =0, =014, AT =210, QU8 |-219% 221 {050, 004 (=25 144

1 =0 =y ] ] s a8l =04
4-00z, 0ol (—00%, - =000 b -0 21T |1-138, 257 1-08z 20 [—1.55 1471

Madel 1- unadjusted.
Mol 2= acfuntid fer s and s

e G

abdominal suboutaneous adipose thsue,
o 1037 ournal por 0054215 0040

apent in cateprries G o % owas used o cakoulare moderaneo-
vigoreus phiysical activity (MY PA) [14]. Sedentary behaviour was
cabulared as abee s of tme ddennified as being nocaegary 2
(Hitking: eating, listeming, writing, e1c”)L Time spent in category |
-:";J.-._-piug, etimg i bed™) was e fncloded G the ssdeimary
behaviour categary as sedestary behaviour relers anly v waking
|rh||l.i|||lh. |2| ]IH‘ |’1'|i|||:|i|i[:,' uﬂd I.'|||i|:|il,5,' |‘Ih|,' I'r|,|||'-ﬂ IIH'I.'I."IH,'I,'"
previnely reported | 14]. These measurements were perdonmed
btk an bascline and afier § years

Assessment of Abdominal Fat by Computed
Tomagraphy (CT)

Croesesectonal abdommal adipose tasse arvas were assessed by
CT using a Sfemens Somatom DEH scanner [Edanger, Germany)
as theseribed in detaal elsewhere [15]. Brielly, an abclominal scan
was taken between the fuarth and il himbar venelese (L4135
with subjects bving m o supine pesttion with arms siretched above
the bzl The pesition of the scan was determined wising a seoa
racivgraph of the abdomen. Teotal amd visceral aclipose tesue anes
were delincated with a graph pen and then compated using an
attenuaticn range o = 190 =30 Hounsfickd units [16]. Visoeral
Tar area was derermined by drasing a Bne within the misce sall
surrounding the abdominal cavity, Abdominal subcutaneows fat
area was abnained by nu'npmimr the differenice berwveren wonal and
visceral adipose e arcas,

Mndel ¥ aduried for pge, se DML enengy iniske, modessbe-to-vigoroue physicsl scoaty, aducational leeel, ncome, smoking snd menopaussl siste,

i, h‘.llli.F. Female; BML, Boady b index: W0 Want Creumieencs; Fatk, body Ta percentage; TAAT, stal abdominal adipene S VAT, whcenl adposs Hiiue A5AT,

Anthropometric and Body Composition Measurements

Hetght seas maeasared e the nearest 000 ooy oaing & standared
stadiometer, and badv weight was measared e the rearest 0] kg
waing o dagiial panel idieaor scale (Becknsan Indusagal Lad,
Mode 6107612, Seoland, UKL BMID was caleulaved as hedy
weight ainided by beight squared (k™. Wakst cirewmfirenes
wis measured at the line between the lower border of the Last ol
and the wpper border of the e crest. Al anthropesnenic
measrements were performed according v standardized proce
dhures pecomumendied a1 The Aarlie Conference [17], Body densaty
was abtained from the mean of G valid measurements derived from
uilerwater weighing [18). The  hebum dalution mwethod ol
Meneely and Kalreider [19] was used w0 determine  the
pulmonary residual volume befire mmanersion in the bydrosiie
tank,. Towal body G percemage was determined  from hody
clensaty with the vouation ol Sin [20], Buody Gt mss was estimiateed
from by weigln and the perceniage of badv G These
measirements were performed mthe same way at both baselme
amid alter 6 years,

Cardiometabolic Risk Factors

Toatal chaleseral and ighaersde concemraiom were deer-
mincd by use ol commercial enzvmatichased  methods, as
described elseswhiere [21], HOL-chobestered concentrations were
amialyzed alier precipiiation of apalipeprotein. B-rasaming lipe-
prodcing with heparm and mangancse chlovsde [22], Glucose
concemrations were measured engymatically and serum insulin

Table 4, Assoclations (95% confidence intervall of sedentary behaviour and markers of cardiometabolic risk at baseline,

Mode & aduned tor e and se

w0,

elet: 101371 fournalpore 0542 15 1004

PLOS OME | www plosonearg 4
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Glucose Imsulin

Model  HDL-C M) HDL-C (F) LWL Ta FG Fl HOMA-IR ALUC AUC
1 —nm =0 =0 (i) o oo o - Ba.&4

(=000, &) =0, 000 —0ld Q) (003, iE) -0, 001 (-0, 8710 {00 00d] [-327 285 [—&6003, 33737
a nm i Qi [T} fital] i [iTi}} EY 150 64

OOl -0, 00T 00 I -00E 3l -0, 00Ty [-DE sl {003 003l |-150 344 [- 57125, 5650
3 —0o1 Qi ooy -0l —au -3 =001 —&37 BI3 0

(=0, o) (=001, 003 (=i 00 (<008 0001 =0l 001 (=10 00T (=008 0] [S1EEN QN [-45545, 2050
Mdndel 17 ynpdjusied,

el B achunted dor sge, s, BMY, ey intake, medisate-lo-vganmn phyiical sctity, sducational lireel, income, sseking and menepausal e,

M, Wl F. Female; HOLC HDL-Chalisoerol, LOLC, LOL-Chakimeral: TG, eiglycosides FO. fasting Qlucote: FL faming ineding ALC 59 under tha-Liifd
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Sedentary Time and Yisceral Fag Acoumilatian

Table 5. Assaciations {95% confidence interval] of baseline sedentary behaviour with Goypear change in markers of adiposity.

Modsl EMI (M} EMI (F) we Pt TAAT VAT ASAT

i ] —iu — 2 —aZ —aAar —023 —0.24
[0, Qs [0, —on |=@09, a0y =006 0| {=1.57 0 (=071, a0 L1400, 20

2 om -0 -0z -3 -n33 - =014
(=002, S05) I={ud. —007y =300, 005 {008, 00| §=1.47, LEl (=030, 433 (=054, &7

3 i L) =0 =0ar =R L] =053
[—0u0E. Q051 -5, 3l |- ¥5, 005 4—1 5 D {—28% 1.531 (=138, 1051 [—1.50. Q86

Mode - unadjusned.
deircded 1 achustind bor dge and s

Bt

abdominal sebwutansous sdipose thaue
oo 10 13T ournal pore: 0054235 0305

cargenrations were mepsired by radicimminosssay 23] A 75 g
aoral glursse toleramce test (17D was performed mthe morming
alter a 12 b G The val arcas wisder the curve during the
O for imsuling amd ghocase were comipated from the plasma
levels determined &t 15 min mrervale duriog the st hoor
lolkwwing  the glucose ingesion and  every 30 min for the
aubsequent B h, wsing the trapesaidal method as presiowsdy
described  [24]. Insulin sensitivity was estimated in the fasting
atane wsing the bamecstacis model asessment for insalin ressancs
(HOMA-IR) [25].

Energy Intake

Deen was evalmied with o S«day food record,  including
Dwvekidys and 1 weckemd oy, ot boselme ol pear B
Fartivipants were showam how 1o complewe this recond by a
deticiam whe provided instroction aboat measuring the quantities
of ingested foods [26]. Mean daily energy inmake was estimaned by
a dietician wsing o compaterized version of the Canadian Nutrent
File [37].

Measurement of Covariates.

Seseral covariates were measired viao sellrepored question-
naires. These include age, sex, smoking habits (nonsmaoker or ex-
amoker, lght amoker [= 10 chgarenes per day], heavy amoker [ 10
cigareties per day])., highest cducaional level (high school, college
[CEGEF G Ouebes], universing], woval annual Gy inoone

i, Male; P, Fornalis BML, Busely M. inalios, WA, Wit Cintuisnlaremsess; Fatl, bedy fat p

Sodel ¥ aduried fr pge, e, bossline BN eremgy intske, mosephe-to-vgomus phyicsl soirity, aducational kevel, imcome, smcking snd meropaussl siste,

tage; TAAT, sertal abd

Liacdigecriss Bnent; VAT, whicial adhpars haue ASAT,

(canegorized a5 T vanging From <= S0 10 30000 ar
mare| amd menogrusal stias.

Statistical Analysis

Sample size calculations were performed o assess whether the
presend dataser was ek o provide sullicien power o detect a
significant relationship between sedemary behaviour and longiou-
divval chinagis in our primary outcoane of visceral adigosaty, shoukl
one exist. Mssuming that the fully adjusied model swould accoam
o roughly 25% ol the varsnce in clanges mvisceral acliposaty
diring the feyear follow-up, and that sedemore behaiour swoukd
aceoant For ot bt 3% ol this varianee, the corment ditaset off 206
participants with full daia for our primary cutcome provides maore
thean 85 % poser toodetect asignilicant asscciation should cne exzst
at an alpha kevel af 0G5,

T derermine 6 men and women coukd be combinesd e one
amalyvears, ses-by-sedentaiy behaviowr mteractions wers assessed o
all dependent variables. Significant mueracions were detected for
BAIL and HDLchobeaeml, and dbus anahses ivalving thess
variahles are presemed in men and women separatehy. There were
no significant sex ineractions fue amy ofler variable: of interes,
therefore all other analyses present men and women combined in
apder T inaxamiee starmtical R .";cnﬂm'lilr of distrilastion was
asmessed wsing the ShapiroeWilk test and  visual  inspection.
Maderane- and vigorous-intensny physcal aoiviny and BMD were
bioth transfoemeed using a log lunction. Begressian analyses were

Table 6. Associations (95% confidence intervall of baseline sedentary behaviour with G-year chamge in markers of cardiometabalic

lochid - wnadjueed.
dndel & aduried for sge snd sex

prouls.
i, Wale B, Female HEAL-C HEL-Chel
oA VD T3T ] oL poires 0054235 000

b LEH-C LOL-Chak
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risk.
[ Ensulin

‘Mol HDL-C (M) HOL-C F) LDL-C TG FG Fl HOMA-IR AUC AL
1 ~uin e ~nn - s 0st i P Tt

[ AT N O o B ] T (=00, 001 |-, 001 (005, 108 (-0 0051 (407 252 (-5TOAE A
1 —oon [16]] =0l —oon gl a7 [elin] s [

[—00n, &) {-001, O8] [—081, —001F  (-L03, S0 |-G, 001 18, LIS]T 0, 005 [-345 387 (-S1400 £5600]
3 =y [=To1] = —ony =@ ALY (=)} —240 —1I5E36

(=00 291 {-007, b2l [—003. Q) (—O00E, Q03 -0, 001 (—089 135 007, 00f [(—1351, TES (- 253759, 236860

Madel 3 sdusted for ae, se bausine BMI sy intske, modsateto-dgomas physcal saking. sducational ke, income, smeking and meropaissl statue.

I; TG, brighyrerides; 14, faxting glucoss; FL fassing inusding ALK area uncler-the-cune
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Flpl.l'\i 1. Chnngu in visceral adipose tissue across tertiles of
Ch n wizceral adipose tissoe cross-
sectianal #El aCross LErl.i!!- of Baselrie sedentary behaviour (Figure 14)
of change in sedentary behasiour (Figure 18] were compared by
analysis af eowarance with adjstment foar age, sex baseling BMI,
energy intake, moderate-to-vigorous physical activiey, educational kewel,
income, smoking and mencpausal stabus. Data are presented 25 mean
* standard error. There were no sgnificant dfferences aooes tertiles of
sederdary bahaviour in aither anakysis,
i 1 E7 1 joamal pone D054 2250001

perfurmsed o determane the uoivarsae sl molisariate asoe-
1Bans between sedentary behaviour and Geyear changes in markers
al wardometabolic redk. Mulinearase meciels were adjosied Gor age,
s, haseline: BAL, energy imake, moderae and vigorous-intensivy
physical sy, educatiom level, income, smoking and meno-
pausal stans, Panicipanis were alse divided  inae sexsspecific
tertiles af baschine sedentary behavicor and change mseclentary
behavionr frorm baselime i fllewep, and an ANCOWA was then
u=cel o comgrire the change m markers of adiposity acroes these
1emiles, sdjusting for the samse covariaies as inoahe absove repression
amabyses, L shoukd be pobed thar panticipams with identical valoes
W gmu.[u-ul o the same enibe, which resulied in |||nrr|||>|.'l
numbers ol participants m oeach tertike. A Bonferrond cornection
was msed 1o sdjust for mu]l'q'.l:- :nmrurii:ms i [t b 1esrs
lolkwwing the ANCOW A,

Drana are given as mscan and scandare deviacion ks ofherw s
nated. Statistical signilicance was ser ar a @ valee of <005, Al
atanistical analyses were performesd valing SAS versdon 12 [SAS
Insticuae, Cary, MO
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Sedentary Tire and Wisceral Far Scoumidation

Results

Baseline Sedentary Behaviour and Markers of
Cardiometabolic Risk

Bascline characweristics of male amd female pamicipams are
presemed i Tables 1 oand 20 A bascline, men and swonwen
averaged 3.3 and 7.5 bours of daily  sedemiary behaviour,
rn.pa;ﬂi'.'d'_r. Sedenvary behaviour was non assecianed wiale any
marker ol adiposity or cardiometabolic risk m o unadjusted cross-
sectial amalvees a0 boseline [Tables 3 and 4), These resulis were
nod changed following adjussmem lor age amd sex. Follwing
acldivioil u.djmmr.m, Far energy intake, moderare-ge-vigarns
phvsical activaty, educational level, income, smoking and mene-
pnu..nl spatns, cach addivonal e-minmes ol bascline sedenary
bBehaviour was cross-sectionally assccited with 0003 I.ﬂ."rn:g hvwer
BERID (905 % = =05, —0,01] inwamen, b not men, However,
there woere no otber signilicant assocaisons between sedentary
hehavior and any other marker of |||:|i|'l:|iil:!,' o cardicemetnbalic
rizk in the fully adjusted model a1 baseline.

Tables 5 and 6 presem asseciations of baseline sedenary
behavieur with changes in measures of adipasity amd markers ol
cardicometabolic visk, respectively, Dy unadjustied analyvaes each 15
manuie ncrease in bascline sedentury behaviour was associoeed
it a WO T ol /L Enereaee i HDL-chokeaerd [95% CI=0.01,
0.00) ad o =004 kgdm® reduction in BAMI [@95% C1= —0.00,
=00 i ween, B e men, Follossing adjusomem for age and
sex, the association with BAI in women remained unchained,
while cach | S-minune incrcass in baseline sedentary behaviour was
albao associaved with o 001 memol 7L reducizon in LD L-cholesteral
A% CI=—001, =001, & W67 pmel/L incresss in fsing
msulin [95% =, 00, 1255 arsd a 005 uni increase i HO&LA-
TR Q5% CT= 0,00, 00E) i e aved seonen combined, However,
afier  lurther adjustment for baselime  BME, energy  intake,
mcuderane-to-vignrois physical aciviny, educarional level, income,
amoking and menopaws] staius, bascline sedentary behaviour was
ot psseiated with changes in any marker of ndi[h'nil'!.' ar
cardiometabolic risk.

Figur: 1A prosents the average accumulation of visceral acipios:
tissiee across the three tertiles of haseline sedeniary behaviour, The
i [standlard deviation] meported sedentary time o e dieee
certiles were 305 (GG, 471 (33) and G22 9] minues in the kow,
mcchivim, and high wriles, respectively, There were no differemees
in the accumulation of any abdominal [ companment across the
e tertiles of snl.'ulmr:.‘ Lsehiasdanar, .-"|I.|_iw°|i|||; For consarianes il
ned materially change the resuhs.

Longitudinal Changes in Sedentary Behaviour and
Markers of Cardiometabolic Risk

In the fully adjusted mesdel, each  15-minme merease in
sechentary behavicur was pesstively aesociabed with a 0013 cm
ncrease moswaist circumbference [95% CI=0002, 0.25), However,
there were o significant asociatons between the change m
seckentary behaviour aced the change in visceral adiposity or any
athier marker of cardiometabohe risk [data not shasn).

Pagticipants were ko classilicd ina eniles based on theis
longitudinal changes m sedentary behavicar from baselme v
follonw up, Chne thisel of parieipants reduced theis sedemary tdme
by o mwan (siandard deviaidon] of P95 {100 minutes over the G-
wear {ul.l:m-np. Arwther  third  mwiniained roughly the same
amaunt of sedeniary behaviour througheout the study, reducing
thesiv seddengary time by an averape -::I'jl,p.l 1% 3% minuges, The
final third ol pamicipams mereased their sedemtary tmme by an
average of 1G5 97 minutes, Howeser, there were ma differences im
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the accummlation of any abdominal T comparment among thess
three tertiles (Fegure 16L

Discussion

Our resulis suggest that sedentary behaviour is not associted
with Gevear clangss in visceral u.rlipqu!. n adalt men and women.
T our knosdedge, this is the st lngiudinal sudy w examine
the relasicnship between sedentiny behaviour and the aroumila-
vt ol wrsceral acliprose tss measured by G, Thess Godings ane
earsistent with & recent study that found poo cross-sectional
sasiciation bevwecn ul:.j._-miwl_u measiired sedentary behaviear and
viseeral adipossty in a group of 126 abdominally obese men and
wannen [12].

Lt iz worth poting that bedh cur sy, and the previous siudy by
MleGuire and Ross [12], examined the associanion of visceral
with o mewure of wal sedemtary dme, Te is unchear whether
similar results would have been observed Tor specilic modalities of
sedernary behavionr (e sereemehised v nonesceen sedemary
behaviours). For example, prospective stofies m bath the U8 and
Australia have foaned  asociatons berween TV viewing and
iresed wadat circomlresoe [TH] Groen thin TV siewang s
been linked with increased energy intake [3,28,29] this modality of
stdeiary belavicir may be more closely associned with changs
in adipesty and metabolic sk than global measures of ol
stxlennary s [3-32]. For examgle, a soudy ol 5000 American
andules oo than Ghorse i watehed more tean 2 oo per doa of
televisson alse consumed higher amoums of energy-dense snack
Tooids anel sl drinks, as well as consuming mare calories during
siacks amd the evening meal [32) Further, o recent interaenion
study by Hands e all [35] reporis than exposure 10 Tood
advertiements resulted moroughhy & 30% dnercase i food ke
among acdull participanes. Other specilic forms of  sedemtary
behavicour siach as seared memal work have also been shown o
result in inereased foed antake, a5 compared o smply resimg in
the seated positicn [H]. Taken wgether, these fiidings suggest
that specilic medalivies of secleniary Behayvionr are likely o bmgact
lead indake  |and therelore alipesny) mo dilferens ways, and
highlight the impomance of assessing the impact of Eah global
stelentary behidour aned of these suecilic medalines [35].

With rhe rm‘cplinu ol waksa circumference, the [rresent sy
alse Faibeal 1o dletect o prospective association between sedentary
behaviour and several impoam markers of cardiometalalic rs5k
incdudding plasma lpick, HOMA-TR, and gluesse wberasee, Thes
limdings are consisient with some, bot pot all, previous prospective
atunidiess i this ares, For example, Ekelund and colleagues o no
association between baschine sedentary behanivor and HOMA-IR
at Leyear Tllweup in a group of 192 men aod women [36]. In
canitrast,  Helmedhors amd colleagues repormesd a0 sigmilicant
association  betwern baseline sedemtary behaviour and  fasting
insulin ar Sevear I'n'llum‘-up in a calst of 376 aduhs, inrl.r-[wmlrm
af plvsical activaty levels [37]. 00 noe, both of these studies used
ahjective measures of waal sedentary time ar baseline. Wijndael:
anwl colleagues have aba reported prospecive sssociations bevacen
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changes in elevision viewing and clissered cardiomerabalic risk i
women, but not men [H].

As with adiposity, @ is likely that the relationship berween
sechenrary bebuwionr aed mearkers ol cardsomenabolic vek may alse
vary depending on the modality of sedendary bebaviour. For
exame, wie have previousty reported thar ssated video-game use,
bigt ot by B of sedemary behaviour, are asociansd with
merased metabalic sk in overweight amd abes adalescents [345]
Given these and other findings, it is dilficult ©w come 10 global
comclisions regarding sedentary bebaviour amd the dn,-l.-n,-lul,:nm-m
al subsequent cardiomeabolic risk, However, oo the conssstem
associations between sedentary behaviour and the risk of moraliy
reported in cther siodies, public bealth messages promoting
rechsctioms m sedemtary Belivaour remain impostant 5],

The preseni study condains siremgths and weaknesses  thad
warrand  wention,  Limitaten:  inclode the  mensuremen ol
aedentary behavioar by selireport, and @ bk ol information
related o specific modalnties ol sedeneary bebaviour. "The observed
resuilis may have differed i an ohjective measure of sedentary
btz had been eraplosed, ar i sedentary belaioar had been
broken into specitic mocalftics such as sereen-time and non-screen
sedentary hehavicurs. The relatively  small sample siee and
hosmageneans sample of te cosrent sy alse limins our seisscal
power, and the gemeralzability of these fnedings, It should abso be
neaed that this was a retrospective analvsis, as the Cuckee Family
Sy was aviginally desigred 1o asses the genetic conribaitions o
abesity, Sirengths of this study inchide dis longiodinal design and
the use of computed wmography o asess visceral and subou-
necs abdaminal u.dipmiql. |.i!r|. This souchy alsn included abjective
mesares ol several importan markers of cardiomsetabale risk,
melwling lipids, insulin resisiance, and ghicose doberamce in bath
e ardd women stied inotheir namival envisonmens,

v surmmnary, car resulis suggest that seither bascine sedontary
Behaviour nor changes i sedentary behavicar are associabed with
langginudinal changes in visceral adiposity in adult men and
o, With the exceptivn of wart cireomderenos, sedentary
behaviour does not appear 1o be associated wih Jongitudinal
changes in any marker af cardiometabolic visk in chis popalation,
These fedings sogpest tha the development of cardicaneralsolic
risk may be due primarily o factors other than scl-reparted
sedentary behaviour,
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Clustering of children’s activity behaviour: the use

of self-report versus direct measures

Trands | Saurders’, Stephanie A Prince and Mark § Trembday

Abztract

While we concur with the objectives of the recent dtemarional doumal of Behavicural Nutrilion and Phesical Activity
paper published by Jago and colleagues tted “Fhysical activity and sedentary behavicur typologles of 10-11 year
olds”, we feel that the results as currently presented do not support their concdlusions. Though the authors oreated
groups of children with dramatically different patterns of self-reported physical activity and sedentary bebaviour, an
inspection of the chijectively messured accelerametry data shows littke difference between the groups. Further, in
ar ezt one instance the difference bepween groups was of The appasite dirsction when using abjective measuras,
as opposed o the salf-repont measures used In the published analysis. Thus, we caution the authars fram making

measured data instead.

conclusions based an their sel-report data, and propose that they re-analyze their data using their objectively

To the Editor,

We read with great interest your recently published
study by Jage and colleagues [1] titled “Physical activity
and sedentary Behaviour typologies of 10-11 year olds”.
The authors argue convincingly that interventions which
aim to promote increased physical activity and/for
reduced sedentary behaviour should focus on the speci-
fic needs and characteristics of their target populations.
Aa such, we concur that their objective to identify clus-
ters of children with similar patterns of physical activity
and sedentary behaviour would provide key information
for the design of targeted interventions. Unfortunately,
we believe that the data presented in the paper supgests
that the clusters created by the awthors do not represent
groups of children with distinct activity patterns, and
that the conclusions of the paper are therefore
unsupported.

In their paper. Jago et al. [1] assessed physical activity
and sedentary behaviour using both self-report question-
naires and accelerometry. However, when creating clus-
ters of children with similar behaviour, the authors
relied on only the self-reported data, While this resulted
in clusters of children with very distincl quantities of
self-reported physical activity and sedentariness, the

* ool e

Healthy Acthee Living 2and Obesity Research Group (HALDY, Children’s
Hospital of Easbern Onearks Besesch Instiboee, 201 Srynh Rosd, Crtesa, OM,
KIH 21 Canada

() BioMed Centra
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groups appear almost identical when compared wsing
the objectively measured data, For example, according
tor the seli-repart data, the "High Activity/Low Seden-
tary” group perforimed an average of 3.6 howrs more
weekday physical activity than children in the “Low
Activity/Medium Sedentary” group, However, when the
accelerometer-derived values of weekday moderate- to
vigoroas-inlensity activity are compared instead, the dif-
ference between the two groups 5 reduced to roughly
two minutes. Thus, in this situatien, the difference
between the two groups using self-report measures was
roughly 100 times greater than the measured difference
assessed using accelerometry.

A similar problem is observed when comparing the
groups for sedentary time. For example, the self-report
data suggests a dramatic difference in sereen time
|:EII::|II|:“TIE school-work) between the |IH'iEh A.q:li'l.-il:'!.-."
High Sedentary” group which accumulated 13.86 hours
per day and the "High Actbvity/Low Sedentary™ group
which reported just 5.77 hours per day. In contrast, the
ohjectively measured data suggests that the “High Activ-
ity/High Sedentary” group accumulated 4.7 hours of
weekday sedentary time outside of class time (roughly 9
hours less than suggested by their self-reported screen-
time), and only differed from the “High Activity/Low
Sedentary” group by 5 minutes, Similarly, the “High
Activity/ High Sedentary” group actually accumulated
less objectively-measured sedentary time than the “Low

& 3011 Spumaders o1 ak losrsss Bofded Cenal Lad This b an Dpen dooess anicle disvibored under the terme: of the Creative
Commans Aiibuson Liserse (hopaoeabacommon sog/icemes w20, which pemis unesiicied e, diirbuton, and
repmchiciion In any medium, prosiced the original wrk 13 property Cied
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Activity/Medium Sedentary” group on both weekdays
and on weekends. Further, it is questionable whether it
would even be possible for children to accumulate the
daily volume of screen time {13.86 hours) and physical
activity (589 houwrs) reported by children in the "High
Activity/High Sedentary” cluster. If true, this would
leave the children less than 5 hours per day Ffor both
school-work and sleep, suggesting that these values are
not just unlikely but impossible.

The large discrepancies between objective and self-
repart activity patterns observed in the present study
have alse been reported by others, For example, & recent
systematic review by Adamo and colleagues [2] reports
that, in comparisen to accelerometry, self-report mea-
aures averestimate physical activity by an average of
114% in boys and 584% in girls. Recent findings also
suggest that self-reported screen time is only weakly
correlated with ohjectively measured sedentary beha-
viour in adults [3]. It has also been noted that Gew of
the studies which purport b assess sedentary behaviowr
have actually measured it [4]. Given the discrepancies
between seli-report and direct measures of activity in
the literature, and the availability of directly measured
data in the present situation, we caution the authors
from making oonclusions based on their self-report clas-
sifications. Further, we would be interested to know
how the behavieur clusters created in the present study
might differ if they were based on the accelerometry
data, and whether this might also result in more pro-
nounced differences between the clusters In terms of
body mass index or the Index of Multiple Deprivation
SOOI

We welcome comments from the authors of the our-
rent study in order to provide further clacification of the
methods employed and conclusions made.

Respectfully,

Travis |. Saunders, Stephanie A, Prince and Mark 5,
Tremblay.
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Az a group, Canadian children and youth are heavier than at any time in the recent past. However, to date there has been no critical
examination of the factors which are likely to have contributed to these deleterious trends. A review of the evidence suggests that
there is robust evidence supporting the role of reduced sleep, increased sedentary time, increased consumption of sugar-sweetened
beverages, and secular increases in adult obesity as contributing factors to the current epidemic of childhood obesity. There is
moderate evidence that these trends are related to changes in either total energy intake or physical activity, while there is very little
evidence supporting the role of maternal age, breastfeeding, exposure to endocrine disrupters, or inadequate calcium intake. These
findings suggest that targeting sleep, sedentary time, and sugar-sweetened beverage intake in Canadian children and youth may

help to prevent future weight gain at the population level.

1. Intreduction

Available evidence suggests that Canada is in the midst of
an epidemic of childhood obesity [1—4]. Between 1981 and
2007-2009, the average body mass index (BMI) of 12-year-
old Canadians increased from 18.1 to 19.2 kg/m? in boys, and
from 18.4 to 19.5kg/m? in girls [4]. During this same time
period the prevalence of overweight/obesity among Canadi-
ans aged 15-19 increased dramatically from 14% to 319% in
boys, and from 14% to 25% in girls [4]. In fact, among Cana-
dians aged 15-19, fully 14% of boys and 10% of girls are now
considered obese [4]. Equally worrying, as BMI has increased
during the past 30 years, so too has the prevalence of abdomi-
nal obesity [1, 4]. Since 1981, the average waist circumference
(WC) among Canadian youths aged 12—-19 has increased by
more than 5 centimetres, such that approximately one-fifth
of Canadians in this age group now have a WC that places
them at some form of increased health risk [1].

These recent increases in both the BMI and WC of
Canadian youth are a tremendous public health concern,
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as pediatric obesity is associated with both metabolic
dysfunction in childhood [5-8], as well as an increased
risk of mortality well into adulthood [9, 10]. Thus, the
aobjective of the present paper is to give a comprehensive
examination of the possible causes of our current epidemic of
childhood obesity. This will be done through a discussion of
the strength of the evidence base and biological plausibility
for each putative factor, before finally comparing their
relative contributions to these deleterious trends. This review
will focus on Canadian data whenever possible. Before
examining the putative causes of the epidemic, however, it
is important to briefly review the factors affecting energy
balance and their role in body weight.

2. Energy Balance

As noted by Jéquier and Tappy, the first law of thermody-
namics—which states that energy can neither be created
nor destroyed—applies to humans [11]. With respect to
body weight, this means that changes in stored energy (e.g.,



(5]

adiposity) are equal to energy intake (EI) minus energy
expenditure (EE) [11]. Energy expenditure can be broken
down into three separate components [11]:

(1) basal metabolic rate (BMR),

(ii) diet-induced thermogenesis, and

{iii) energy used for exercise and physical activity (PA).
Energy intake, on the other hand, is simply the sum of
the energy consumed by an individual, minus approximately
5-109% that is excreted in urine and feces [11]. When
El exceeds EE. the result is an increase in energy stores,
and therefore weight gain, Thus, any putative cause of the
childhood obesity epidemic must influence either EI, EE, or
bath, With that in mind, let us now evaluate the role of both
conventional and unconventional factors in the etiology of
childhood obesity.

3. Reduced Physical Activity

Given its role in the energy balance equation it is quite
obwious that, all else being equal, a reduction in the number
of calories burned through PA will directly lower EE and
result in positive energy balance, Regular bouts of PA are also
known to result in substantial elevations in BMR in both lean
and obese individuals [12, 13], suggesting that reductions
in PA may further reduce EE by deleterious changes to
BME. Similarly, it has also been suggested that regular PA
results in more accurate coupling of EI and EE [13-17].
Taken together, these findings suggest that reductions in
PA may negatively impact both sides of the energy balance
equation by directly reducing EE and by inhibiting the proper
regulation of EI. Not surprisingly, available observational
evidence also suggests that PA plays a role in the prevention
of excess weight gain in children and youth.

Numerous cross-sectional studies report that overweight
and obese children are less active than their lean peers, while
the majority of longitudinal studies report small, inverse
associations between high levels of PA and the accumulation
of excess body weight [18-20]. For example, Berkey and
colleagues report that every hour of self-reported daily PA in
girls aged 9—14 is associated with a —0.0284 kg/m* smaller
increase in BMI over a one-year period (the relationship
was of borderline significance in boys) [21]. Similarly.
a recent systematic review by Connelly and colleagues reports
that compulsory PA is the single most defining factor of
controlled trials that successfully prevent the development of
childhood overweight or obesity [22]. It should be noted that
current findings are based mainly on self-reported levels of
PA, which are known to be substantially less accurate than
objective measures such as pedometry and accelerometry
[23, 24]. However, despite these methodological limitations,
the balance of evidence suggests that low levels of PA are
likely to predispose to future weight gain.

While the above evidence suggests that low levels of PA
are likely 1o result in increased risk of future weight gain, at
present it is unclear whether current levels of PA in Canadian
youth are lower than those of previous generations, which
would be necessary in order for PA to play a causal role
in the current obesity epidemic [25]. Self-reported leisure-
time PA among Canadian adolescents actually increased
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during the 1980’ and remained stable throughout the 19907
[26], suggesting that current PA levels may be higher than
they were before the obesity epidemic. However, this data
conflicts with other lines of evidence, which suggest that
total PA levels among Canadian children may be lower than
they were in the past. For example, it has been reported
that the proportion of trips to school that involves active
transportation decreased by roughly 20% between 1986 and
2006 among Canadian children in the Toronto region [27].
Similarly, children who live in Canadian Old Order Amish
and Mennonite communities, where lifestyles are similar
to those in contemporary Canadian society 60-100 years
ago [23], accumulate roughly 50% more steps per day than
their contemporary Canadian peers [28], as well as 30—
50% more moderate-to-vigorous PA [29]. In the absence
of more complete and objective data on the PA of past
generations of Canadian youth and given that less than 10%
of Canadian youth are currently meeting PA guidelines [30—
32], it appears relatively safe to conclude that total PA-related
EE of Canadian youth is at or near historic lows.

Thus, given the multiple biological mechanisms linking
reduced PA with increased adiposity, consistent but relatively
small longitudinal associations between PA and weight gain,
and evidence suggesting that Canadian children are likely
less active than in previous generations, there is currently
moderate evidence that insufficient PA plays a causal role in
the current epidemic of childhood obesity.

4. Increased Sedentary Behaviour

Secdentary behaviour is defined as “a distinct class of
behaviours (e.g., sitting, watching TV, driving) characterized
by little physical movemnent and low energy expenditure
{=1.5 METs)” [33]. At present, it is unclear whether the
prevalence of sedentary behaviours in Canada and other
industrialized nations has increased in recent decades, For
example, a review by Marshall and colleagues reports that
the screen time (time spent watching television, playing
videogames, or using computers) of children in modern
nations has not increased since the 1950's [34], In contrast,
Nelson and colleagues report that weekly computer usage
increased by roughly 4 hours/week between 1999 and 2004 in
American youth [35]. Similarly, a recent report suggests that
Canadian children average more than 6 hours of screen time
on weekdays, and that even preschoolers watch an average
of almost 2 hours of television per day [36]—amounts that
seem highly unlikely 40 years ago. Similar trends are seen in
sedentary modes of transportation such as driving, which
have also increased dramatically in recent decades [27].
Finally, accelerometry data from the nationally representative
Canadian Health Measures Survey suggests that Canadian
youth spend an average of 8.6 hours per day {more than 60%
of their waking hours) engaging in sedentary behaviour [30].
Taken together, these reports suggest that Canadian children
are likely more sedentary than previous generations.

In addition to reports of increasing levels of sedentary
behaviour in Canadian youth, there is also an accumulating
body of evidence which suggests that high levels of sedentary
behaviour may predispose to weight gain, especially in
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young children, while reductions in sedentary behaviour
may promote weight loss or weight maintenance [18, 37].
For example, Burke et al. [38] report that every hour of
television watching at age 6 was associated with a 50%
increased risk of overweight or obesity at age 8 in a sample
of Australian children, independent of other risk factors for
weight gain, Similarly, a randomized controlled trial which
reduced screen time resulted in significant reductions in
baoth weight gain and the accumulation of abdominal fat in
elementary school children [39]. However, few studies have
found relationships between sedentary behaviour and weight
gain in older children, suggesting that sedentary behaviour
may only be a risk factor for obesity in young children
[18, 37].

The potential mechanisms which are thought to link
sedentary behaviour and adiposity involve deleterious
changes to both EE and EL. Most obviously, sedentary
activities are defined by having low EE [33] and may
also displace PA, although there is currently little evidence
that such displacement takes place [18, 40—42]. With
respect to El, excess sedentary behaviour may also result in
“uncoupling” between EE and EI [14]. Further, it has been
suggested that television viewing may exert a particularly
negative impact on pediatric EL For example, Wiecha and
colleagues report that every one-hour increase in daily
television viewing among school children is associated with
an extra consumption of 167 calories [43]. In addition, it
has also been suggested that exposure to television food
advertisements increases children’s food intake at subsequent
meals [44, 45]. Thus, through its impact on both EE and EI,
it is very plausible that sedentary behaviour has a deleterious
impact on energy balance, and therefore body weight.

Given the strong and consistent relationship between
sedentary behaviours and weight gain in early childhood,
temporal trends which suggest that sedentary behaviours
have increased in recent decades, and numerous plausible
biological mechanisms, there is currently strong evidence
that increases in sedentary behaviour play an important role
in the epidemic of childhood obesity.

5. Increased Total Energy Intake

It is well established that intentional overfeeding results in
significant weight gain [46—48]. For example, Levine and col-
leagues report that overfeeding volunteers by 1000 keal/day
results in an average weight gain of 5 kg in just 8 weeks [47].
However, counterintuitively, recent reviews have noted that
total El has not been a consistent predictor of weight gain
in prospective studies of children [19, 49]. It is worth noting
however that this may be due to the limitations of self- or
parent-reported caloric intake, as both adults and children
are known to have great difficulty in accurately reporting
El [50-52]. For example, Huang and colleagues report
that fully 55% of children aged 3-19 who participated in
the Continuing Surveys of Food Intakes by Individuals study
reported physiologically implausible values for energy intake,
and that excluding these individuals resulted in dramatic
improvements in both the strength and the consistency of
the relationship between El and body weight [52].
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As with PA, there is currently little information regarding
historical trends in the El of Canadian children, and data
from the United States are equivocal as some [53-56], but
not all [57, 58], studies report increased EI during the past
half century. For example, self-reported energy intake from
the 1977-1978 Mationwide Food Consumption Survey and
the 1999-2004 National Health and Nutrition Examination
Survey suggest that the average daily EI of American children
aged 1-10 in 1999-2004 was 15% higher than in 1977-1978,
with similar increases observed in adolescents [54, 55]. In
contrast 1o these findings, however, Troiano and colleagues
report that between 1970 and 1994, EI in American youth
was relatively stable [57]. Thus, given the absence of Cana-
dian data and the ambiguity of available data from our
closest neighbour, there is currently insufficient evidence to
conclude that El has increased in Canadian youth during
recent decades.

‘While prospective studies and historical trends may
lend only weak support to the putative role played by EI
in the Canadian childhood obesity epidemic, it remains
extremely plausible biologically. As mentioned earlier, several
trials have shown that intentional overfeeding results in
dramatic weight gain in adults [46—48], and there is little
reason to expect this relationship to be different in children.
While it should be noted that there is evidence that over-
consumption results in compensatory increases in EE in
some individuals, [47], this would likely be insufficient to
prevent an increase in obesity rates at the population level.
Further, other consistent predictors of weight gain which
lend themselves to more accurate self-reporting than total
El (e.g., television watching and sugar-sweetened beverages,
which will be discussed below) are thought to exert their
influence through their impact on EL Thus, despite the weak
evidence presented from observational studies, the strong
biclogical plausibility and impressive results from studies of
chronic overfeeding suggest that there is currently moderate
evidence that increased EI has contributed to the childhood
obesity epidemic,

6. Increased Sugar-Sweetened Beverage Intake

While trends in total EI over the past 40 vears are unclear,
there is little ambiguity for trends in sugar-sweetened bever-
age (SSB) intake, which has increased dramatically in recent
decades [58-60]. For example, the average self-reported soft-
drink intake in American youth increased from roughly
150 mL/day in 1977 to more than 350 mL{day in 1998 [59],
and recent studies suggest that total 55B intake has continued
to increase into the 21st century [60]. Interestingly, while
this may be partially due to increased fast food consumption,
available evidence suggests that 55B intake has also increased
in the home environment in recent decades [56].

Several recent systematic reviews have also concluded
that there is consistent evidence that excess consumption of
55Bs is associated with an elevated risk of weight gain [19, 61,
62]. For example, among longitudinal studies, Vartanian and
colleagues report significant effect sizes of 0.24 and 0.09 for
the relationship of S5B consumption with total EI and body



weight, respectively [62]. Similarly, a 19-month prospective
study of 548 school children reports that every serving of
sugar-sweetened beverages at baseline was associated with
a 0.18kg/m® increase in BMI at followup [63]. Finally, it
has recently been estimated that removing sugar-sweetened
beverages from the diet of American children and youth
would reduce caloric intake by an average of 235 calories
per day [64], which has the potential to dramatically reduce
the risk of positive energy balance in this age group. Thus,
available evidence suggests that excessive consumption of
55Bs plays a strong role in the etiology of the childhood
obesity epidemic.

This relationship between 55B and prospective weight
gain can be explained by multiple biological mechanisms.
First and foremost, 558 intake is associated with increased
El, as described earlier [62]. This is likely due to the fact
that 55Bs are both energy dense and have little impact on
satiety, both of which could lead to increases in EI [61].
Further, many S5Bs are sweelened with high fructose corn
syrup (HFCS) and therefore contain a fructose fraction.
This fructose fraction may also contribute to weight gain
through increased lipogenesis, inhibition of satiety signals,
and reductions in EE, although it should be noted that the
relative importance of HFCS in the etiology of obesity is still
a matter of dispute [61, 65].

7. Increased Dietary Fat Intake

Mot surprisingly, as the consumption of carbohydrates has
increased during the past 30 years, the relative contribution
of fat to total El has decreased, although intake remains
above recommendations [57, 58]. For example, Cavadini
and colleagues report that between 1965 and 1996 fat intake
decreased from 39% to 32% of EI for Americans aged 11-
18 [58]. However, it should be noted that this same study
found that abisolute fat intake actually increased by 4% during
the 1990 [58], suggesting that the relative changes in fat
intake may have more to do with increased consumption of
carbohydrates than with reductions in fat consumption.

The evidence linking fat intake and obesity in prospective
studies is surprisingly equivocal and provides little support
for the role of fat intake in the development of obesity
[19]. For example, Davis and colleagues report that of 15
longitudinal studies of childhood weight gain reviewed by
the American Dietetic Association, just 4 supported the role
of dictary fat intake, while 4 others showed mixed results,
and 7 found no association [19]. However, as with total
El, fat intake remains an extremely plausible mechanism
biologically. Similar to 55Bs, dietary fat is both energy dense
and relatively nonsatiating per calorie ingested, lending itself
to passive overconsumplion [66]. Further, increased fat
consumption appears to have little impact on fat oxidation
or overall EE, suggesting that excess EI related to increased
fat intake is very likely to result in positive energy balance
and weight gain [67]. However, despite these plausible
mechanistic links, available evidence provides only weak
support of the role of dictary fat intake in the current
childhood obesity epidemic.
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8. Reduced Calcium Intake

Along with the changes in fat and S5B intake in recent
decades, there has also been a well-documented reduction
in the intake of dietary calcium [58, 68]. For example,
between 1965 and 1996, Cavadini et al. report that the milk
consumption of American youth decreased by 36%, while
total calcium intake dropped by roughly 13% [58]. Further,
it has been suggested that high calcium intake may influence
body weight through increases in fecal fat excretion, fat
oxidation, and thermogenesis [69, 70]. However, a recent
meta-analysis of childhood calcium supplementation studies
reports no significant association between supplementation
and any measure of weight or body compaosition [71], which
is supported by the findings of a similar review in adults [72].
Thus, while there is some evidence for plausible mechanisms
linking reduced calcium with increased adiposity, the lack
of evidence linking calcium intake with changes in actual
measures of body composition suggests that reductions in
calcium intake do not represent an important cause of the
Canadian childhood obesity epidemic.

9, Reduced Sleep

Available evidence suggests that short-sleep duration may
be another important risk factor for childhood overweight
and obesity. A recent systematic review and meta-analvsis by
Cappuccio and colleagues reports that children who sleep
less than 10 hours per night are at 89% greater risk than
their peers who sleep more than 10 hours/night [73]. Using
this same data, it has been estimated that 5 to 13% of all
childhood obesity could be due to short-sleep duration [74].
Although the vast majority of the research to date has been
cross-sectional [73], there is evidence of sleep as a predictor
of weight gain in prospective studies as well. For example,
Reilly and colleagues report that toddlers who slept less than
11 hours per night at age 2.5 years were 35-45% more likely
to be obese at age 7 than toddlers who averaged more than
12 hours of sleep [75], with similar findings reported by Bell
and Zimmerman [76).

Secular trends in sleep duration also support the putative
role of sleep duration in the childhood obesity epidemic.
Since the 1970%, the average sleep duration of children
has decreased significantly among industrialized nations.
Between 1974 and 1986, the average sleep time of 2-
year olds in the Zurich Longitudinal Studies decreased
by 45 minutes [77], while Dollman and colleagues report
a 30-minute decrease from 1985 to 2004 among South
Australian teenagers [78]. Similarly, the prevalence of sleep-
onset difficulties has also increased dramatically in recent
years [79].

Finally, a putative role for shortened sleep in the etiology
of the obesity epidemic is also supported by plausible
mechanisms which are thought to influence both EE and EI
|80, 81]. For example, it has been reported that sleep restric-
tion in adults results in significant increases in hormones
which promote El including cortisol and ghrelin, along with
decreases in anorectic hormones such as leptin and PYY
|80, 82-84]. Not surprisingly, short-sleep duration has also
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been shown to result in increased hunger and appetite,
bath of which were strongly associated with the changes
in ghrelin and leptin mentioned earlier [84]. Given that
leptin and ghrelin are thought to, respectively, promaote and
inhibit physical activity, it has been suggested that sleep
debt could potentially result in reductions in EE as well
[81, 85]. However, recent experimental evidence in young
men suggests that acute sleep restriction results in relatively
little change in EE [86]. Thus, at present it appears very
likely that sleep deprivation results in increased EI, while
there is little direct evidence that it results in reduced EE.
When these biological mechanisms are considered alongside
the consistent relationship between shortened sleep and
obesity in prospective studies, and secular trends in sleep
duration, there is currently strong evidence that shortened
sleep plays a role in the childhood obesity epidemic.

10. Prenatal Exposure to
Endocrine-Disrupting Chemicals

Endocrine-disrupting chemicals (EDCs) are any “com-
pound, either natural or synthetic, which alters the hor-
monal and homeostatic systems that enable the organism
to communicate with and respond to its environment™
[87], several of which (known as obesogens) may influence
body weight [88]. Limited evidence suggests that EDCs may
exert a negative influence on aspects of EE. For example,
it has been reported that mothers who have high levels
of polychlorinated biphenyls (PCBs) in their breast milk
also have low levels of plasma triiodothyronine, a thyroid
hormone which is known to stimulate basal metabolism
[89]. Similarly, interventions in adults which increase plasma
organochlorine concentrations result in significant decreases
in both triiodothyronine and resting metabolic rate [90]
and may also reduce skeletal muscle oxidative capacity [91].
However, despite this limited biological evidence linking
EDCs and EE, at present it is unclear whether prenatal
exposure to EDCs predisposes to future weight gain [92]. For
example, while some reports suggest that the concentration
of PCHs in cord blood is positively associated with BMI in
early childhood [92], other reports suggest no relationship
[93], or even a negative relationship [94] between prenatal
PCB exposure and prospective weight gain. Similar incon-
sistencies have also been observed for other EDCs such as
DDE [92]. Thus, while being an interesting area for future
research, at present there is very little evidence that EDCs
play a causal role in the childhood obesity epidemic.

11. Increased Maternal Age

The average age of first pregnancy has increased dramatically
in recent decades in both Canada [95-97| and around
the world [98-100], and several plausible mechanisms have
been suggested, which could link maternal age with increased
risk of childhood abesity. For example, older mothers are
known to give birth to smaller infants, which is itself a risk
factor for the development of obesity [96, 101]. Similarly,
older women are also likely to have both higher plasma
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congentrations of EDCs and higher BMIs, both of which
may also predispose their children to future weight gain,
as discussed elsewhere in this review [102-104]. Finally,
research in sheep suggests that older maternal age may
result in increased fat deposition [105], which may be
related to accelerated reductions of proteins responsible for
thermogenesis-related energy expenditure [25], although it
is not immediately clear how or if this relates to humans.

Although the mechanisms described above are all ar least
somewhat plausible, the relationship between maternal age
and childhood obesity in observational studies is inconsis-
tent, For example, while Patterson and colleagues report that
the odds of obesity in a cohort of American girls increased by
14% for every 5-year increase in maternal age [106], a more
recent study of 8234 British children found no relationship
between maternal age and risk of obesity at age 7 [75].
Given this conflicting evidence, there is currently only weak
evidence that maternal age plays a role in the childhood
obesity epidemic, and future prospective studies are needed
to clarify this relationship.

12. Reduced Breastfeeding

Duration of breastfeeding has been strongly and consis-
tently linked with reduced risk of childhood overweight
and obesity [107]. For example, Harder and colleagues
performed a meta-analysis which examined the association
between duration of breastfeeding and the risk of childhood
overwelght in 17 independent observational studies [107].
In comparison to children who were breastfed for less than
1 month, they report that children who were breastfed for
1-3 months had 19% reduced risk of overweight. The risk
of being overweight continued to decrease as the duration
of breastfeeding increased—risk was reduced by 24% among
those breastfed for 4—6 months, 33% among those breastfed
for 7-9 months, and by 50% for those breastfed for more
than 9 months. On average, each additional month of
breastfeeding reduced the risk of being overweight by 4%,

Despite consistent reports of the relationship between
breast feeding and reduced risk of overweight and obesity,
the mechanisms underpinning this relationship  remain
unclear. It has been suggested that it may be due to alterations
in the neurcendocrine control of appetite, although this has
yet to be verified in human participants [107]. Thus, it is
not possible at present to determine the precise mechanisms
linking the duration of breastfeeding to body weight in
childhood.

While breastfeeding appears to have a strong relationship
with the risk of excess weight gain in childhood, trends in
the prevalence of breastfeeding suggest that it is not a major
contributor to secular increases in childhood obesity rates
during the 20th century. Since the 1970, the prevalence
of breastfeeding has remained constant or increased among
most western nations for which data is available [ 108, 1049].
For example, in the early 1970% roughly 20% of American
women exclusively breastfed while in the hospital, burt this
increased to 45% by the year 2000 [109]. Given that obesity
rates continued to increase steadily throughout this period



despite increases in the prevalence of breastfeeding, there is
currently weak evidence that breastfeeding plays a primary
role in the childhood obesity epidemic.

13. Increased Adult Obesity Rates

Available evidence suggests that both parental obesity and
gestational weight gain are risk factors for childhood obesity
[75, 110, 111]. For example, Reilly and colleagues examined
the relationship between parental and childhood obesity in
a prospective study of nearly 9,000 British children [73].
In comparison to children born to two nonobese parents,
they report that children were 2.5 times more likely to be
obese when they had an obese father, and 4.3 more likely
to be obese if they had an obese mother. Further, children
barn to two obese parents were more than 10 times more
likely to develop obesity by age 7 than those born to two
non-obese parents [75]. It has been reported that gestational
weight gain is also a predictor of childhood obesity, and that
this impact is stronger in women who were obese prior to
becoming pregnant [111]. Finally, recent reports suggest that
surgical weight loss prior to pregnancy dramatically reduces
the risk of childheod obesity in babies born to obese women
[112]. These relationships suggest that any putative cause of
the increasing prevalence of adult obesity [113] including
those that are unlikely to play a direct role in the epidemic
of childhood obesity (e.g., iatrogenic weight gain [25]) may
nonetheless play important indirect roles.

The relationship between parental and childhood obesity
is likely to be linked via numerous mechanisms, For example,
genetic factors are reported to account for roughly 25% of
the variance in fat mass [114], which is likely to mediate some
of the relationship in body composition between parent and
child. Further, learned behavioural characteristics such as
food choices, PA, and sedentary behaviours are also likely
to mediate the transmission of intergenerational obesity [75,
115]. Finally, studies of animal models suggest that obesity or
excessive weight gain during pregnancy is likely to predispose
childhood obesity through deleterious changes in the central
regulation of energy balance [116]. For example, lambs born
to overfed ewes are less sensitive to signals of excess nutrient
supply or fat mass than lambs born to control animals [116].
Taken together, the strong association between parental and
childhood obesity and the numerous plausible mechanisms
underlying these associations suggest that ene of the most
important drivers of the childhood obesity epidemic may in
fact be adult obesity.

14. Relative Contributions to
Childhood Obesity

As has been noted by others, there is currently insufficient
information to make a truly objective ranking of the putative
causes of an issue as complex as the current obesity epidemic
[25]. However, the evidence presented above does allow
some general conclusions to be made. This review has
identified 4 factors—reduced sleep, increased sedentary time,
increased consumption of sugar-sweetened beverages, and
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secular increases in adult obesity—which are likely to have
made an important contribution to Canada’s childhood
obesity epidemic. Each of these factors has shown strong
and consistent associations with childhood weight gain,
has increased in prevalence during the obesity epidemic,
and results in either biological or behavioural changes that
are likely to promote positive energy balance. OFf these,
adult obesity appears to have the most powerful impact on
childhood obesity levels, while reducing the consumption of
sugar-sweetened beverages may be among the simplest ways
to prevent future weight gain in individuals of all ages.

Available evidence provides only moderate support for
the role of either total ET or PA in the etiology of childhood
obesity. This is likely due to methodological limitations of
self-reported intake and expenditure, as both of these factors
are biologically plausible and have been shown to have
impressive effects on adiposity in experimental studies. It is
paossible that methodological limitations may also explain the
inconsistent relationships seen between obesity and dietary
fat intake. Future studies employing more objective methods
of measurement are important to determine the true role
of these factors in the etiology of the childhood obesity
epidemic.

Finally, although each has been linked in some way with
childhood obesity, there is currently weak evidence sup-
porting the role of maternal age, breastfeeding, exposure to
endocrine disrupters, or calcium insufficiency in the etiology
of the childhood obesity epidemic, Of these, maternal age,
breastfeeding, and endocrine disruptors appear worthy of
future study, while there is sufficient evidence to conclude
that calcium intake plays little role in pediatric obesity rates
at the population level.

15. Summary

Although influenced by numerous factors, available evidence
suggests that the Canadian childhood obesity epidemic
is most closely related to deleterious changes in sugar-
sweetened beverage intake, sedentary behaviour, reduced
sleep, and adult obesity, Interventions aimed al modifving
these factors may help to prevent further increases in obesity
rates among the Canadian pediatric population.
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Abstract

Accumulating evidence suggests that, iIndependent of physical activity levels, sedentary behaviours are assocated
with increased risk of cardio-metabolic dissate, all-cause mortality, and a vaniety of physiclogical and peychological
problkerns, Therefore, the purpose of this systernatic review is to determine the relatonship bebween sedentary
behaviour and health indicatons in schocl-aged children and youth aged 5-17 years, Online databases (MEDLINE,
EMEBASE and PaycINFO, personal libraries and government doosmenis were searched for relevant studies examining
time spent engaging in sedentary behavicurs and six specific health indicators (body compasition, fitness, metabalic
syndrome and cardiowvasoular diseass, self-esteamn, pro-social behavicur and academic achieverment). 232 studies
incheding 983,840 participants rmet inclusicn onteria and were incloded in the review. Television (TW) watching was
the mast comman misasure of sedentany Bebadour and Body composition was The mst comiman Quioom:
measure, Gualitative analysis of all studies revealed a dase-respanse relation betwveen increased sedentary behawviour
and unfaweurable health cutcormnes. Watching TW for mare than 2 hours per day was assodated with unfavourabla
bodty composition, decreased Fitness, lowered scores tor self-asteem and pro-social behavicor and decreased
academic achisvement. Meta-anabsis was completed for randamized controlled studies that aimed o reduce
sedentary time and reported -:hange in bodhy mass index (BMI) a5 thedr prirmary outcome, In this regad, & meta-
analysis revealed an overall significant effect of 0BT (95% O of -1.44 10 -017, p = 001} indicating an overall decrease
In rmean BMI assodated with the intersentions. There is a large body of evidence from all shedy designs wehich
suggests that decreasing any type of sedantary tire is asscoiated with loveer health risk inoyouth aged 5-17 years. In
particular, the evidence suggests that daily TV viewing in eecess of 2 bours is associated with reduced phwsical and
prychasoial heatth, and that lowering sedentany time |eads 1o reductions in B

Weywrords: Inactivity, sitting, TV, body composition, fitness, metabalic syndrome, cardiovascular disease, self-esteam,

pro-social behavicur, academic achievement

Introduction

Engaging in regular physical activity is widely accepted
as an effective preventative measure for a variety of
health risk factors across all age, Erndrr, ethnic and
socioeconomic subgroups [1-6]. However, across all age
groups, levels of physical activity remain low [7-12] and
obesity rates continue to rise [10,11,13,14]; collectively
threatening the persistent increase in life expectancy
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enjoved over the past century and efforts to counteract
the inactivity and obesity crisis [15],

This inactivity crisis is especially important in the pedia-
bric |:|n|:|u|atiur| as recent data from the Canadian Health
Mleasures Survey [B] suggest that only 7% of children and
youth aged 6-19 years participate in at least 60 minutes of
moderate- to vigorous-intensity physical activity per day,
thus mecting the current physical activity guidelines from
Canada [18], the LLS, [6], the LUK [17]. Australia [18] and
the World Health Organization (WHOY) 5], However,
even for those children and vouth whe meet current
guidelines, there remains 23 hours per day for schosol,
sleep, work, and discretionary time. Several sources report
that children and youth spend the majority of their

2001 Tremickey =1 ab boereee BioMed Tentral Lid This is an Open Access ankde dinibubed urder the tems of the Creative
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diseretlonary thme engaging in sedentary pursuits [eg.
watching television (TV) or playing video garmes)
[&,19-28]. Canadian children and youth are spending an
average of B.6 hours per day, or 62% of their waking hours
being sedentary [B]. Similar trends are being reported in
the LS. where children and youth spend an average of -8
hours per day being sedentary [22-28]. Accumulating evi-
dence shows that, independent of physical activity levels,
seddentary behaviours are associated with increased risk of
cardio-metabolic disesxse, all-cawse mortality, and a variety
of physiological and psychological problems [29-31].
Therefore, to maximize health benefits, approaches to
resolve the inactivity crisis should attempt to both increase
deliberate physical activity and decrease sedentary beha-
viears, especially in the pediateic population. However, to
date, public health efforts have fooused primarily on physi-
cal activity and have paid little attention to the mounting
evidence te support sedentary behaviour as a distinet
behaviour celated to poor health,

A recent scoplng review ldentified review articles,
meta-analyses, and grey literature that examined the rela-
tionship between sedentary behaviour and health [32].
The large majority of this information reported on the
relationship between screen time and body composition
and did mot include other indicators of health [23-25].
Furthermaorne, none of these reviews followed the rigorous
process of & systematic review and are therefore not able
ton b e tor inform the dw:lupmmt of clinical practice
guidelines. As a result. 1o our knowledge, there are no
svstermatie, evidence-based sedentary behaviour guide-
lines for any age group, anywhere in the world, Guide-
lines that do exist are largely based on expert opinion or
narrative literature reviews [33,34].

Therefore, the purpose of this systematic review was Lo
gather, catalog, assess and evalwate the available evidence
examining sedentary behaviours in relation to selected
health outcomes in children and youth 5-17 years of age
and present a summary of the best available evidence.
Specifically, the review presents available evidence for
minimal and optimal thresholds for daily sedentary time
in children and youth, and when possible, how thresholds
differ across health outcome or demographic status die,
age, ﬁ:rlﬂur]. The information Fll‘len.-d in this review can
serve o gubde future reseanch and infiorm the development
of evidence-based clinical practice guideline recommenda-
tions for safe and healthy amounts of daily sedentary beha-
viowur in the pcdi.atric 'p-l,rp-ul:lliun.

Methods

Study Inclusion Criterla

The review sought to identify all studies that examined the
relationship between sedentary behaviour and a specific
health outcome in children and vouth (aged 5-17 years).
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All study designe were eligible (e.g. cross sectional, retro-
spective, prospective, case control, randomized controlled
trial (RCT), longitudinall, Longitudinal studies were
included if the data presented in the article was consistent
with the age limits that were set (Le. if the study looked o
participants at age 10 and then agakn at age 30, only base-
line measurements from age 10 were used).

Studies were included only if there was a specific mea-
sure of sedentary behaviour. Eligible exposures of seden-
tary behaviours included those obrained via direct {eg.,
measurements of sitting, or low activity measured by
accelerometer) and self-reported {e.g., questionnaires
asking about TV watching, video gaming, non-school
compuber use, and soreen time - cump-cmcit: maeasures of
TV, video games, computers) methods. Sedentary beha-
viour was aften measured as a composite measure of all
time engaging in sedentary behaviours including screen
time outside of school hours. Six health indicators were
chosen based on the literature, expert inpul, and a desire
o have relevant measures from a range of holistic health
indicators {Le. not only physical health, but alse emo-
tiomal, mental and intellectusl health). The six eligible
indicators in this review were

1. Boudy composition (overwelght/obesity measured
by bady mass index {BMIL waist circumference, skin
folds, bic-impedance analysis (BIA), dual-energy x-
ay alxmtpti.vmetry (XA or DEXAN;

1. Fitness (physical fitness, physical conditioning.
muscuboskeletal fitness, cardlovascular Atness);

3. Metabolic syndrome (M35) and cardiovasoular dis-
case OV risk factors {unfavourable lipid levels,
blowd pressure, markers for insulin resistance or
type 2 diabetes);

4, Self-esteemy (self-concept, self-esteem, self
efficacylk:

5, Behavioural conduct/pro-social behaviour (child
behaviour dissrders, child development disorder, pro-
saclal behaviouwr, behavioural eonduct, aggression];

6. Academic achievement {school performance,

grade-point average).

Mo Language or date limits were imposed in the
search. The following definitions were wsed to help
guide the systernatic review [31):

= Sedentary: A distinct class of behaviours (e.g. sitting,
watching TV, playing video games) characterized by
litele physical movement and low energy expenditure
[= 1.5 METs),

- Sedentarism: Engagement in sedentary behaviours
characterized by minimal movement, low energy
expenditure, and rest
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- Phystcally active: Meeting established physical
activity guidelines (e.g. see Tremblay et al. 2011 for
Canadian Physical Activity Guidelines [16]).

- Plrysical inactivity: The absence of physical activity,
usually reflected as the proportion of time not
engaged In physical activity of a pre-determined
intensity and therefore not meeting established phy-
sical activity guidelines.

Study Exclusion Criteria

As the volume of literature on sedentary behaviour was
anticipated to be very high, to control the feasibility of
this project, the following sample size limits were sct @
priort: population based studies (observational, cross sec-
tional, cohort, and retrospective studies) were required to
have a minimum sample size of 300 participants; RCTs,
and intervention studies were required to have at least
30 participants. Studies of “active gaming’ (e.g., Nintendo
Wit™, Microsoft Kinect™, Sony’s Playstation Move™,
video arcades, etc.) were excluded. Finally, studies that
defined sedentary behaviour as ‘failing to meet physical
activity guidelines' were excluded from the review.

Search strategy

The following electronic bibliographic databases were
searched using a comprehensive search strategy to iden-
tify relevant studies: Ovid MEDLINE(R) (1950 to Febru-
ary Week 2 2010), Ovid EMBASE (1980 to 2010 Week
07), and Ovid psycINFO (1806 to February Week 3
2010). The search strategy was created by a single
researcher (IM) and run by a second researcher (AL).
The search strategies can be found in Additional file 1.
The search was limited to studies looking at ‘school-aged'
children and youth (mean age of 5-17 years). Articles
were extracted as text files from the OVID interface and
imported in to Reference Manager Software (Thompson
Reuters, San Francisco, CA). Duplicate articles were first
removed using Reference Manager Software, and any
remalining duplicates were removed manually. All articles
were given a unique reference identification number in
the database,

Titles and abstracts of potentially relevant articles
were screened by two reviewers (AL and one of GG,
MT, RC, RL or TS) and full text coples were obtained
for all articles meeting initial screening by at least one
reviewer. Two independent reviewers examined all full
text articles (AL and one of GG, MT, RC, RL or TS)
and any discrepancies were resolved by discussion and
consensus between the two reviewers. If the reviewers
were unable to reach consensus, a third reviewer was
asked to look at the article in question, Consensus was
obtained for all included articles.
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Twelve key content experts were contacted and asked
to identify the most influential papers from their perso-
nal libraries examining sedentary behaviour and health
in the pediatric age group. Government documents
from the US [6], the UK. [17], and Australia [18] were
used for reference and to help guide the review process.

Data extraction

Standardized data extraction tables were created; data
extraction was completed by one reviewer (AL) and
checked by another {one of GG, RC, RL, or TS) for
accuracy. Information was extracted regarding study
characteristics {i.e, year, study design, country, number
of participants, age), type of sedentary behaviour, mea-
sure of sedentary behaviour (Le. direct, or Indirect), and
health outcome. Reviewers were not blinded to the
authors or journals when extracting data.

Risk of bias assessment

The Downs and Black checklist was used to asses study
quality [35). This 27 point checklist assesses the guality
of reperting (e.g. “Are the main findings of the study
clearly described"); external validity (e.g. “Were the sub-
jects asked to participate representative of the entire
population from which they were recrulted"); (nternal
validity (e.g. “Were subjects randomized to intervention
groups”); and power {e.g, “Was there sufficient power
such that the difference being due to chance is less than
5%"). The maximum score a study can receive is 32, with
higher scores indicating better quality. Inter-rater relia-
bility was calculated using Cohen's kappa.

Quality of evidence was determined by the study
design and by Downs and Black score. Level of evidence
was used to explain the quality of available studies and
the confidence of the findings [36]. RCTs were consid-
ered to have the highest level of evidence while anecdo-
tal reports were considered to have the lowest evidence.
See Table 1 for more details. When possible, studies
were examined for differences among age and gender
subgroups,

Analysis

A meta-analysis was performed with the data that were
sufficiently homogeneous in terms of statistical, clinical,
and methodological characteristics using Review Man-
ager Software 5.0 (The Cochrane Collaboration, Copen-
hagen Denmark). Pooled estimates for the meta-analysis
and their 95% confidence intervals were obtained using
the random effects ests of DerSimonian-Laird [37].
Studies were welghted by the inverse of their variance.
Cochrane's Q was used to test for heterogeneity among
studies and the I* (squared) index [10] was used to deter-
mine the degree of heterogeneity [38]. Funnel plots were
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Table 1 Criteria for assigning level of evidence to a recommendation

Lewel of evidence

Criteria

- Dhrsspgptionsl studies noreandomized dinical 1isls or cohorl Sludies with ovemhelning syiderce

Lavel 1 - Randomized comtrol trids withown impaortant limiations

Leve] 2 - Rerdomined cortral trigs with importaen lmitatians

Lawal 3 - Drhir observational snalies (peospactive cohom sudies, casa-control Sstuckes, Case serias]
Lawel 4 Inadequais of no data in pepuation of interest

- Anscootal evidence o chrical esperience

Aciapried from: L DC et al. 2007 |3

uwsed to assess publication bias (data not shown), Chuealita-
tive syntheses were conducted for remaining studies,

Results

Description of studies

Adter de-duplication, the preliminary search of electronic
databases, reference lists, and grey literature identified
5,291 potentially relevant articles {Figure 1) OF these,
3,299 were ldentified in MEDLINE, 1,016 in EMBASE,
912 in psycINFO, and &4 through key informants, gov-
ernment documents, and bibliographies, After a preli-
minary review of titles and abstracts, 828 articles were
included for detailed assessment of the full text article.
Of these, 232 met the criterla for study Inclusion (8
RCTs, 10 intervention studies, 37 longitudinal studies
and 177 cross sectional studies). Individual study charac-
teristics can be seen in Table 2. Reasons for excluding
studies included: ineligible population (e.g. ineligible age
or sample size] {n = 161), (neligible exposure (eg. diet,
physical activity) {n = 145), ineligible measure of seden-
tary behaviour (i.e. not mecting physical activity guide-
linesh (n = 14, im-.|i3i'|:~|e outcome (n o= G, inr|i$ih|e
analysis (e.g. analysis focused on content of screen time
versus duration of screen time, analysis focused on active
video gaming) (n = 60}, and ‘other” (n = 216} (eg. com-
mentary article or methodological paper). Some studies
were excluded for multipls reasons, Some articles (n = 9)
could not be retrieved due to missing or incorrect refer-
ence information,

Takle 2 provides a summary of all studies included in
the review, The majority of the studies included in this
systematic review were cross sectional (no= 177) In total,
data from 983,840 participants were included in this
review, Studies ranged from 30 participants in interven-
tion studies and RCTs, to 62,876 participants in cross
sectional ohservational investigations. Articles were pub-
lished over a 51 year period from 1958 to 2009, and
included participants ranglng from 2-19 years of age.
Although the scope of the review focused on those 5-17
vears of age, studics that had a range below 5 vears or
aver 17 years were not excluded as |nng as the mean age
wis between 5-17 years, Included studies involved parti-
clpants from 39 countries; there were a greater number
of articles reporting on female-enly data than those
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reporting on male-only data, Translators were contracted
to read non-English articles and complete any necessary
data extraction for studies that met inclusion criteria
(n =8

O the 232 studies, 170 studies reported data on body
compasition, 15 on fitness, 11 on MS and OV, 14 on
self-esberm, 18 on prcr-sm::ia| behaviour, and 35 on aca-
demic achievement. The majority of studies (n = 223)
used indirect measures to assess sedentary behaviour (le
parent-, teacher-, or self-report questionnaires). There
were 14 studies [24,27,28,39-49] that directly measured
sedentary behaviour with accelerometers and one that
directly measured television viewing through a monitor-
ing device [50]. The direction of the association between
increased sedentary behaviour and health outcomes were
similar between direct and indirect measures. Meta-ana-
lysis was conducted for ROTs examining change in body
rrniass indes

Risk of blas assessment

Risk of bias assessment was completed for all included
studies ( Additional file . The mean Downs and Black
soore was 2.7 (range = 16-26). The studies were then
split Into groups and labeled as ‘high quality” (score 23-
26, m = 36k ‘moderate quality’ [score 19-22, n = 169), and
lower quality’ (score 16-18, n = 27} Quality of study did
not affect the outcome of the study; in other words, both
lonwer gquality and high quality studies showed a positive
relationship between increased time spent sedentary and
health risk. Inter-reviewer assessment using the Downs
and Black tool was very high (kappa = 0,98

Data Synthesis

Body composition

Of the 232 studies included in this review, 170 examined
hody composition, with the majority of these fecusing on
the relationship betwesn :lv-eerwei.nht and obesity and
thme spent watching TV (Table 3). Body composition was
measured ina varety of ways incloding body mass index
(BMI), sum of skin folds, percent bady fat and various
mmpmite Measures l:g.g. BMI + sum of skin fﬂlds}. (%13
the 8 RCTs, 7 showed that decreases in sedentary time
lead to reductions in body welght {(see meta-analysis
below for details). Intervention studies reported desirable
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Records identified through
database searching

Additional records identified
through other sources

Studies included in
review
(n=232)

=
]
§ {n =6718) (n=64)
=
=
a
=
L A L
Records after duplicates removed
e (n=5291)
=
a
o ¥
Records screened N Records excluded
— (n=5291) o (n = 4463)
£
a ¥
£ Full-text articles Full-text articles
assessed for eligibility ®  excluded, with reasons
— (n=2828) {n =596)
} v
o
=
el
=

Figure 1 Flaw of infarmation through the different phases of the review

changes in body weight, BMI, and weight status among
children and youth who successfully decreased their
sedentary time [51-60]. Three intervention studies
[61-63] reported that although sedentary behaviour
decreased, there was mo change In welght status (mea-
sured through BMI and skinfold thickness);, however,
these studies had relatively short follow-up periods
{~1 vear] and no control group |4:.ad.i.nt|, the authors
hypothesized that a longer follow up perlod was needed
to detect a significant change in bedy composition.
While nine-teen longitudinal studies reported that chil-
dren whe watched greater amounts of TV at baseline saw

201

steeper increases in BMI, body weight and fat mass over
time [64-82], nine longitwdinal studies reported no signif-
icant relationship between time spent sedentary and
welght status or Bt mass [61-63,83-89]. OF the 119 cross
sectional studies, 94 reported that increased sedentary
time was asseciated with one or more of increased fat
mass, increased BMI, increased weight status and
increased risk for |:||:-ir|5 |:|\-1erwei.5]\l [28,90-182]. Risk for
obesity Increased in a dose response manner with
increased time spent engaging in sedentary behaviours
[92,106,1 10,128, 156,178], Twenty-five cross sectional
studies reported no significant relationship between
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n analyzed
First Author Wear Country Grade Age Mean age  Total Boys  Girls  Units of Escpos ure Ourtcome
Range sudentary
bekhaniour
FANDORIZED CONTROLLED
THLALS
Epstein LH [25] 19655 LS B12 0 a1 hour week TV B
Epstein LH (53 A8 U 47 & £l n EH] hour  day L BC
Goldfield G5 [264] A6 Canac 812 104 n 13 17 min - day ™ B
Giorraker 5[5 1945 LA nr 195 668 627 hour da ™ B
Hughes AR [267] 19 Soatlared 511 a8 134 5% 4 hour  day L] B
Robirecn TH [38] 155 L 152 haur week T, GAMES B
Feobireon TH [221] ok Y B-10 ak &1 [¢] E1 hour week TV BL, SE
Shehon O [263] 207 Aeiedia 310 £ 43 2 23 hour  day ™ B
INTERVENTION STUDES
Epstein LH |55 o0 LE 812 05 ™ 00M 52 hour month 5B 5T B, FIT
Epatein LH |25 X LS B-12 a8 &0 x| ] timas wesk T B
Epatein LH &0 A5 LR B-16 LT} ] 3 hour  day TV BC
Gantile D4 [61] a0 s a8 1323 85 674 hour day T BC
Golifield G5 [52] a7 Canada 812 4 m k] 17 hour  day E BC, SE
Harmisen M [63] 003 Iealand 0nF 2 177 135 min  day I, 51 B
Ochoa wC [43] 07 Spain 18 s LR ] 1&n 174 hour wesk T BC
Salman | [51) 208 Aeteslis 1t W0E Wlo1sz 15 hour day ™ BC
Simon O [54] A2 Framoe nr 954 468 4BG hour day T, COMP BC, 5E
Tarasasoy M [35] 200 Puerto Aice 10 Az 53 1) Ell hour  day ™ BC
LOHGITURANAL STUCIES Faur
Alees L [B3] 20 Partuga 1n-19 M5 a7 19 hour day SCREEN BL FIT
Berkey C5 [74] a0 LS 115 VIBE7 5120 677 hour  day T, GAMES  BC
Brangava A [77] oA LS 7635 min  cday ™ BC
Elzir M [E8] 207 England 55 27 M hour da BTV B
Borradalle KE [85] o0E LK e a2 sm 51 hour  week I HE
Buries ¥ [71] e Ausialla A0S 1568 &30 BE2 hour wesk  SCREEM BC
Chen JL [78] 7 Chingss ks A M7 180 hour day T, GAMES  BC
Danrer PA [66] 08 U 733 3674 35D hour day ™ B
Dasgupes K [215] s Canacly :;;”51." a2 D 343 hour week B L
Dury RS [BE] A4 L B-14 Be 27 I min day L BC
Cietz WH [181] b L) 1217 2153 hour  day L BC
Elga I [29] 05 Wiales nr 54 293 351 howr oweek TV B
Elgar FJ[79] 205 Wiplas 153 281 21 hpur owesk TV BL
Enrameser B [237] T CGrman [ 33 min  day T CE, AR
Fulter JE [84] A0 UL 1018 4T M5 12T min day ™ BC
Gatsbs 5 [30] 7L E000 hour  day ™ BC
Hancoe R JEE) A0 Mew Zealard 515 w3 hour  day ™ B, MG
Hancoe Bl 7] 06 Mew Zealand 515 372 33 hour day SCREEM BC
Henderson VR |a7) mooF s 11-19 M o i hour  day T, SCREEN B
Hesketh K (& 1557 Aumtralis 510 Th 178 630 6 hour day SCREEW BC
Hiskath K B 1957 Austrdis B-13 0y 1178 630 B4R hour day SCREEM BC
Hiaskath K &4 a0 Auensis 5-10 T 3 892 8T hour day T, GAMES B
Hizskath K [&4] 03 Auenalia B-13 1568 Bla 75} hour day ™, GAMES  BC
lackson Liv [223] e 12 00 25 M5 hour day (0N, ©
SCREEP
laga R [B2] ok R Y 56 a5 138 €5 7% min  n B, TV BC
lanz KF [73] a5 s SA8E i 1d 0 22 hour day SCREEN BC
Johrron )G [41] anF s hour  day ™ A

202
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Table 2 Summary of characteristics of included studies (Continued)
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Kaur H [75] 2003
Lajuren HA [128] 07
Lgnner W (23] 1585
Muaffes (4] 19454
sty & [228] 7
anchiel b 45 208
Mier & [57] ey
CrHtien M |57 07
Parsors T1 [F4] 05
Pursdow LR [63] 208
Tirnpedia & [5] 2008
Treuth MG [79 207
Treuth M5 [27] 009
Wasje b5 [2FE] e i
CROSS SECTIONAL STUDVES

&1 5H [192] 2004
Alaraani § [107] 20a
Abans 10 [191] a0
Amran J [21E 2004
Anderien LF [155] 205
Ancersen AE [143 1548
Anckerson SE [103] o
Amrarong Ca [213] 1544
Asaree P8 [183] ]
Aucate HM [163] 2004
Barbow 5E [151] i 1
Easakdua N 109 EEE]
Belliske F [173] frov o)
Berrlozy 15 [901] 2000
Basyrdiie & [105] 2008
B JE [164] 2007
Eoong-Hainonen | [104] 2008
Boanpele KN [130] e il
Brodersen R [235] 205
Bukara-Fadujesic & 2004
[

Eiite MF (119 nn?
Caldas 45 [345] 1541
Carvalbal MM [131] 207
Cheput J [154] ki
Chen KT [78] o7
Choashan | [232] e vy
Christoforidis A [95] i k]
Caling AE [149] 2008
Cabaall J [2050 2003
Cooper H [247] 19489
Crespe O [177] |
Dia TR [157] o e
Casgupta K [215] 207
Dehva | [129] 2a07
itz WH 151] 1585
Dtz WH [121] 1585
Dicllman | [211] 2

s 12-17
Finlarad 1519
i w10
Ealy

L&

LIg, 1-12
L5 19-17
e 212
EnglandScotand Aales
England B
ALeaia 1912
5

s

L= BP0
Famatianal 12-18
Jman 15-15
Hracil 10
Sweden 11-18
ez B-14
U5 B-14
15 412
L&

1) 313
HAusiralis ]

L 617
Mexico 512
France 11
U=

L 4573
1)

L 11-21
L 1518
Emgland

Baunia -1z
15 517
L 4-19
Partugal 11

Canads 510
Tawwan 13-18
Canada 12-1%
Grees 4-18
Indanesa 12-15
Japan 12-13
s =1

L B-14
Bramil 10
Canady 1317
1)

L 1217
L g-11
Fumiralis ] 1011

4.7
ar

s

11918

19
139

k]
as
10
120
a9
Zap-14
159

1nE
13

1500

141

203

213
S84
57
=

53045
551
1004
jlen ]
55

1

1204

24542

412

112465
&7

k-]

14

21580

176
152

8503
245
407
{3
T2
1365
1573
ama
182
158

78
500
4620
J5R5
487

1578
578

441

1755
m

135
&5
159
125
e
3

5274

43

1074

156

EEEE

2212
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E14%
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42T

Had
1742
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P
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Chriiais 54 [155] 08 Us 1012 13850 B ™ L)
Dominick R [225] o8 s 101 1498 Bl e hewr Dy T, GAME 5E, PRO
Ebermann I [173) a0 s 1418 13143 hour  clay T BC
Ekerimann 1 [113) Moy U (% 13464 G080 B34 hour day T+ BC
Ebhund LI [134] 206 Furape G146 9 S 100 hour  day ™ BC, W&
Fetler M [249) 58 LS & 10603 hour ey SCREEM Al
Forshea RA [201] 04 L5 12-16 14 Il I0FS 114 mgur day ™ BC
Fershen B [138] o s 518 1459 T34 e hour ek SCREEH [
Caddy GO 247 158 LS o hour  day ™ A
Giammattei | [140] a3 s 1-14 126 M5 OIB6 199 hour day L BC
Gibsom 5 [156] 204 Ergland 718 12%4 €55 6 min  day ™ B
Gormez LF (1509 207 Codomibia 5-12 1137 5539 5598 hour  day T, GAMES  BC
Gordon-Larsen P [176] 7002 L5 11-189 159 13759 E200 LSRG hour  aenk T, GAMES BC
Gortraker 5L [143] T 19-15 1ns TAE 388 3% hour day ™ BC
Gortmaker 5L [57] 1A LS 611 1745 min  week T S, A
Goamiraker 557 e 1217 1745 min  oweek T 5 A
Gaaf  [167] 204 Germany a8 M4 077 GT hour day T, COMP B
Gussar S [40] N5 Germany L] 1= vk | 175 145 hour  day T Al
Hardy LL [133) 206 Auntalia 11-1% 2750 1dah 13 hour day SCREEN AT
Herrandez B [176] 1959 Memico G146 461 Ma 217 hour day ™ BC
Hirschiler  [144] 209 Aigenting -1 &3 By 6B 162 hour day ™ BT
Hiolgier MC: [233] 08 Canada B12 s 152 ME 0 hour day LCAEEM 5
Hume T [190] 04 Metherards 11 L= L] hour  day SCREEW B
IslarreZweart K [156] aa s 480 188 283 hour day ™ BC
Jackion LA [223] 08U 1218 5 159 286 hour day GAMES, Al
CONP
Jarszen | [164] 204 Canads 115 R0 1812 3TE hour day T, COMP BC
lanz K [174) mn? e - L 40 24 25 hour  day T BC
laumatanasirkul 5 [241] 2004 Thailand 2 159 1452 62 929 hour GAMES A
Johrsan O 1] a7 s 12 1357 0 1397 hour  day E E
Katzmarzyk FT [197] 1966 Canadl %18 Té4 423 31 min day ™ BC, FIT
Eatrmarzyk FT 154 1998 Canada &0 355 28 howr day ™ B, FIT
Kautiainen % [135] 05 Finlard 13-18 &35 29E 359 hour  day SCREEW BC
Keith TZ [2154] 1586 LS high school seriors A1 hour  day ™ A
KleirrPlatal C [165] 205 France 12 271a 1357 1357 hour wesk 3B BC
Kueri Rl [195] 207 Gresce 12417 MO 1021 9ET howr day ™ BT
Kristjarrsson AL [2£3] 209 Iceland 1415 S0 2807 30 hour  day ™ Al
Furasche E [2300 2004 Imematkanal 11-1% Iz hour  day T PRO
Kuriyars R [117] 207 india -4 S 34 74 hour day ™ B
Lacyns & [160] 0B Greece 1912 633 36 317 Bour day T, GAMES  BC
Lajois M [92] A0 Meice 1-18 139 NI 3518 5513 hour day ™ BT
Lajunen HA [125] A07 Finlared 74 4008 1881 INT howr week  CDWP BL
Lamseme A [118]) 07 Saitrerland 11143 133 ST In31 15EA hour day ™ B
Laursan KR [107) a8 Us M e W8 31 hour week  SCREEN BC
Lazaray C [217] 209 Cypus 1y 611 36 3G howr day ™ ME
Leathierdale 5T[11] A0 Canadi 14-12 HA15 12806 12610 hour  day ™ B, FRO
Liceet & [177 7007 France 314 016 528 4B hour  day G TV COME B
Lobeda F 208 aeE s 14-18 L¥A LB 5210 hour  day SCREEW HT
Lawery R [173] ae s 15343 7445 P82 hour  day ™ B
Lutfissya MH [108] A7 s 17 TaT2 our  day ™ B
Fetaffeis C [114] 208 Ialy B-11 a3 1837 %24 M3 howr day ™ BC
Fark AE |20 08 L 1219 129 1803 ID0E MR hour day T B, MG
Ichkiumay BG [187] o ug 1018 15F e 11E 10 hour  day T BC
Pihas C [193] A8 Grmecs 1217 144 2008 102 887 hour day SCREEW B

204
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Pikdapceyk T [154] 08 ey -1z 135 4570 1433 2445 howr o B BC
Figh
Woeaes 35 [135] TG Meeicp 614 203 a1 MI 0 3W hour week
Morgenstermn b (4] 08 GermanyLS 10-1F &2 4210 XM 2516 hour  day SCREEW BC
Miorgenstem M (4] 208 GermamelLis 12-14 14 4473 ¥ 128 hour day SCREEN B
R ) [090) 2006 Panugsl 46 450 1M 230 howr dsy T, COmp BC
Rudler B 1799 1999 CGermnany 57 g8 T30 3E hewn da ™ BC
Kagel G [153] T Germanty B3 T.5T 0 4% hour  day T, GAMES B
rastassea-ylachau K 1968 Greeoe t-13 4550 3P 111 hour  day T A
[2a0]
Pawal LM (V48] 1956 LS 5-18 i hour  day T, COMP BC
Matzan KC [233] aga LE 12 TI957 5070 SOTE Mew  day SCREEM PR
uMeltl;]maﬂc-baalner x a4 L5 118 48 4745 J3R7 234 hour  week L SE, PR
Mioqusira M [45] 2000 Beaml B3-168 11 6 a1k hour day i BC
Disarzarek E[18] 19 LS G140 0 Aanmon 237 hour wesk TV B
Oharressian O [226) 009 LS 1816 145 38 138 190 how day SCREEM SE, PR,
e
Exiega FH [123] 07 Lpain 13-18% 154 50 1357 1802 hour  day ] [
Cramrbey BC [214] 008 Manway B19 T 315 3R min day T
Cizment E [42] A2 Turkey S8 ME 0 B hour day ™ PRO, A8
Padez 99 00 Pamagal -8 339 168G 18 Rown day ™ B
Fage R |234] M Pailippine 131 T 1247 1817 hogr  week ™ PR
Pate FE [210] mn s 1319 154 IGHT IpBS a0 hour dﬂ_,l T HT
Painick K [1&9 kY 11-1% 15F 407 471 min day ™ BC
Frawe € [AG1] 08 LS 12 M58 223 1235 hour  day k] B
Purarh | [185] 1995 L& 35 WEOIRD 1P hewr day ™ BC, MG
Famis E 1126 07 Parmaga 13 2B TME 1T min week 5B TV COMP B
Fapp K [138] 05 Germarnty az 2140 IME 1135 hour  day ™ B
Fidley-Jobreon R [252] 1983 LS 58 i hour  day ™ L
Fusbserys OF 2504 1984 LE 35 Bour oweek TV Ah
Rodireon TH [58] 199 L5 124 @ oo a7 hour  day ™ [
;‘-mr]lg-:laraga'-nn M 2 Thaiand 12 o] 4187 2126 M35 hour  day ™ BC
141
Fars 54 [147] kT Y 617 S4BA% 5L MTI0 hour day SCREEN B, SE
Sekamalo A [236] 1954 lapan a5 wy 165 14F  limes wesk GAMES PR
Sahamalo A [235] 1994 Lpan 44 23787 230 Rowr wesk CONP, PR
GAMES
Sakamin A [236] 195 Lapan &5 118 18 0 NOUr  WeEL N, PR
GAMES
Sdman | [136] A Aveteslis 512 1560 ¥ BT hour day ™ BC
Sardinha LS [48] 08 Panmugal 810 958 g 161 147 Bpwr day B M5
S0or LF [254] 1958 57 407 LTy ™ A4
sharkl | [344] oo LS 10-14 527 34 333 hour  day TV, GAMES PR AL
Shar¥ | [260] 000 LE 15 12 4508 1M 2x% hour day T, GAMES £
Shepaal B [246] A6 ndia 1605 €54 368 2B Rour day ™ A
Shialck M [162] G LETan 217 66 hour  day BTV BC
Shin M [239] aga LE 613 9 1203 B05 5EE min day ™ an
Singh G [105] a0 1917 4T 40T 2x615 mur day ™ [
Singh G [108) aa s 1017 4EMIF 1P 185 hour  day ™ BC
Skone MR [258) 08 Singapone B12 w ¥3 18 153 haour T, GAMES Ly
Smrith BJ [161] A7 Fig 1-16 443 200 M5 Rowr day ™ BC
Spinks AR [124] 07 Aveneliy 512 BB 282 23 min week 5B SCREEN BC
Greffen LA [2E] T B11 s36 25h 200 hour day ™ B
Stattler M [168] e Switrerdard ] &7 410 a8 hour day T, GAMES BC
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Wiglaroe R [137] N5 Mexicn f=14 8634 158 436 hour  day ) HE
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Walker CE [202] A3 China £-11 9 E hour  week TV B
Warg T 1300 07 1ng 498 B 280 howr day SCHEEM B
Welch A [248] 1588 Aunballa 34 b 4 158 ™ Aol
Whells B [100eE) 208 Beam] 1012 4452 1493 2258 hour oy ™ BC, W&
ATl caver BAC [24] 09 LE 619 4% 351 FNE min  day ] B
Wiggirs | [227] 1947 5 412 43 152 231 min day ™ S, A,
Walf AW [303] %68 L 11-14 L) ] a&7 hour - day b B
Wang 5L [100] A8 Canads 154 2060 12806 12554 hour  day R SIREEM BC
Zabinski MF [132] . O Y 11-1% AT 425 a5 hour  day 1] B
S, wed v bt = T, belevi tening CORP, ¥ time; GAME, video game playing: SCREEN, compmite memume of 3o mone icreen aciiaitie jis,

telewvision vewing compurer fime. o whdeo game playingl BE. body compostion: M5, messures of
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il pes krance, biood prossueel; SE, selfl-eineesy; PR, geo-uicial behawoun A8, Jcademic achivyomont

sedentary time and weight status 24,85, 137, 183-204].
Cine study [131] reported an effect in boys but not gicls
and one showed an effect in gids but not boys [139], One
study showed that amaong boys, being underweight was
amsociated with more screen time [111]. The level of evi-
dence reporting on the relationship between sedentary
behaviowr and body composition was of moderate quality
and was classified as Level 2 with a mean Downs and
Black score of 2006 (standard deviation: + 1.9,

206

Fitress

Fifteen studies assessed the relationship between time
spent engaging in sedentary behaviowr and fitness [Table
4). Increased time spent being sedentary was associated
with decreased scores for overall physlcal fitness, Vi,
max, cardiorespiratory fitness, and musculeskeletal fit-
ness, An intervention reported that targeting decreased
sedentary behaviour lead to increases in aerobic fitness
[56]. This study in = 13 boys and 26 girls, mean age =
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Table 3 Summary table of results showing relation between sedentary behaviour and measures of body compasition

Type of Humber of  Mumber of Marrative recommendation and main findings

Srudy Studies participants

RCT -4 [0 Reductians in ssdertary behadaur aee directly related 1o mproved body composition

Infersanticn 10 3547 TV watchirg and avenweighiiob=sity wera nelaisd in 3 dese-resporess manner (2, Mose who
vaanchiea more TV were midne likely 5o e creness phiviobess)

Longinadinal 33 B5733 TV watching and avensaightiobesing were relaned in 3 doseresponse mannar fie, thase whe
weanchied more TV were mane like by 5o be cvenesight'obese),

Croas 1% G175 = & hrs of sederrary behaviour selated 1o increased sk of beng ovenvsight or abese,

saitions

Total of gl 170 THZERA Feta-anahysis wirs performed an randomized cortrolled studies that looked at change in BML They

shudies Fowwd an eflect of 089 kydm® 95% O of -167 w001, p = 003 deceass in mean B in the

inTErR TGN groug

= 7 hrs of sedernany behawiour per day is associated with an increasad risk for cuerssight/obesity
This Ask Mcremses in o dossPEpanse manre,
Each additioral bour of TV wiewing increased sk far abesiy, > 2 hrutday sgrificantty increassd nsk

for cwenesphtiabesty,

Phean Diorwre, a0 Black score = 2000 (2 150, Lewel 2 evidenice.

105 vears) showed that an intervention to decrease tar-
geted sedentary behaviours {watching TV, plaving com-
puter games, talking on the telephone, or playing beard
games) led tor increases in both |_'.||'|1.'s.i4;='| activity and non-
targeted sedentary behaviowrs. Longitudinal evidence was
conflicting. One longitudinal study showed that = 2
hours per day of TV and computer use was associated
with decreased musculoskeletal fitness [205]; while the
second lengitudinal study found no assaciation between
increased screen time and decreased fitness. Eighe of 12
crpss sectional studies showed that greater than 2 hours
of screen time per day was asseciated with decreased
Viymax, lower cardiorespiratory fitness, and lower asro-
bic fitmess [95206-212], Two studies showed weak rela-
tionships between television watching and fitness
|197,213]. Two studies showed no conslstent assoclation
bebween television viewing and acrobic and musouloske-
letal fitneess [184,214]. The level of evidence related o fit-
ness was elassified as Level 3 with a mean Downs and
Black score of 209 (standard deviation: + 2.1}, indicating
masderate quality of reporting.

Merabolic syndrame and risk for cardiovazarlar disease
Eleven studics assessed the relationship between time
spent engaging in sedentary behaviour and risk factors

for M and CVD (Table 5. All of the studles reported
that increased sedentary time was associated with
increased risk for M5 or VI, However, the results of
these studies shoold be viewsd with caution as the pro-
paction of children and youth who have measurable
huzalth risk Eactors for M5 or CVD ks quite low. Longitu-
dinal studies found that those watching more than 2
hours of television per day had higher serum cholesteral
levels [88] and were more likely to have high blood
pressure [215] than their peers who watched less TV,
Cross sectional studies reported that high levels of
screen time and self-reported sedentary behaviour were
associated with incrensed risk for high systolic and dia-
stodic blogd pressure [47,108,216,217], ]1i.3}||:r HEAL ¢
[218], fasting insulin [134,216]. insulin resistance
[48,219], and M5 [220]. These risk factors increase in a
dose response manner with increased screen time
[216,220]. One cross sectienal study reported a signifi-
cant relationship batween watching TV and increased
cholesteral in adolescents, but not bn younger children
[185]. The level of evidence for M5 and CVD risk fac-
tors was classified as Level 3 with a mean Downs and
Black score of 21.7 {standard deviation: + 2.1}, i.rbdi{.ating
moderate quality of reparting.

Tabla 4 Summary table of results showing relation between sedentary Bahaviour and fitmess

Type af Mumber af  Mumber of Harrative recommendation and main findings

Ssly Stulies paricigpants

FCT o

Intersenion | o Reductions in sedendary behavicer laad ro incepased fness

Longibadinal 2 41 Ore sudy showed no assodatian whereas one study showed higher musouloskeletal fenes in
thome watching < 2 brs of TV per day.

Croes 12 1737 = 2 Fus of soveery timee per dey is assoaated with betier WOomee: soones, better msculkoeke el

sational el Cardionespiratany filress sCanes

Toaal of al 15 | 7 Thease walching kEss than 2 hours of T 3 day $hawsed higher resulis for fipness esting and mane

nudies farvcisrabie bone healn

Mear Deasns and Black soam = 206 [+ 111 Lewn! 3 svidenos.

207
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Table 5 Summary table of results showing relation between sedentary behaviour and markers for metabolic syndrome

and cardiovascular disease

Type af Mumber of Fumber of Marrative recommendation and main findings

Sty Ftuadins participants

RCT o

ongnsdingl 7 1575 = T hrgf T par day is assedoned with higher serum cholastancd Bavels, = 1.2 bes of TV per cly B

asociabed wich increaced wysiclic blood pressung

Cross 9 17335 = 1 of screen tme per day s saochted with higher blood presune and incresed sk far

=ectional metabalic syrcrome.

Intersenticn O

Total of gl W1 o084 Incresgiesd dcneary b i aidociabed wokh inciested bk foe marken of metabalc syt s

shudies candaraescular disease Fisk PCreaEsss in o Gise-respansd manier,
Maar Dorars and Black soone = 217 (2 200 Lewal 3 evidence

Self esteern behaviour (Table 7h, The one longitudinal study examin-

Fourteen studies assessed the relationship between lime
apent engaging in sedentary behaviowr and self-esteem
{Tahle &), One RCT aimed to increase physical activity and
decrease TV viewing [221], leading to a trend in improve-
ments in self-esteem (P = 0.26) and concerns with body
shape (p = 048], Intervention studies that argeted changes
in sedentary behaviour produced inverse changes in physi-
cal self-worth and self-esteem [52,54]. Cross sectional stu-
dies showed that increased screen time was associated with
]'ii.ll.l'll.'.r dr.pr\r:s::i\'r symptoms, low self-esteem, and
decreased perceptions of self-warth [44,115,147,212,
221-323). There was evidence for a dose-response relation-
ship as each additional hour of screen time seemed to
increase the risk for lower self-esteem [147], Two studies
[224,2215] reported that increased TV viewing was asso-
clated with decreased self-esteem bn boys bt mot gisls, and
increased aggression in girls but not boys, Two studies
showed no significant relationship [226,227]. One study
[228] showed a significant relationship between increased
TV viewing and decreased sell-esteern in adolescents but
mot in young children. The level of evidence for studies
examining self-esteem was classified as Level 3 with a
mean Downs and Black score of 21.0 (standard deviation:
+ 214 indic.al;ins maderate ql,:.'||'il_':,- aof rqporting.

Pro-social behaviowr

Eighteen studies assessed the relationship between thime
spent engaging in sedentary behaviour and pro-social

ing the relationship between sedentary behaviour and
pro-social behaviour found that sustained TV exposure
(e = 2 hours per day) was a significant visk factor for
behavioural problems [229]. Cross sectional studies
reported similar findings, Those who watched less TV
were more emotienally stable, sensitive, imaginative,
outgoing, self-controlled, i.ntzlli.ﬁenl.. maoralistic, u:-l]l.-ﬁe
bound, and less likely to be aggressive or to engage in
risky bBehaviour [42,115,230-235]. Two studies found a
significant relationship between increased computer use
and behaviour problems in boys [111,236] but not girls.
Chine stuely showed that increased TV viewing was asso-
clated with aggression ln girls but not boys [225]. The
level of evidence for studies reporting on pro-social
behaviour was classified as Level 3 with 2 mean Downs
and Black score of 199 (standard deviation: 2 1.3) inci-
cating maoderate quality of reporting.

Acadernic achievement

Thirty five studies assessed the relation between time
spent engaging in sedentary behavieur and academic
achiewverment [Tabkle 8, Academic achievement was mea-
sured in a variety of ways but included measures of 10,
school grades, grade polnt average (GFA), performance
on standardized tests, and self-report questionnaires {e.g.
students rated their own bevel of academic achievement).
The longitudinal studies included in this review found
that children who watched higher amounts of TV had

Table & Summary table of results showing relation batwean sedentary behaviour and self-estesm

Type al Mumb=sr of Pumiter af Marrative recammendatian and main Timdings

Snusdy Studias participanis

RiT 1 &1 itk wihg decregsed sedentany behavigur had Ioawar Doy dhissankfaction and shaweed a trend
boreands improsed self-esieem

Intervention 584 Cerreases in wedentany behavoor ead to improved sef warth and seif-esteem,

Longitudingl 0

s ] TI05E Thise veith higher segamed sedantany Bebayicur Pad poonss soanes on el waih. TS assadiation

sacriona SREG I INCTSacd I B Cc-eslinGe iy

Toeral of al 4 2113 Each adcinoral houe of TV wiessing was associaed with decnegses in selaorh and sel-congepc

andies Meain Doane and Black scong = 210 (+ 245 Lewal 3 evidence
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Table 7 Summary table of results showing relation between sedentary behaviour and pro-social behaviour

Type of Mumber of Mumber of Marrative recommendation ard main findings

Study Studies participants

BCT 1]

Lonpnudinal X7 Wiatching = 2 brs ol TV per day is a risk Tacrar far social Befayiour proklems

Interaanticn 0

Lrss 7 a4 rdwiduals veatching = 3 his of TV per day ane mane lkely 10 exhibh poer sodal behadaurs and b
sartianal more aggressve, Limeed evidence ta suggest this relationship is stranger in bays.

Total of al bl R e 2 2 his of Tv per day b associated with poar pro-social behavicor

b e Thicee ‘watching less than 3 bes of TV per day scored mare pasitively in sspects of pro-socal

ErsFrawicer
Mezan Dererrs and Black soore = 199 ¢ 134, Lewel 3 evidence,

greater difficulties with attention as teenagers [41],
showed lower progression for reading level [237], and
performed worse on cognitive tests [238] than those
watehing less than one hour of television per day. The
majority of cross sectional studies (75%) reported that
children and youth who watched higher levels of TV
tended te spend less time doing homewark, studying,
and reading for leisure which may lead to a decreass in
aeademic achisvement [42,181,239-255]. This association
increased in a dose response manner [181,244,248]. Ten
of the cross sectional studies found no significant rela-
tionship [57.226,227,238,256-261], One study [228)
found that this relationship was significant in adolescents
but not younger children. The evidence for academie
achbevernent was classified as Level 3 with a mean Downs
and Black score of 19.2 {standard deviation: + 2.1} indi-
cating maderate quality of reporting.

[Fata for each of the outcomes were assessed o deter-
mine if they were sufficiently homogeneous to make
meta-analysis appropriate. The only eutcome for which
data were consistently collected and reported and for
which the characteristics of the studies were similar
enough to undertake a meta-analysis was body composi-
tlon. However, this was only for the RCTs; the lengltedi-
nal, cross sectional and intervention stodies that
examined body compaosition had too many inconsisten-
cies to allow for a quantitative synthesis of resules,

Change in mean BMI before and after the intervention
{at the longest point of follow-up for each study) was
used as the point estimate for the meta-analysis of the
BT data. OF the B BCTs, only & had data that could be
used to caleulate the change in BMI after the interven-
thon [50,58,221,262-264] (the other two reported on pre-
valence of overweight and obesity} [57,265], OF the
remaining six studies, one [50] examined standardized
eatimates of BMI only and one [262] presented only med-
lan change in BMI and not a mean change. Study authors
were contacted for missing informatien, but mo addi-
tienal data was made available and thus these studies
were excluded from the meta-analysis. Meta-analysis of
the 4 RCTs that remained revealed an overall significant
effect of -0LE% kg/m® (95% CI of -1.67 to -0.11, p = 0.03)
indicating an overall decrease in mean BM] associated
with the interventions (Figure 2}, The Chi square test for
heterogeneity was not significant but the 1% was 36% indi-
cating that there was low to moederate heteragensily in
the data. The funnel plot showed no indication of publi-
cation bas {data not shown).

Meta-analyses were not undertaken for other outcomes
or study designs because there was substantial heteroge-
neity in the units of measures and type of reporting of
sedentary behaviowr, as well as the specific measures of
each outcome. For example, when reporting on the rela-
tion between time spent watching TV and overweight
and obsesity, one study may report the relation between

Table & Summary table of results showing relation between sedentary behaviour and academic achievernent

Wur Mumiber of Mumbar of Bl i

recommendation and main findings

Srudy Studies participants

R =]

Longitudinal 3 1500 ‘Wanching = 1 hr of T per day is associated with attention cifficulties.

Int@&renices 0O

Ciss 32 157637 = 2 P of SCTeen Time g day resadted i lovess acadeimic achigssement

saeTional

Interventicn 0

Total of all 35 141167 » 2 hes of screen time per day 1s negatively rsoclated with academic achiewement

shud ke Dase-response relatian between ime spert pladng video games, watching TV and wsing the

commuter [for nor-academc puipoees). = 3 heo'day associsted with poor schoal pedformance and
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Geoldifisid (2006} -8 085817 155% -0L.80 |-2.48, 0.&8] I

Robingon (2003} 021 072T2  195% 021 F1.64, 1.22] —=

Robinson (1997} 042 04974 297T% -0.42 |-1.29, 0.55] —

Shelon {2007) A7 DAMDT 353% 170 [-2.48,-0.81] -

Total (35% CN) 100.0% 088 [1.67, 0.11] -

Heterogeneity: Tau® = 0,280 Chit = 5.58, df = 3 (F = 0.13%; I = 46% Y & ¢ & &

Teest for overall effect: Z = 223 (P = 0.03) Favours experinental  Favours control

Flgure 2 Metz-analysis of randomized controlled studies examining decreases in sedentary behaviowr and effect on body mass index

the FH.‘!C[I.JEI‘I\:]’ of TV wat-ching and skin fold thickness,
whereas another may examine the relation of daily
volume of TV watching and BMI. Even for studles that
examined the same outcome, for instance BMI, some
wiruld report the proportion overweight or obese, while
others would report mean BML In addition, some studies
reported on data for males or females only, while others
repofted only overall estimates and many were missing
key information about participant characteristics or study
design. As a result, we were unable to determine com-
mn peeint estimates and associated measures of errors
for many of the studies, Due to the scope of the review, it
was not feasible to contact every author for individual
data to re-run the analyses, Developing reporting stan-
dards for primary studies examining the relationship
between sedentary behaviour and health would help to
ensure that appropriate data arve available for future
meta-analyses,

Discussion
Based on this systermatic review of 232 studies, .-i:dr.'nur:.'
behaviour {assessed primarily through increased TV
viewing) for more than 2 hours per day was associated
with unfavourable body composition, decreased fitness,
lowered scores for self-esteem and pro-social behaviour
and decressed academic achievernent in school-aged chil-
dren and youth (5-17 years). This was true for all study
designs, across all countries, using both divect and indir-
ect measurements, and regardless of participant sample
sirze. All studies CXAMmining risk factors for MS and VD
disease reported that increased sedentary time was asso-
clated with increased health risk; however, the included
studies examined a wide range of risk factors, and thus
there was insufficient evidence to draw conclusions on
the relationship for metabolic risk as 2 whaole

High heterogeneity of the included studies limited
meta-analyals to RCTs examining the relationship
bBetween television viewing and BML This revealed a
trend to support the hypothesis that decreased time
spent sedentary is associated with decreases in By This
result should be interpreted cautiously, given that i is

210

nnl:.r hasedd on @ small mumber of RCTs and that unl}.' half
of the RCTs included in the review were included in the
meta-analysis. Monetheless, this meta-analysls of RCTs,
which are considered to be the highest quality of research
evidence, coupled with the qualitative syntheses of data
from the other study designs, provides consistent evi-
dence of the inverse relationship between sedentary
behaviour and health owtearmes, and that reducing seden-
tary behaviowr can improve body composition, Forther-
mere, this finding was consistent with the results of
abservational studies and previoues reviews [19-21.23,25).

Studies included in this review used primarily indivect
measures {Le. parent, teacher, and self-report question-
naires)h to assess time spent engaging in sedentary beha-
viowr. Thase studies that did use direct (e, acoelerometer)
measures found that children and vouth are spending a
large proportion of their day [up to 9 howrs) being seden-
tary [24,27,29,39-47,49,178). Therefore, for some children
and youth, a viable approach to improving health may be
to wark towards a reduction of at least sope of their
sedentary behaviowurs either Ll'I[I:IIIEJl smaller, micro-inter-
ventions {eg. Interrupting prolonged sedentary time}, or
lager macro-interventions (e, population-based interven-
tions and public health initiatives), Decreasing sedentary
tirme is important for all children and youth, but it may be
may be especially important o promele gradual decreases
I the sreat sedentary group as a stepping stone to meeting
sedentary behaviour guidelines | 266]

Strengths and limitations

Strengths of this review included a comprehensive search
steategy, a-priort incluskon and exclusion criteria and ana-
lyses, and inclusion of nen-English language articles. We
included direet and indirect measures of sedentary beha-
viour and focused on 6 diverse health indicators in chil-
dren and youth, Although efforts were made to include
grey literature {e.g. by contacting key lnformants and
reviewing government documents), we did not include
conference proceedings and other types of grey literature
because it was impractical and unfeasible to sift through
all unpublished work, and also because of Imitations in
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the quality of reporting in conference abstracts [267,268].
Wi do not anticipate that additional, unpublished work
would change the results,

Our study has limitations, including the types of out-
come measurements and analyses reported in the pri-
mary studies and primary study quality. The scope of this
review was large and included a great deal of health indi-
cators and measurement tools, A more detailed meta-
analr.'nis would have allowed us to estimate the overall
effect sizes for each outcome. However, due to the het-
erogenelty of the data, it was impossible to complete
such analysis. Furthermore, some studies had missing
infermation on participant characteristics making it
impossible to determine if basic demographics act as a
confounder for the relationship between sedentary beha-
viour and health, Many studies also grouped their vari-
ables inte tertiles, or groups that also took into account
physical activity level, Although it was still possible to
ascertain information regacding the association between
level of sedentary behaviour and health indicators, it
made it very difficult to compare the information across
studies, Similarly, very few studies measured time spent
being sedentary directly (e, with direct sbservation or
accelerometry). Previous work [269,270] has shown sig-
nificant differences between divect and Indirect measures
of physical activity; similar work needs to be completed
with respect o sedentary behaviour to gain a better
un-dﬂsl.:mdins of pnssiblp binses in previous studies.
Indivect measurements of sedentary behaviowr often lead
to grouping for analyses, This may lead to bias in the
results of the systematic review as many studies arbitra-
rily grouped their participants as “high users” if they
watched more than 2 hours of television per day. This
could perhaps be falsely leading us to conclude that 2
howrs is the critical cut-point or threshold. Further work
using direct {i.e. accelerometer] measures of sedentary
behaviour and screen time as continuous variables will
help to clarify i a cut-poing of 2 hours is in fact biased.

The final important limitation of this review was the
type of primary studies that were available for analysis.
Studies with small sample sizes were excluded; however
we do not believe that this had a significant impact upon
the strength or direction of associations observed in this
review. The majority of studies {TEA%) included in this
review were cross sectional, observational studies, using
indirect {i.e. parent-, teacher, or seli-report) measure-
ments of sedentary behavieur. Cross sectional data make
it impossible to infer causation and resulls should there-
fore be interpreted with cautlon. However, It should be
nated that due to ethical considerations, it may be impos-
sible to conduct a RCT on the effects of long periods of
sedentary behaviours in children and youth. Due to the
large and diverse sample sizes available in population-
based cross sectional research, and given that this
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information demonstrates similar trends as those seen in
RCTs and intervention studies, we believe that the ovi-
dence presented in this review provides important
insights inte the relationship between sedentary beha-
viowr and health sutcomes in school-aged children and
youuth,

Future work

The [urpss of this review was to PII.'I'I'il‘.l.E an evidence
base to inform clinical practice sedentary behaviowr
gubdelines for children and youth [266]. Future work s
needed to translate this infermation inte clinkcal practice
guidelines and disseminate this infermation to health
care providers and the general public. While this review
was limited to children and youth, similar work is
needed to inform sedentary guidelimes for yowng chil-
dren aged 0-5 vears, adults, and older adults,

As the accessibility and popularity of multiple forms
of screen-based technology increases among the pedia-
tric population, future work needs te continue to focus
on media engagement. Specifically, with increasing
poepularity for hand-held. portable devices, ‘sedentary
multitasking’ is becoming increasingly commaon. Chil-
dren and vouth are able to watch television, talk on the
phone, and use the cormputer at the same time This §s a
relatively new phenomenon and we are currently una-
ware what, if any, are the health effects associated with
this h'igh level of ‘multi-screesn’ time. This is also true
for the effect of advancements in technolegy and their
assoclated health effects. For example, “active video gam-
ing" (e.g, Mintendo Wii™, Microsoft Kinect™, Sony's
Playstation Move™) is advertised a5 an effective mode
of physical activity. Although it is true that some games
cai require sufflicient energy expenditure for health ben-
efits [271], the socio-cognitive and physiological aspects
of remaining indoors for long perieds are unknown,
Furthermore, children and youth can learn quite quickly
how to use minimal gestures h:.g.. us‘ing Wrisk M-
ment only) to play the game thereby substantially redu-
cing energy expendioure.

Finally, as described above, the vast majority of the cur-
rent evidence has been based on selfreport questionnaires
focused an TV viewing and body composition. [t is now
clear that these two variables are related. Future work
needs to move beyond this relationship and focus on
other mades of sedentarism {e.g., prolonged sitting, passive
transport] and other associated health indicators. To do
this, objective measures of the time, type and context of
sedentary pursuits will be needed In combination with
robust and standardized measures of health indicators,

Conclusions
Physical inactivity and sedentary behaviour are pervasive
and peraistent public health challenges to overcome, This



Tremblay ef of. infernationol Jownol of Bshovioral Mutntion and Physice!’ Acthaty 2011, 858

Fritpedfwrme ln paorg icoment /80 8

review demonstrates that there is a need to advocate for
increases in physical activity AND decreases in sedentary
behaviewr. It is believed that a multi-level, multi-sectoral
appraach is required for this to be successful [11]. Ulti-
mately, resolving the problem of inactivity requires a sus-
talned change in individual dally activity and sedentary
patterns, From a public health perspective, a reduction in
sedentary behaviour may be easier than increasing physi-
cal setivity per se because there are fewer restrictions (ie.
no need to change clothing or wse special equipment),
and can be easily attained with minimal burden to a per-
s0n’s time or financial resources,

This systematic review summarizes the current evi-
dence examining the relationship between sedentary
behaviours and a series of health indicators. It was
determined that increased sedentary time was associated
with negative health outcomes in both boys and girls;
this was true across all study designs with the majority
of studies (85.8%) reporting similar velationships. The
majority of current work has focused on television view-
ing and body composition and suggests that children
and youth should watch less than 2 hours of TV per
day during their discretionary time, Furthermore, chil-
dren and vouth should try te minimize the time they
apend engaging in other sedentary pursuits throughout
the day {e.g. playing video games, using the computer
for non-school work or prolenged sitting), This work
can be used to inform the development of evidence-
based sedentary behaviour recommendations for chil-
dren and youth.
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Abstract

Oifective: To examine the assodation between duration and type of screen time (TV, vides games, computer trme) and
bload pressure (BF] and lipids in overweight and obaese adolescents.

Dhesign: This s & cross-sectional study of 282 overweight or obese sdobstcants aged 14-18 years (86 males, 196 females)
assessed at baseline prior 1o beginning a lifestyle intervention study for weight contral. Sedentary behaviours, defined as
hours per day spent watching TV, playing video games, recreational computer use and total screen time were measured by
self-report. We examined the associations between sedentary behaviours and BP and liphds using multiple linear regression.

Resulrs: Seated video gaming was the cnly sedentary behaviour associated with elevated BP and Bpids before and after
adfjustment for age, sex, pubenal stage, parental education, bady mass index [BMI), calaric intake, percent intake in dietary
fat, physical activity (PA} duration, and PA intensity. Specifically, video gaming remained positively associated with systolic
BP [adjusted r=0.13, = 1.1, p=<0.05) and total chalesteral/ HOL ratio (adjusted =012, f=0.14, p<005).

Conclusions: Mlaying video games was the only form of sedentary behaviour that was independently associated with
increased BP and lipids. Qur findings provide support for reducing time spent playing seated video games as a passible
means to promote haalth and prevent the incidence of cardiavascular disease [CVD) risk factors in this high risk group of
awerweight and obese adolescants. Futune research is needed to fisst replicate these findings and subsaquently aim to
elucklate the mechanisms Bnking seated wideo gaming and elevated BF and liplds i this high risk population,
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Intreduction

Most adalescents livimg m Western coumtries sl excese
ampants of 1ime heing sedemary, mainly in the forme ol screen
e behavaours such as TV saowang, scated svides gammg, and
recreatianal compaiter ime [1-3]. This & concerning becouse
sodentary behaviours track  throughout  adolescenee and - inio
adulthond] |||. and sedentarines via sereen time in adulibood &
assoctated with inereased morbidity and montalsy, making the
relatiznship between sedengary behaviour aned healch ingicannes an
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important aren al sty |3, Mamy of the snsdies condicted in the
potdsairie popukstion have Jocuscd primaraly on glucose-relaed
measures with reltively e atention 1 radnional Gurdiovascu-
Lar dlisense [€ f\-'\.lg risk Facrors such as ||i.y||| Bl |'|| siire (I and
dyalipideria, However, there s evidence that dyslipidernza and
elevared BIP are being increasingly observed in youth, especially
||l.1'|'l.'||'i|_-|'|l aned ob=are 1_.-|||.I|'| |||.-|'|.L arel than these OV risk Tacrars
m achslesenee preduen the develapment ol CWVID and mortabiy m
adulibicod  [8,%]. Marecver, animal research has showno that
careneled

|x|||[l. ol '|I"1|I'|I|.l.l:. beehaviar  resish in dramsani
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reductons i bpoprotem lgase acimvity beading o reductions in
highedensry paprovein chobsteral [HDL-C) in ran skelel muscle
[10], Bimilarly, exvessive sedentary behaviour s associared winly
iereases in bow densiy lipoprodein cholesterel [LDL-CY) and
wriglyeerick= in aglul humans [11].

[ the stuclies foousing on BP and lipids as an indicavor of
GV rick in youth, sorecin ims was ilﬁd-c'-pe-m:ll_-m]!,' pesncianed
with increased CWID sk after sbesting for mosderate-to-
vigaraus intensicy physical acoviey (PA) amad sther confounders
ity s stadics [12-14] o not othess [15-17] However, the
studies demaonstrating nuall findings have design [imitacions
i lsabineg limmived stanisrical [y [1&], TV viewing as the ealy
index of sedentary behaviour [15)0 a lmited oumber of
measred VI risk Gictors [15], and the assessment of screen
v e ineluding video gaming [17], Inchuding seaned videno
gaming as part ol screen dme measurement s important
bevanse in i appealing w adolescents [1E] and i associaned with
abwsity inoyouth [19-21), pessibly due e mereased G miake
[22,23]. Moreover, recent research Found chat different oypes of
sereen behavioar may have diffevent and independent effeces on
chronic disease risk in vouth [24.25) but again these studies
failed v inclisde vides guming as part of sereen time, Thus,
mesrernent al’ dme spent playing video games meassociation
with the full spectrum of BIY and Lpid measaremenis as
indicarers of CVI risk fGetars remains uneclear

The purpese ol this siody was 10 examine the ndependent
relationsliips Betaeen e solume and types of sodemary serecn
time behaviours (ie., TV viewing, seated video games, comipater
timee] with systolic and dissiolic BP and Tipids in overweighn and
abwse asdabscents, controlling for o wide ramge of confancers,

Materials and Methods

Participants

The sample consisted of 202 adodescents wha were either shiese
(205 by mase mdex (RN pﬂwt'.lil-r- o apge and o) or
werweight @57 w0 08" BAI perceniibe for age and sex) based an
cut=oll values freen the Centers for Disease Conral (G0 grosch
charts [26], recnmiied ax potemtial participants inoa dien and
exercise trial. Those paricipants who were overnwveight had 1o hanee
at least o comorbid CVIY or diaberss visk B, including
famaly history, to be included in the study, The sample was
camprised of 26 mals and 196 female aged 14w U years, with a
e age ol 1A= 18 vears, All participanis were Tanner stage
IN o % with respect 1o pubertal develapasent, and the mean B3
was J44x4.3 'Ing.fmi. The majority (7% of the sample was
Canwasian, 12% were Afcan Canadian, 2% Asian, 3% Hispan:,
2% First Mations, 4% Arabic, 4% mixed race, and 3% categarized
as ather, Pavents of pasticipan were well educated, with 75% of
mitheers and 8% of fathers having completed some universty or
community college program. Pamicipanes were reoruited by
posters ancl ackeertisements mothe Children's Hospial off Eastern
COhmtarie’s endecrime fabesity clines, by radie and bus adveri
ments, arud flyers in community physiczans” alfices. Bus advertise-
mients were the mast elfective recrufment sirstegy. acoounting for
#5% of recruitment. Daaa o chis analysis come rom the Healthy
Faningg andd Awrobie and Resaanee Traming in Youb (HEARTY)
irial, & randomized conralled exercise meervendion. aimed  at
reducing adiposity in obese adolescents, The dana vepored herein
represemt baseline data collected. befone the intervention from
005 o 200 OF the 353 adolsoenis, 202 [79%) had comple:
alana Bisr anadysia Fraen the baselme data collection of te HEARTY
irial, All pariicipants compleied the tesimg indivadually (e, ane an
o] with the research coordinan,
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Ethics Statement

Inlormed written consent from each participant was ohiained n
acenrdance with the principles expressed in the Declaration of
Hel=mki guidelines for human subjects, In the case ol minors,
writnen mformed consent was abso chiained by parents or legal
guardiams, This sty was reviewed and approved by the Research
Eihics Boarcs af the Chilcdren's Hr.n{.iml ol Eastern Olivarie
CHELY) aned The Diawa Hospial,

Screen Time Behaviour and Physical Activity

Time [hoars per day) spent wacching TV, playing seaved
(inactive] vides games (excluding compater games), and recrea-
ticmal compuier i [excluding school work) was assessed by sell-
pepurt questicniaine, Total soreen time was calealaied by
aggregating the three oypes of soreen behaviours. Sel-repored
P duration was caboulaved based on e question “Om averge,
how long do you participate i some son of physical activity exch
day — winh physical activiry being comulative o comsecune,”
Likert-type ratimg scales inchuded & response ratings, wherehy
| = kesthan 5 miouges, 2= 50 15 mimiees, 3= 15 w0 30 minises,
4= 30 o 45 minutes, 3= 45 do 60 minutes, ammd 6= greater than
Gl mnimres, Bersity: of PA wae assessen] by ahe qum:im “in
average, how would vou deserbe the imtensity ol most of your
phvsical sctiviny® Resporss watings inclided | =Fgha, 2 =mod-
ere, and 3 =vigorous, Both PA cduration amd PA miensty were
wsedl as conariates i owr stanistcal analyses,

Lipids

Crecrnighi-Tastigg blood sarples of appeosimarely 200ml o
venoas ood were taken in the moming, from a forearm or
amtecnbital vein and were wansposted divecily ol labosanory a
the Ohgawa Hospital for anakesis, The lipid profile measurements
meluded] igheerides (ol fL), wal chokessed [mmal /L, and
HIDL-C jmmel/ L) which svere measured by using ensymadtic
methads on o Becbman-Cosher LY aielyeer [Beckman
msirumeents, Brea, Calilomial, while LIDLAD concentrtions were
caleulated by wsing e Fricdewakd  equaticn [27], Todal
chiesterol HDLAC ratio was derfved from measured values.

Elood Pressure

BPF was measured manually wsing a mercury sphygpmamanom-
cter o the Jell arm after 4 mdnates of pes, with subjecis siving
with their back supponed. Three BF measurements were taken a
T-aminane antervalss e mean of thee Toal veo messares o BE was
usedl B che analvsis.

Covariates

Wedght and height were mwsasured ising o Healih O Meer
manual scale (Health O Meter, Commental Sk Corp, Bridge-
view, 1LL) while |'|.'||1:iripar|.|i ware light clhing, withoan shaoes,
using standard techniques. BRI was caboulabed as weigha (k!
height in mewes”. Children were cdassified 25 avenweight or obess
aceordmy o age and sex specific cut-paints as descabed above m
thee: participants section [16], Sexaal manrity was assessed using
the 5 atage scale foe breast deselopment i femsales and vesticalar
volisme in maks, sccording o Tanmer [20].

Farticipanis comipleted questionnaines oo the same dave as the
phasical measaremenss were saken, They were asked 1o repon
their age, sex, race and whether their mother and  Gther
fru'urpl:-[ﬂi elemientary schad, high schoeal, commuming college o
university, Highest level of matemnal and paternal educaiion was
aserssed &5 A Py Far eocE-eenmamin sLas,
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Participant dictary intake, including ol kilocbores comsamisd,
kilocabories (and  percent kilocabories) frome T, protein, and
carbalwdeancs were assessed wsing By, 24 hour Tood diaries
uncker the supervision of a registered dietimn. The research
coprdinavee provided insiacion on feod  recording prior 0
cvaluten of enengy intake, and participants were provided with
tols o akl i omeasurement. Food records were completed for
thiee days, twe weskdays and one weekend day, ared the mean
intake wis averaged across the three davs using lood comgposition
analysis software (The Food  processee S0L0 2006, ESELA
Research, Salern, OR) A regisered sbetiian met wath cach
partigant shorly alter completing the 3-day food records 1o
clarify reconding asd gain mare acearane measarement of eneigy
itk

Statistical Analyses

The distributicns for BE and lipid omcemes were examined 1o
devermine ey were normally dsrboed, Al distriburicns were
normally distrbwied except B inghyoernles, which was posiinecy
skewesd bum normalized when @t was legarithmically cransformed,
amd this ransformed  glycedes vasable was wsed i abe
amalyses, Sy dilferences were examined by independen -esis
i rhi--ur'.mm fror continues and caegarical varables, IO
inechy (Tabde 1), The relatonships between the covariabes and ihe
inelividual BF and lipicd ourcomes sere assessed using Pearsan
Clorrelations Tor commues vardables g Spearman Ble (mon-
parameiric] comelations e categonical variables (Takde 2), The
independent assoctatsns berween the types of sedemary behavious
tseated video gumes, TV, recreatonal compater time, ol screen
) and PA dusaian and PA neensity with BP oand lipid
e (dependent varsabdes) were wsed by muoliple Bnear
regression, adjusting for =ex, age, highest level of matemal and
pouu-mnl adicarion, seonal manrite, BML sl calorie imake,
pereent of cabaries [rom deetary Ba PA imtensity and PA duration
Table 3 Each regression fr the associations between sedemary
Behaviours and BF and lipid cuteames were abso aasesed Tor a
stx gsedentary behaviour interaction. Regarding the assocsiiaon
betwesn PA durarion and PA inensicy and BF and Ii|'|i|l IR,
ol screen e was wsed as the sedentary behaviour meoall
regressions becase it represems an aggregate measure of the ime
apeiit i all gereen e belviours For regresaons nvolving PA
duration and PA intensity, sex £ PA interactions were alo assessed
Trr each BP and Bpicl cueame, Satisics were analyesd with SPSS
fir Wimdows (Wersion 18] and o pevalue==0005 denoed sansisceal
signilicance.

The deseriptive characteristics af the sample are shown i
Tabde 1, Oy average, mabes had a highee BMI, repared more
timee spent plaving seated video games, mreater wotal screen time,
aned greaer caleric imake compared 0 fomakes, Mabes were
signiificantly mure likely o lse alese than fesales (1009 v 5%,
ek 0. Mabes abio had higher sysolic BP, iglycerides, and
tal chaleseral /HEHL vanio, while females sere e sexually
miature andd had higher HIXLAC, There were oo sex dilferences an
sllrepmed PA,

Unadjusted comrelations are shown m Talbde 20 None ol the
stelentary behaviours seas sipmificamly comvelared with BP o |i|_'|id>.
exeepit bor e spemt playing video games, which was positnochy
asociated with swalic BP [r=0.20, p=0001), wigleerides
fr=loii, petf0ny, eal cholesteral AHDLAC vt (r=10 %,
kM), and pegatieely associed with HDLAC (re =005,
p{lr.l.'llh, Adthonigh PA diarion was vl sesociated witly any BP
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Table 1. Descriptivie characteristics of the sample,
Mlales (N=B8] Farmalsa (N=107}
Aga [ywars] 154213 1565 1.4
Heighe [N (FELES T ST ES ]
weght togi™=" 13RI SATET4T
BkY uog.'rn“l" IEETaD EEL R ]
Tansar (pubertal] Stagecss 45205 48204
T wiewing (hounday| FEed AL
Compuser time [howsiday) FLEA L] 2320
Vidao games hours/day’*= 1514 [ R T
Screnn time (howstlayi™=* [EEFEE EEEEE ]
Imigke In Déesary Faor %) MHATLA JADE5H
Tocal cabonic incake Jecalsy™ 23T 236= 5
Phrpsical aciiity scom 35217 34217
PA intemaity-light &%) (LT (T4 ]
P Interalty-moderate 5 31 33z
P inlensiy- g o £ 23 15
Sytalic BP e Hg |+ 1100 b8 113280
Diiasolic BP femm Myl TRAEOE TAAETD
Teighyceridies jmmall}® 1.AZ05 12206
HOLC |l 10203 |RE2-k]
LO-C dmmaliL] FEEL N Anod
Tonal cholewmanod [memolL) 43208 43308
Chokmercl/HEL-C Rato™* LEER ) ELER Il
Dl ara i nliad a5 ivkas & ikanded o sl loe PA
which @ in percentages: P4 = Physical scthety soore of 1 = beas than 5 mirastes,
=513 15 minuees, 3= 15 10 30 miniies, 4= 30 o 45 M, Se=45 o
B3 rmireban, and &= Graatar Than 80 misutes. Sex dilfesenci datanmmed iy
pendent {-tasis for contl data and chi-souee for cabegorical dabs;
*pec 08,
e,
a0,
dok 10,1 271 jeumal pine D0 Teed 31031

or I'q'uiu:l measires, PA nensity was invessely comelaed with
syseodic BE [r= —0.12, p=<0.03) and total chelesterl/ HDL-C ratio
F=—ll, |:|*=:I'.I.1l.':-|. Thepe were o sgnificam  asocianions
between tdal cabwac intake [keals) or percent 2 intake and BP
anil I'Qinzl-., aa shevam i Tabde 2, Fiimilxrl:.-, thvere was o significam
relxtianship between percent pratein or carbohydrate intake and
B and lipicks [claca ven shusan], BMT corvelared with B aned lipids
mare strongly than any other of the covariates.

Talile 5 shows the mdeperbent associativns between the types
ol sedentary behaviowr and imensity of PA and BP and lipids afier
acljustmment for potential confimmders. The adusted sex @ sedentary
hehavinar meeraction was o significam G any of the bealh
autcames, Smilarky, the secxPA durtion and sex = PA meensaty
mreractEns were o signifant data e shownl However, afier
acjusting for age, sex, parental cdocatson, BMI, sexual maianey,
totnl caloric inake, percent af energy iniake derived from diecary
far, durtion al' PAL and muensiey of PA, the positive associations
herween vidsa gaming and sesolic BP [adjised =005, f=1.1,
P0G and ol chokesternl HDLL ratios (adustee] 7=0L12,
=00, el 05) remaimed snalicant. The relationship berween
wkleo paming and wighwerkdes reached borderline significance
(acljostedd ¢ =011, =004, p=070 No oher ropes of sedentary
behaviour, including total screen time, were assaciated with BF ar
li[.i.d wrgaires alfler adjusting o covariates, Afier m:ljl,p.1|11._-|'||., A
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Table 2. Correlations between Various Sedentary Behaviaurs, Physical Activity and Blood Pressuene and Lipids.

1= Barnabes: ME = Matreal ad PE=guls TS tanner

Riex comid

and S wied Tor conegonical varables
L

e

b D137 fournal pors D02S643 0300

imemsity was imversely associated  with syswalic BF [adjusted
r=—01% [p=-2.3 |'|-'=:I'.I.lr.31. LI (adjusied] r=—D012,
fi= =015, p<<0ind], and setal Cholesteral/HDL rato (adjsted
r=—=014, f= =020, poib), and positively associated witls
HIDLAG fadjuaed w=0,00, =008, p=008, Aler adjwsiment,
FA duration was only imversely associated with ozl chalesieral
HIMLAC vagio (adjusred v=—0.01, = —008, p<iuli.

Discussion

This ey examined the independem association betacen
duration ol screen time and (e speot intypes of sedentary screen
behaviours with BF and  lipids 0 overweight and - shese
adolescents, Interestingly, total screen tme was nol assocsied
with BF ar lipids before or alter sdjusting for confourders.
Hosever, e our kimsaledpe, we are the fire e shose that me
spent playving video games was the only type of sedentare
behaviowr associaed with increased  BF and lipids before and
alter adjuesting for muliple confouncers in a0 lange sample of
averweight and obese adolescents. Although males spern signifi-
aanily mare e playing video games than females, e sexciden

™ €T wa T EMI Age Sux PE ME TS sfat  Cal  PAI PAD
Stk BF 06 00 020 DOT ORPY DS 033 e Dol ool o e o
Diastabs BP T T B 02 nase 00 A8 -am T I T ST P T
Total Chalestercd LTI T o -Ms W L -M 0E L L BT T T S T
HOLC —ME DEE D19 -0 —DUST DT QP 04 e LIS 004 Q08 D0 oo
Trighpearichis 008 e D08t QO3 ORS00 A0 —B0d - 012 007 0B -0 s
[ERS o e nmoonne nm L B E T I L+ B T~ B T I T
Total CholHOL-C 0 00 Wt DE 025 007 023 -9 -0 LIS 0 M DIt e

TV = pbevisann Wewing in hoursiday: Cl'-nm:dumlmrrmllm hmurs.-'dw. WG = dder gaes i Pours’day, ST = soreem time in hours’day: 5o 0= make,
i | stage sons; Fat = Rinkake i ity Tk Cal = tortal calark intabefecalyl; PA-L;
Physical Activity intensity, | =light, 2= moderste, 1= wigorous: PA-D=Physkcal Activity Durstion score Thoursidal, Pearson eomelstions used b0 assess Soesnuous:

game  mteraciion  was e sgndlicant,  =suggesting  that  the
rrhlinlb.'h'q'u between viden games and BF oand I'q‘uin:l QUFCHETICS
dlicl mast eliffier by sex,

Chly o Bew smdies leve examined the relatonship beoween
wyprs of screen time behaviours and chromic discase risk foiors m
yoush, In a Barge, nationally sepresemative sample of over 2500
children amd adaliseonts From the P08 and 200506 MNational
Heahh and Nuriton Examinatien Survey [NHANES), Carsen
anil Jaresen  [24] G bar v spem saiching TV was
predictive of a higher seore of an aggregated or clustered measure
ol cardice-metab=lic sk, i recrearional COMpaIer 1me was nel,
Simalary. Marimex-Gomez et al. [25] found that T viewing bt
o eompister time was asseciated with increased BF in pees
putertal ehibdren, Hoovever, neither sty assessed dime spem
playing seated video games, so i is uneenain how this form ol
aeclentary bebavionr woold Beve prediceed chionie disease i
comnpared tr ather screen behasvsours, In contrasi 1o these ndings,
neither TV viewing nor recreational compuser time was associnned
with BE or lpids m the correm stody, whether consadering
unsslusted or adjusted relationships. These discrepant lindings are
aoarewhal srprising snee many sudies bave  docunsenned

Table 3. Independent Assaciations of Various Sedentary Behaviours, Physical Sctivity Intensity and Blood Pressure and Lipids,

™ T v AT PA- Intenuity
Syulnke B 04E |-072 14 1.7) =037 |- 13 a 01H) 121 e 321% 334 |-036 10 1.0) =13 (—03 1w —43*
(Diaxinbc BP LI (=027 g Qu0dl 007 | =007 o OIS OT L0713 b 008 004 (=01 $a 0d] Q3 |- 1.0 ka0
Toial Chakasienal =007 {—017 s D09l =007 |-002 o & 003 (—00E s 071 O |- 002 1 LTS =212 1-233 to 00F
MOL-C 0.0 {-0403 10 003} 001 (-0 b B0 000 (00 o B01)  Cu30 |—0u32 10 003 05 .03 na 1,000
Trighwaricas Ou0S {= 03 10 013} =00 (=001 10 003 00 003 sa 1) Q02 |~ 00% 1 00T =008 =G0 1 Q08
L 003 -0 10 005 Q07 -8 b 015 00z (—00% s 400 S8 |-002 1o 108 =815 [-229 to —00N"
Total ChalHOL-C —003(-01E s DT1T D05 [—0u06 bo 1T 01 (100 10 020)° Q7 |-G o D14} — 028 |-050 to 006
Dt are geisinnid o anstandandned fara -Cooficents 5% confdiencs interall faa -Coefckns mses the rdationdhip b il and physcal
activity wariskles [N wath she AP and bipid D] q for the oo Ihuslh!hghefﬁehnlwedthslrnﬂg«ih!mdwmm mlaticnshp
[t the Vs and D0y TV < celesdsion vizwing in F L'I'arh_ = tirvez iy hiowrstcday: WG = video gameplaving in hoursidey; 5T = screen time in

ancl s,

g 2% Each inew g sedertary k

ol 10137 fournal poee DO2EG43 0003
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| ot P lmmariny = Flaysical Activity bbansity scoes, with 1- Eight, T=sialimala, 3 =vigoinus
y igrmeny 15 om BP and bpkds controlled for s, mather and father's highe level of
education, sexual maiurity, age, BM, total calorc Imizke (kcal) and % cakores In diestary fat. phoesdoal acthicy durstion and Inierality and 3 sea < sedentary B=haviow
et Far hi cra of PA inlofaily, doreon Bime wak Sl o s dedenlary Boboriour Bacau il B an aggeg it
amn xPA infenuty inberaction wan included in the regression amquation, Besadty. of regeeasons dor P8 choration and 8P pnd bpich are prasented in l:lerruFreniI! sectinn

ool My of il s i v,
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independent relationships berween T viewing and bochembacal
markers of mebolic and CWI sk in children and adolescents
[12-14.24]. though no all have found these relationships [15]-
Tt dliserepant findings are undikely 10 be due go dilferences in
abealute time spent in cther bype of sedentary behaaour or
varation since the mean values for time spent in TV and seated
videa gaming i the correm sty was similar, 8 owas the
variability. However, our sample was comprsed of overweight and
obese adolescenss rather than a mationally represeniative samphe
[24], s W is possible these dilferences in sample characreristics
okl explaim, m part, the discrepant firdings.

Liven the novelty ol the Andings, it is diflicult 1o speculase what
mechanizms may fnk vides game use w0 high BF and morne
atverer liphl profiless however, a Fow possible explanations are
oflered. Simidar o 1Y viewing., observational stwdses showed an
assiwciaion hetween video mame playing and chesity in vouh [1%
2], Well-comralled ermsover labaratory sescarch dieates that
video game playing was associabed with an increase in spontaneous
food make of energy dense snack fonds compared te resting
condiions [F2,25] which may have an adverse impact on obaesiny,
BF and lipid profiles. Even though various dictary. measures
(percent of calories from e and woal caboric imake) were adjusaed
fisr b this spudy, residual confounding may have sill been present,
although unlikely given we lound no asociaison bebween Tood
imake and the BF and Gpid measures. In addition, labomaoony
atnies hawe shoowny than seaned widkeo game plaving aouehy canses
inereased heart rate, elevated systohic and diastolse BF, mereased
symipatheisc wone and mena] workload compared e mest [22],
pr-r']mpn. et the excitement, sress o coneemration wquin,-d
fier effecinve gaming. Groen that these aseciatoms between scaed
videa gaming and BF occurred in labortory senings. it is possible
that these elfeces become exacerbaed and e chiromic swhen
vtk s are plied Trequenthy over tme as ohserved in our
study. It is alse possible that the self-reporimg of gaming was more
accurate than ather screen behavisurs sinee gaming may  be
plaved in discrere bous e are more distie amd memorable,
whereas i may be mare diflicult v acourately quantify time spent
watching % or compurer use because they may he mone
susceptible w periodic erropiom,

Samilar bo previoas stodses |15, 16,2820 PA intensity in this
stufy, primarily that perdformed ar moderatesposvigommas-intensiny,
was assonianed with lower BF and more Gvourabile ipld profile
befiore and alter adjustment for confoanders, including secemary
behaviour. However, duration of P, defined as time spent in P
per day, wias ol associated with BP or lipids belore adjusimen,
anel was omly asociated with total chalesteral/HIDMLAC ratio after
afjustment, indicating thar PA imensity rather than duration of
PA may be more closely sebaed oo lower BP and more
fvourable lipid profile in this popolation. In addition, these
lindings highlight the rotion that sedentary behaviour amd FA ane
dtinetr constrcts thar may have different mechamnisms in o
they relave w0 health aucomes [50].

Limitations and Strengths

This stuidy has several sirengths and lmiations. YWe uidlied a
xamplr of owverweight and obese adobescens volumecring for
exereise mbervention, thus w18 ascertam whether our findings: can
be generalised o overweight and obese adodescents o the
comminity. In addivon, rime E in sereen timee behavionss
anl P abursation aoned mibensity waere meared by sell-neport which
may introduee inacouracies and bias in ovouth, whereby PA s
genegally over repomed and sedentary belaodour is under reponted
[30], anel it is pessable thar algective memsures of e behavdours
may have resulied in o dilerent paitern of resilis. Another
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bmitation is the cross-sectiomal design, which lmits the abiliey o
make cawsal mferences about the relaticnships ohserved. Alkea,
makes spent more rimie viden paming than females, bur malkes oaly
comipriscd about 30% of the sample, thus it = possible that sex
differences between seated video games and BE and lipid profiles
may have been derected i the samiple was more halaneed on sex,
thus future rescarch s needed to test the veracity of this ypothesis,
Regarding the mbalance in sex in the current sy, i is possible
that males  pereeive chesity 1o be a problem warraming
mtervention only at greater degrees of abesity, perhaps explaining,
i part, that maks wended 10 have more sdverse BF asd Bipad
profiles than femmales,

Srengibs of this susly mclude an assessment of the theee
primmary forms all secdemtary sereen time bebaviours (seated video
games, 1V and recreatonal compuier imme], whereas previous
studlies in the pediaric populagion examining the relaionship
bevween tvpes ol sedentary belsdour and sk facvors ol chronic
disease only included 1Y amd computer time [17.24.25]. Cur
stucly highlighes the imporiance of measuring seated viden gaming,
which barge surveys show has mass apgeal o wenagers (18],
esprcially males, and our data also rellect the popalarity of video
AT given e spent in ganing wos comparabde w TV viewing,
Ohur sty b= alao the Tirst e examine the asociabions betwesn
seceneary sreen time behaviours and BIP and lipid proliles inan
overweipht and ohese adolescent mmph—._ swhio i an increasen risk
al CVIF and premature mortakity in adulthood compared o their
normal weight peers [8,5%). Addivienally, the present stady inchudesd
thee brosadest spectrum of BP and lipid measueres a5 a prosy for
wsessing UV ek factors compared 1o other sodies [12-16],
Assessing the full speciram of BP and lipids i imporam becaose
these CVIF vk Bactons in adolescence rack ina sdualthood 7],
amcl heart disease and stroke ane still leading canses of morbadsy
ami premature moetaliny [32). Lasily, the carent sty inclsded o
comiprehensive st ol covariates thar statistically comralled for
several conlounding variables, strengthening the muernal vabidsty
af the fndings.

Conclusions

T the best off our knowledge, the presem sasdy i the fivs v
demonstrate that seated vides gamimg is associabed with inereased
BF and bpids in a sample of everweighe and obese adolescenas,
after conralling for adipasivy, caboric mnake, dicvary Tar intake, A
duration and imtensity and syveral other mporiant confouncers.
O resules provide nher supipon far che puldic healih guidelines
recomimending that children and vouth imic thelr sedentary
behaviour, especially soreen time behanviours | 33.34]. Oar fincings
provide suppent for reducing tne speon playing seatesd vides
e as A posilde meas o promsate e and prevem GV in
this high risk group of overweight and ohese adolescents, Fature
research s needed w fise replicare these novel findings an«d
subserquently am o clucidate the mechanisms hnking seaned video
gaming and clevaved BP and lipeds in o high risk sample ol
cverweight and abese vaimh,
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The association between accelerometer-measured
patterns of sedentary time and health risk in
children and youth: results from the Canadian
Health Measures Survey
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Abstract

Background: Self-reported screen time i assaciated with elevated health risk in children and youte however,
research examining the relationship between accelerameter-measured sedentary time and health risk has repored
mixed findings. The purpose of this study was to examine the association beteween accelarometsr-maasured
patterns of sadentary time and health risk in children and youth.

Methods: The results are based on 1,608 children and youth aged & 10 19 years from the Canadian Health
Meaiures Surey (2007 -2008), Sedentany me was measursd using the Aciical accelencaeter, Breaks in sedentany
tirne and pralonged bowts of sedentany time lasting 20 to 120 minutes were dedved for all days, weekend days amd
during the after-school periad (e, after 3 pm on weskdays). Regression analyses were used to examine the
aszociation between patterns of sadentary time and body mase index (BMI), waist circumference, blood pressune
and non-HDOL cholesterol.

Results: Boys accumulated more sedentary trme an weekdays after 3 prnand bad 3 higher rumber af beiaks in
sedentary Tirme coongpared to girls, Cueneseighifobese boys (a0ed 619 years) acoemdated more sedentary time afer

3 e on o weskcdays (32 w5, 259 min, p< 05 and as prodonged bouts [3sting at keast 80 mémutas (177 w5, 133 min,

< 051 compared to boys who were neither ovenwelght nor obese. Prolonged bouts of sedentany time lasting at least
B0 minutes acoumudated after 3 pm on weekdays were positively asscciated with BRI and waist circumfierence in boys
aged 11-14 yaars (p < 00E). Each additional &0 min of sedentary time after 3 pm on weekdays was assocdated with a
1.4 kigm 'hy ghier BMI aned a 3.4 crm higher waist circumferesae in 17=14 year akd boys. Mo sedentany pattern variabhes
differed betwesn girls who were not overasighit or abese and those who were averwsight/obese and nore of the
sedentary pattern variakbles were associated with any health markers in girls

Concluslons: The findings confirm results of ather studies that repored accelerometer-measured sedentarny time was
not assodated with health risk in children and youth. Even when the pattemn and timing of sedentary time was
examined nzlative ta health markers, few associations emerged and werne limited to boys aged 11-14 years.

Keywords: Behandour, Breaks, Bouts, Physical activity, Pediatric
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Background

Thie association between sedentary behaviour and health
risk in children appears to be influenced by how the sed-
entary behavieur B messured, delined and categorized.
Several studies have reported significant associations be-
tween self-reported screen time and increased risk of
obesity and cardio-metabolic disease risk in children [1-4],
However, screen time provides a limited perspective on
total sedentary time because it is only a sub-component of
a behaviour that is defined as encompassing "any waking
behaviour characterized by an energy expendinure =1.5
METs while in a sitting or redining position™ [5], Further,
self-reported data relating to lifestyle habits may be lim-
ited by bias and recall diffioulties [6.7].

Accelerometers are mow cnmm:mhr used o objl:q;tiﬂel‘:,-
measure tal sedentary time, and have the capacity o
also derive the pattern and timing in which it 1s accummu-
lated. In contrast to self-report, associations between
accelerometer-measured sedentary time and health risk
in children have been mixed with some studies reporting
signiﬁ.{:ant associations [R-10] and others not [1,11-16].
Studies that collected both questionnaive and accelerom-
eter data on sedentary behavioustime found an assoct-
athon between self- or parent-reported screen time and
health risk but no asseciation between accelerometer-
measured sedentary time and health risk [1,14,15), The
only studies reporting significant associations between
aecelerometer-measured sedentary time and health risk
did not adjust for moderate-to-vigorous physical activity
(MWVTA) [8-10] or reported that the significant associa-
tions existed in wnadjusted models but were attenuated
when MVPA was controlled for [13,16]. Some engage-
ment in sedentary behaviour is inevitable in the day (eg.
Eﬂlil‘l“, r:];ucinﬁ, homework, school H.s.:l, however, it is
presently unknown how muoch sedentary thme s too
much. Inevitably, there ks varlation bebween people in
the lemgth of time they engage in sedentary behaviour
bouts {i.c. prolonged periods of sedentary time} and
how often these bouts are interrapted by activity. Re-
search in adults suggests that the pattern of accumula-
tion of sedentary time is important to consider in
relation to health rlsk.

The inconsistent findings  between  accelerometer-
measured sedentary time and health risk among children
and vouth have led to the examination of more sophisti-
cated sedentary time vardables. For eumplu.. it has been
proposed that the pattern in which sedentary time is ac-
cumulated may provide insight beyond what has been
observed to-date using the total volume of sedentary
time [17]. Others have attempted this approach in adults
and children; however, the sedentary pattern variables
have been limited to breaks or interruptions in sedentary
tigne [17] and engagement in prolenged bouts of seden-
tary thme lasting up to 30 minutes [1]. Further, studies
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examining how the pattern of sedentary time relates to
health risk in children have not considered the impaort-
ance of periods of discretionary free time separate from
the whole day in children [18-20]. The present study
sought to build wpon this work by extending the length
of the prolonged bouts up to 2 hours and by examining
these variables during periods when children and vouth
typically have free time, In other words, this study sought
to identify novel sedentary pattern variables that were
more representative of how childeen and youth typically
engage In sedentary behaviour.

The purpose of this study was to examine the associ-
ation between accelerometer-measured patterns of sed-
entary time and health risk in children and vouth
SFH:iﬁ:a“].-, this stud}- examines whether breaks in sed-
entary  lime  and  sedentary  time  accumulated  as
prolonged bouts during perbods of discretbonary free
timwe in children (Le., after-school and weekends) have
stronger associations with health risk in children when
compared to average daily sedentary time across the
woek, We h:.'pnthc_!:im that 5rd.enlar|.- time acewrmuolkated
during periods of discretionary free time will better dis-
criminate berween childeen engaging n healthy and wn-
healthy levels of sedentary behaviour when compared to
simply examining overall sedentary time,

Methods

Diata source

The Canadian Health Measures Survey (CHMS) col-
lected data from a natlonally representative sample of
the population aged & to 7% vears living in private house-
holds at the time of the survey. Data were collected at
15 sites across Canada from March 2007 through Febru-
ary 2004, Ethics appn:n:l was obdained from Health
Canada’s Research Ethics Board [21]. For children aged
f—13 vears, written Informed consent was obtained from
a parent or legal puardian, in addition to written in-
formed assent from the child: youth aged =14 years pro-
vided independent consent. OFf the houscholds selected,
HOA% nsmed ko participate. o that group, 83.5% of the
selected 6-19 year olds completed a guestionmaire and
B6.9% of this group partleipated in the moblile examin-
ation centre component. OF the children and youth who
agreed to wear the accelerometer and returned the de-
vice, 87.4% had at least one valid day of data, and 76.3%
had at least four valid days. These multiple stages of re-
sponse can be multiplied together [696% < BES% »
BEO% « TE3%) to provide an overall response rate of
HLE%. Adjustments were made at each stage to manage
any potential non-response bias. The data were then
weighted to be representative of the Canadian popula-
tion, More extensive details of the CHMS [22]) and direct
measuremnent of physical activity in the CHMS [23,24]
are available elsewhere.
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Study procadures

Lipon completion of the mobile examination centre visit,
ambulatory respondents were asked to wear an Actical
sccelerometer (Phillips - Respironics, Oregon, USA)
over thelr right hip on an elasticlzed belt during thelr
waking howrs for seven consecutive days, except when
the device could get wet. The Actical measures and re-
cords time-stamped acceleration in all directions, pro-
viding an index of physical activity intensity. The Actical
has been validated to measure physical activity in chil-
drem [25] and cut-polnts for sedentary Intensity have
been proposed for children [26]. The accelerometers
were initialized to collect data in Gi-sec epochs,

Accelerometer data reduction

Participants aged & Lo 19 years with four or mose valid
days [34], one of which was a weskend day, were in-
cluded in this amalysis (Table 1). A valid day was defined
as having 10 or more hours of wear time [24), Wear
time was determined by subtracting non-wear time from
24 hours. Non-wear time was defined as at least 60 con-
secutive minutes of seco counts, with allowance for bvo
minutes of counts between zero and 100 [24]. For each
minute, the level of movernent intensity was based on
cub-points corresponding to intensity level: sedentary = <
100 counts per minute (cpm) [26]; MVPA = = 1,500 cpm
[25]. Minutes of MVPA and sedentary time were
summed for each day for each participant.

Sedentary time variakles
Sedentary time was calculated for all days, weekdays and
weekend days, The total number of breaks in sedentary
time was summed for each valid day and then averaged
across the week, kedays and kend days. A break
was considersd as an interruption in sedentary thime
{lasting a minimum of one minute) In which there was a
transition in accelerometer count from <100 cpm to =
10001 cpmn.

To be defined as a prolonged sedentary bout, there
had e bee 280% of minutes below the 100 cpm cut-point
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(e.g, 16 out of 20 minutes or 32 out of 40 minutes) [1].
The bout stopped when <B0I% was below the 100 cpm
cut-point or when there were 23 consecutive minutes
2100 cpm or any observations 21500 cpm (cut-point for
moderate Intensity). Sedentary bouts Lasting at least 20,
4, 60, 80, 100, 120 minutes were derived using this ap-
proach. Multiple lengths of sedentary bouts were derived
to reflect & range of different sedentary behaviours such
as watching a television show (30 minutes), watching a
mowie [1.5-2 hours), or playing video games (anywhere
between 20 minutes and 2 hours). The chobee of B0 as
the criteria for sedentary minutes within a bout was pur-
poseful to mimic real-world situations where largely sed-
entary pursuits (eg, watching TV, doing homework) are
often oceasionally interrupted with light activity {eg., to
g Lo washroom, answer the phone, get a smack ete.).

Bady mass index and walst dreurnferencos

Height was measured to the nearest 01 cm wsing a
ProScale M150 digital stadiometer (Accurate Technology
Inc., Fletcher, USA) and weight was measured to the
nearest (L1 kg with a Mettler Toledo V0LC with Panther
Plus termimal scale (Mettler Toledo Canada, Mississauga,
Canada). BMI was calculated as weight (kg divided by
height squared (m®). Children were categorized as not
overweight ‘obese  (which  includes  underweight  and
healthy weight) or overweight/obese according to age-
amd sex-specific cul-points [27]. Waist circumlerence
was measured with a stretch-resistant anthropometric
tape at the end of & normal expication to the nearest
0.0 cm at the mid-point between the last rik and the top
of the ilies crest [28).

Blood pressurs

Systolic and diastolic blood pressure were measured with
the BpTRU™ BP-300 device (BpTRU Medical Devices
Ltd., Coquitlam, British Columbial; an auwtormated and
validated [29,20] electronic monitor that uses an upper
arm cuff. Six measurements were taken at 1-min inter-
vals with the last 5 measurements used to calculate

Table 1 Descriptive characteristics of the sample (mean + standard deviation)

Boys Girls
BioiDysars 11t idyears  15to 9years  Gto10years  11to 14 ymars 15 1o 19 years
Tetal sernpbe Inl 360 56 184 340 248 I
Age (years) B1e1d 12510 17015 Bl+13 123211 CEE
Haight jorml 1335+ 104 15ER£ 111 1756 £ 76 136103 1560 1 73 166167
Wi (kql 15+04 sr1£147 141081 Huxg9 ShEx 118 alt+ 134
Bl thgfm?) 178411 ik 1% e 170211 M4+ 18 Hhead
Wsist cieurmfenence (2l &0 £08 T & 108 Bl 2 0 SPOLES 70 2 100 A L100
WP Gnverage i) i+ 201 55+ 204 5312358 SR04 226 4711 M6 300+ 2340

R boschy et indhes,
MR Precadisane 10- i Qoeois phipshcal aolhiny.
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average blood pressure and heart rate [29]. The devies
automatically inflates and deflates the cuff and uses an
ascillometric technique to calculate systolic and diastolic
blood pressure.

Hon-HOL-Chaolestarol

Won-HDL-cholesterol was calculated by subtracting HDL
cholesterol, measured using a non-HDL  precipitation
method on the Vitros 5,155 (Ortho Clinical Diagnostics),
from total cholesterol [31]. Non-HDL cholesterol consists
of very bow density, low density, and Intermediate density
lipoprotein cholesterol and therefore reflects the choles-
terod content of all apo B containing lipoproteins. Mon-
HDL cholesteral was chosen as the lipid marker because
it is an important indicator of cardivascular and diabetes
risk among chillren and adolescents and is not reliant
upon a fasted blood sample [32] Blood samples were
taken by a certified phlebotomist and were analyzed at the
Health Canada Laboratory (Bureau of MNutritional Sci-
ences, Mutrition Research Division), Other Blood markers
are available in the CHMS; however, the fasting regquire-
ment for some of these measures resulted in o marked re-
duction in the sample size when they are included. To
ensune we had appropriate power for the primary purpose
of this analysis, we included non-HDL-cholesterol as the
sole bood marker.,

Seatistical analysis

Dfferences between sex, age groups and BMI status
were assessed using t-tests. Statistical significance was
set at a p value of 0.05, It is important to note that the
values presented from this analysis in Figures 1 and 2
represent the mean across the week for sedentary time
asccumulated in predonged bouts. In other words, thers
are peros included in the averaging (because not all
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imdividuwals had bouts of each length on all daysh which
in the case of 120 minutes bouts, brings the mean time
accumulated below 120 minutes.

Associations between sedentary time variables and
BMI and walst cireumference were assessed using re-
gression analyses. BMI and waist circumference vary by
sex and change with normal growth and matwration
[27.33]. Age and sex were both significantly correlated
with average daily minutes of MVPA and age was signifi-
cantly correlated with avesage daily minutes of sedentary
time. Therefore, all regression analyses were completed
separately by sex and the following age categories: 6—10,
11-14 and 15 to 19 years. The choice of age categories
was based on the sampling design of the CHM3. Linear
m“miﬂ)n I'I'Hldl.‘l* WeTe ran Klﬂl'lﬂﬁtrﬂl:" Fur I.'II.'|1 SEX i|l1d.
age grouping and were adjusted for age, average daily
minutes of MWVEA on valld days, and accelerometer wear
time. The wear time adjustrment was specific to the time
peried being examined. For example, the models for
weekdays after 3 pm where adjusted for wear time on
weekdays after 3 pm. Eight separate regression models
(sedentary time, breaks in sedentary time, prolonged
bouts lasting at least 20, 40, &0, 80, 100, 120 minutes)
were run for each time period: overall, weekdays after
3 pm and weekends, The p-value to reach statistical sig-
nificance in the linear regression analyses was adjusted
for the number of models run. In other words, to reach
shatistical siHniI'ir:.inr.'e. thie regression g values had to ba
less than 006 [Le., 0058 = (L006).

All statistical analyses were performed using SAS vl
(SAS Institute, Cary, NC) and were based on weighted
data (to be representative of the Canadian population
andd fo account for non-response bias) for respondents
with ab least four valid days, To account for survey de-
sign effects of the CHMS, standard ercors, coefficients of

g

pa
8

g

4 F B

(=]

bouts after 3pm on weekdays (minid)

20 40
Mirimum sedentary bout length {min}

Sedentary time acoumulated in

and cverseight ar obese,

= Haaliny Waighl Boys = Ovarwaight or Dhase Boys
Figure 1 Sedentary time accumulsted in prolonged bouts after 3 pm oon weekdsys in bays. *significam diference betwesn heatty weight

L] 100 120
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[
i
Egm-
200
-
_i&‘m
1
iiu-m'an'm'm'm
Minimum sedentary bout length {min}

u Healfry Waighl Girls 8 Cvarwaighl or Dbesa Girls
Figure 2 Sedertary time accumulated In prolonged bouts after 3 pm on weekdays (v girls.

variation, and 95% confidence intervals were estimated
using the bootstrap technique [39-36]. Overweight and
obese were collapsed into one category because we
lacked astatistbcal power to compare nob overwelght!
obese (Includes healthy welght and underweight), over-
weight and obese as 3 separate categories,

Results
Descriptive characteristics of the sample are provided in
Table 1. The analysis is based on 1,608 children and
vouth between the ages of & and 19 vyears. The sex
split was even between boys (n= 809, 30.3%) and girls
{n =799,

Sex and Age differences

Sex and age differences are presented in Table 2. On
average, bove acoumulated 508 minutes per day of sed-
entary time while girls accumulated 524 minutes per
day. Boys accumulated more sedentary time on week-
days after 3 pm compared to girls, while boys had a
lower number of breaks in sedentary time per day com-
pared to gids. Sedentary time was higher in 11-14 year
olds and 15-19 year olds compared to children aged 6—
10 vears, Girls aged 15-19 years accurnulated more sed-
entary time overall and after school compared to boys of
the same age.

Body mass index differences

[rifferences by BMI status are represented graphieally in
Figure 1 for Baove and in Figure 2 for girls. Overweight
and ohese boys accumulated more sedentary time after
3 pm on weekdavs when compared to boys who are not
-;_wrnwiahi_-'nhr:sr {Table 2). {'hrrrwr‘iﬂhr and olbese hn:.rs
arcumulated more sedentary time after 3 pm oon week-
days as prolonged bouts lasting at least 80 minutes when

229

compared to boys who are not overweight/obess (171 vs,
133 mind ) (Figure 1) No sedentary time variables dif-
fered between ﬁ,ll'l.'i whin are -:ntrweiﬁh!.l’ul:l:m: and thaose
whio are not overwelght or obese (Table 2; Figure 2}

Regression analysis results

Prolenged bouts of sedentary time lasting at least 40 -
minutes, after 3pm on weekdays, were positively associ-
atesd with waist circumberence (B= 223 g« 006) while
prolonged bouts of sedentary time lasting at least BD -
miknutes was positively assoclated with both BMI (B = 0.72,
B 006 and waist circumference (B =176, p < 00&) in
boys aged 11-14 years, Each additienal 60 minutes of sed-
entary time accumulated during the after school period
was assaciated with a 1.4 l:|:g-r|'|.'2 higher BMI and a 34 cm
higher waist cieeumberence in 11-14 year old boys. Num-
ber of Breaks in sedentary time, after 3pm on weekdays,
was negatively assoctated with wakst circumference (= -
4,04, p< 006} in boys aged 11-14 years, Mo sedentary
time variables were significantly associated with BMI or
waist circumberence in girls of any age or in boys aged 6=
10 ar 15—19 pears. Mo sedentary time variables were aso-
ciated with blood pressure or non-HDL cholesterol in
boys or girls, The full results from the regression analyses
are available as Additional file 1: Tables 51, Additional file
% Tables 52 Additional file 3: Tables 53, Additional file 4
Tables 54, Additienal fike 5 Tables 55,

Discussion

The objective of this study was to examine the associ-
ation between acoelerometer-measured  sedentary time
and health risk in children. Our analysis supports previous
stuchies that found few or nor :iﬂn:iﬁq;nnt asmociations be
pween acceleromeler-mesured sedentary lme and health
visk in children [1,10-16]. This study s novel because it
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Table 2 Descriptive sedentary time results (mean + standard deviation], by age, sex and obesity status

Sedentary tims  Sedentary time on weekdays after Sadantary tims on

Erpalks in sedentary teme per day

rnindd] 3 pm (mindd) weekends Imintd) |namber’d}
Boys SO7.5 & 908 265.5 4+ 658 490,54 1145 2122116
Ao
6t 11} pears HE5LTA5 212EL520 05 £ 1001 Bed 2 103
1t 14 years 5240 £ 769 g sEn” 5032+ 1033° 2112
15 101 19 years 5539 £ 770 0T 47 5330+ 1764 B+ 136
[0
Mot ovenwesgh o F99 + B4 g 1594 £ 63T 4817+ 1150 E2+113
[
Chenweichl o SHTELBAE I FLERT S0+ 2200 B0 £126
i
Girls S5I3EL916 TN EETS 403,61 106.7 B54111.7
A
& 10 s 4an 1 £ 729 54 £521 4307 + 30 Bt 104
11 ba 14 years SIA 4 ALET D ey G032+ &5 BAF 1057
15 b 19 e SED) e B4 63 4475 304 4 10607 B2 136
AT
Mol cvenesiohT oF G235+ 013 27T+ 683 644107 E5I+ 115
[oa 0o
Chee s gt or ErCN R R FAEIIE S ) 4500 & 100 Bnd+12s
[t

'_minunrh difarne 10 estimane ko gids Ip « 051

sgrificantty diferent o etimate for & 10 year ol of wme e |p < O8],
T sgnificently different to estimate for not ceerwseight oF obese |p < 05).
B, ecay raris inedaa.

included a wider range of sedentary time variables than
what has been previously considered that characterize the
timing and patterning of how the sedentary time i acou-
mulated, Further, the sedentary pattern variables wers
designed b be mare reflective of real-workd sedentary be-
hawviour. For example, a lmited number of shost transitions
into light activity were allowed to reflect veal-life situations
where individuals are sedentary for long periods but move
around oocasionally (ic., to go to the washroom or answer
the phone). Despite the inclusion of more comprehensive
sudmi:r:r pattern wariables, this !.‘I.'I.H‘l!.' Fewamel fiw .-:iﬁ_nil"r:mnt
relationships with health sk and the associations observed
wire Himited to boys aged 11-14 vears.

In theory, excessive sedentary time s associated with
negative health outcomes [4,37] and self-reported screen
time is associated with elevated health risk in children
[1-3]; however, the way we currently measure sedentary
tite with accelerometers does nol consistently support
this link. To date, the research linking acceleronsetes-
measured sedentary time with health risk armong children
and youth has been mixed. It is therctore unclear whether
a relationship exists enly in some populations or if differ-
ences in analytical approaches explain the inconsistencies
observed. There appears 1o be more evidence supporting
a back of relatonship between accelerometer-rmeasured
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sedentary time and health risk in children and youwth
[L,11-1%] than there is supporting a relationship [8-10].
Adjustment for MVYPA appears to attenuate significant as-
sociations  between  acoelerometer-measured  sedentary
time and health risk [13,18], suggesting that MVPA is
more powerful than total sedentary time at explaining the
vartance in health risk in children and youth. In our un-
adjusted regression madels, sedentary time was associated
with BMI and waist circumberence in boys aged & o 14
and girls aged 6 to 10 years; however, after adjustment for
MYPA, these asociations remained xiEnifu::nl anly in
11-14 vear obd boys.

In 2008, Healy and colleagwes published a paper that
reported a significant association between number of
daily breaks in accelerometer-measured sedentary time
amdd boweer metabolic risk in adults [17]. This work led
researchers to question whether it is the pattern of how
sedentary thme 5 accumilated, rather than simply the
total volume of sedentary time, which matters for health.
Do frequent interruptions in sedentary time attenwate
the health risk that sedentary time imposes? Does this
relationship apply in both children and adults? Carson
and fanssen found no significant associations bebween
breaks in sedentary time or prolonged bouts of seden-
tary time lasting 30 minutes with cardio-metabolic visk
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factors in a large sample of American childrem [1], Mum-
ber of breaks in sedentary time was only associated with
waist circumference in 11-14 year obd boys in the
present amalysis, We included an additbonal layer of
complexity by examining sedentary time, breaks and
profonged bouts of sedentary time during periods of dis-
cretionary free time: weekends and after school, We hy-
pothesized  that sedentary time  accumulated  during
these periods would better discriminate between chil-
dren engaging in healthy and unhealthy levels of seden-
tary  behaviour when compaved to simply examining
overall sedentary time. We observed no significant asso-
ciations between the patterns of sedentary time accumu-
lated on werkends and health risk in children; however,
SCHTIE r\e:|atiq_m=]1i|1$ i.-.rrherpﬂ‘l when we examined seden-
tary time accumulated during the after school period.
Interestingly, we only observed significant assoclations
in boys aged 11 to 14 years of age when the regression
masdels were adjusted for age, MVPA and accelerometer
wear time.

It is difficult to speculate why we observed significant
findings in boys and not gids I8 is possible that more
overwelght and obese bovs in this sample were engaging
in prolonged bouts of sedentary time after school, & fnd-
ing consistent with previous research that has found that
bovs spend considerably more time in specific sedentary
behaviours such as video game playving [38-30]. Average
daily sedentary time and weekend sedentary time did
mot differ between boys and girls while sedentary thme
accumulated after 3 pm on weekdays was higher in boys
compared o girls {277 ve, 266 minutes). Significant dif-
ferences between boys who are not overweight/obese
and overweight fobese boys were observed in the seden-
tary variables; however, no such differences were ob-
served in gitls. For example, there was virtwally no
diffevence in average dally sedentary time between girls
wha are not overweight/obese versus those who are {524
vs, 525 min-d ') while & more marked difference existed
between boys who are not overweight/obese  versus
those who are (500 v= 528 mind ). In Figure 1, a dis-
tinction between boys who are not overweight/obese
and those who are can be observed across all bout
lengths: however the difference is only statistically sig-
nificant when the bout length ks at least 80 minutes long.
By comparison, no difference is noticeable by over-
weight fobesity status in gicls and there i more cross-
over in the error bars in gicls (Figure 2). Similady, no
skgnificant assoclatlons emerged In girls in the regression
analyses while in 11-14 year old boys, prolonged bouts
of sedentary time lasting at least 80 minutes, accumu-
lated during the after school period were associated with
bath BMI and waist circumference. Explaining why sig-
nificant associations were observed in 11-14 year olds
bowvs but not those who were 6—10 or 15-19 years s not
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casy, In a large sample of US children, Sisson and col-
leagues observed an increase in screen time with age
fram 2 to 15 years [41]. In the Health Behaviour and
School Aged Children Survey, the Canadian data show
that screen time increases from age 11 to 15 vears [42]
with the peak ocourring in grade % {approximately 14 -
years) [43), These large data sets suggest that the 11—
14 year odd age group may be an age range where screen
time habits change significantly, thus increasing the
amoant of varation (and likelihood 1o fnd significant
associathons) lm this varfable

The lack of evidence linking accelerometer-measured
sedentary time with health risk in children is counter-
intuitive given the consistent observation that screen
tome, a k-u:.r contributor to total s-edr.nt:.r]r time, i associ-
ated with health risk [1-4). One of the fundamental dif-
ferences  between  self-reported  screen  time  and
objectively measured sedentary time is that the former is
capturing one specific activity while the latter is captur-
ing screen time in addition to many other sedentary be-
haviours. Much of the time accomulated as “sedentary”
represents normal aspects of day-to-day life therelore
capturing every minute & day that s sedentary, as ac-
celerometers do, may dilute the assockations between
specific sedentary behaviours {e.g., watching television}
ared health risk. It is possible that some forms of seden-
tary behavior {eg., screen time, long car or hus travel)
are associated with negative health outcomes while other
forms of sedentary behavior (eg. eating, reading, resting,
sockalizing etc.) are not. Similardy, data reduction proce-
dures used in accelerometry analysis (e.g., 10 hoor wear
timwe  criteria) were developed  to accurately  capture
MYPA and whether they are appropriate for sedentary
behaviour research questions is unknown. For example,
it has been suggested that wear time has a dispropor-
thomate impact upon estimates of sedentary time com-
pared with MWVPA [44]. Teasing out which sedentary
behaviours beyond screen time are associated with nega-
tive health outcomes represents an important area for
future research.

The sedentary behaviowrs that ave of known public
health concern in childven and vouth (eg, excessive
levels of screen time) typically last for extended periods
of time (ia, up to several howrs at once), This reality
was the motivation behind the way prolonged bouts of
seclentary time were defined in the present analysis. Had
we used a strict definition of what ended about (e, any
transition out of sedentary) then our longest bout length
would have been wery short (e, 100 minutes) and thus
not representative of one of the key sedentary behav-
ipurs that we were interested in capturing. The allow-
ance of a modest amount of light intensity movement
within the prolonged sedentary bouts was therefore pur-
poseful and allowed much longer bout lengths to be
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examined (up to 2 hoursh. Number of breaks per day,
also assessed in this analysis, is an important aspect of
sl.-d-enlarr behaviour patberns. Given that we and others
[1] have ot consistently observed significant associa-
tions between number of breaks per day and health risk,
it is important to look at altermative pattern wvariables
such as profonged bouts, Further, the extension of bout
length in the present analysis was important to build off
the only other published work that examined prolonged
bBowls wp Lo 30 minutes in children and youth [1].

It & possible that the true health effect of sedentary
time is attenuated by limitations with the data and ana-
lysis. Possible limitations that dilute the possibility of ob-
serving a true relationship include: i) the cross-sectional
nature of the data, ii] TN TES T bias, m} the pussih:ﬂ-
ity that the findings in 11-14 year olds boys reflect Type
1 error. As described in the methodology, the non-
response bias is adjusted for in the data. “We attempted
tor minimize the likelihood of Type 1 ervors in the re-
gression analyses by adjusting the pevalue for signifi-
cance from 05 to 006 Chher limitations include the
lack of ability to confirm precisely when children were
finkshed school. "We examined the perbod after 3 pm on
weekdays [45] based on the assumption that most kids
wirild finish school sometime between 2-4 pm. Acceler-
ometers are limited in their akility to capture postural
changes (ie, cannot differentiate between sitting and
shndinﬁ:l and are therefore limited in their ulililir.'r (15}
measure sedentary before as well as other tools which
encompass an inclinometer in addition to an acoelerom-
eter, Mo significant associations were observed between
sedentary time variables and Blood pressure or non-
HIL cholesterol and this may be due to it likely being
mare difficult to detect meaningful differences in bio-
markers in children and youth than adults because
vounger pesple are more distal to pathophysiological de-
veloprments, A similar examination on a population of
high-risk children [e.g, overweight or obese or with a
family history of cardio-metabolic disease) may lead to
different ﬂndins;i as these children would be more Hbt:l‘:,'
e exhibit abpnormalities in blood markers and blood
pressure. Finally, examination of interaction and con-
founding effects was limited because the numbser of vari-
ables (including interaction terms) that can be tested
within the CHMS data set is limited by the svailable de-
grees of freedom.

Conclusions

Sedentary time accumulated during the after school
period was associated with BMI and waist circumfer-
ence, independent of MVPA, in boys aged 11 to 14 years,
Mo sedentary behaviour variables were independently as-
sociated with any health markers in older or younger boys
ar ogirls of any age. Future studbes should consider
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examining more comprehensive sedentary time pattern
variables when attempting to ehacidate the relationships
hetween sedentary time and health risk in children and

yenuthe.
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