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Abstract
Background: Television (TV) viewing is consistently linked with chronic
conditions, such as obesity and metabolic syndrome, in adolescents. However,
associations with other sedentary behaviours, such as total sedentary time and bouts
of sedentary time, are less clear. Given dietary intake is associated with TV viewing,
dietary intake could partially explain why TV viewing is consistently related to

cardiometabolic health outcomes.

Aim: The overall aim of this thesis is to explore the role of dietary intake in the
relationship between various sedentary behaviours and cardiometabolic risk markers
in adolescents. To do this, four studies were conducted to specifically address four
main objectives: Study 1) Examine the cross-sectional mediating role of dietary
intake on the relationship between self-reported TV viewing, body mass index (BMI)
and metabolic syndrome in U.S. adolescents; Study 2) Examine the cross-sectional
mediating role of dietary intake on the relationship between total volume and bouts
of sedentary time (accelerometry measured), BMI and metabolic syndrome in U.S.
adolescents; Study 3) Examine the cross-sectional and prospective mediating effects
of dietary intake on the relationship between self-reported TV viewing , total volume
and bouts of sedentary time (accelerometry measured) and BMI in Australian
adolescents; and Study 4) Examine the role of dietary intake (high-energy diet versus
standard-energy diet) on the relationship between uninterrupted sitting, sitting with
resistance-type activity breaks and postprandial glucose in apparently healthy

Australian adolescents.

Methods: For Studies 1, 2 and 3, mediation analyses were conducted to examine the

role of various dietary mediators (e.g. total energy intake, fruit and vegetable intakes,
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consumption and frequency of discretionary foods and sugar-sweetened beverages,
and diet quality) on the relationship between different types of sedentary behaviours
(e.g. TV viewing, total sedentary time and bouts of sedentary time) with BMI and
metabolic syndrome. For study 4, participants completed a four-treatment cross-over
pilot trial: 1) uninterrupted sitting and consumption of high-energy diet; 2) sitting
with breaks and consumption of high-energy diet; 3) uninterrupted sitting and
consumption of standard-energy diet; and 4) sitting with breaks and consumption of
standard-energy diet. Linear mixed models were used to examine differences
between postprandial glucose area under the curve (measured via a continuous

glucose monitoring system) for each of the four conditions.

Results: The findings from Study 1 showed sugar-sweetened beverage consumption
and fruit and vegetable intake partially mediated the relationship between TV
viewing and metabolic syndrome in adolescents by 8.7% and 4.1%, respectively.
However, no significant mediation effects were observed for the relationship
between TV viewing and BMI. In both Studies 2 and 3, none of the dietary variables
examined mediated the relationship between total volume and bouts of sedentary
time with BMI and metabolic syndrome, both cross-sectionally (Studies 2 and 3) and
prospectively (Study 3). Lastly, findings from Study 4 showed, compared to the
uninterrupted sitting conditions, interrupting sitting with resistance-type activity
breaks had a significant effect on lowering postprandial glucose for both dietary

conditions by ~ 36 mmol/L .

Conclusions: TV viewing, but not total volume or bouts of sedentary time, was
positively associated with BMI and metabolic syndrome. Although some partial

mediation effects were observed for Study 1, the combined findings from the four
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studies showed dietary intake did not play a major role in the associations between
the various sedentary behaviours and cardiometabolic risk factors examined. Further
observational and experimental research is needed that assesses dietary intake
concurrently with sedentary behaviour in order to confirm the role that dietary intake

plays in the sedentary behaviour and cardiometabolic health relationship.
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List of abbreviations
The following abbreviations have been used in the current thesis. To note, there are
discrepancies between the chapters that are not published (e.g. the Introduction and
Discussion) and the chapters that have been published as manuscripts. Where
possible, the Introduction and Discussion Chapters have avoided the use of the non-
standard abbreviated terms, whereas the manuscripts have used the abbreviated

versions that are outlined below:
BMI - Body mass index
BMI zscore — Body mass index z-score
CGM - Continuous Glucose Monitoring system
CPM - Counts per minute
FFQ — Food frequency questionnaire
HEI — Healthy Eating Index (score)
MetS — Metabolic syndrome
MVPA — Moderate-to-vigorous physical activity
RTLS — Real-time locating systems
SSB - Sugar-sweetened beverages

TV — Television (viewing)
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Confounding factor —

Covariate —

Mediator —

Sedentary behaviour —

Sedentary time —

List of definitions

a variable that influences both the
dependent variable and independent variable causing a

spurious association

a variable that is possibly predictive of the outcome

under study

a variable that can explain the relationship between the

dependent and the independent variable.

any waking behaviours characterised by low energy
expenditure (< 1.5 metabolic equivalents) while in a

sitting or reclining posture.

overall time spent being sedentary is examined (e.g. by

accelerometry)
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SYNOPSIS

An abundance of evidence consistently shows sedentary behaviour is associated with
an increased risk of obesity, metabolic syndrome, type 2 diabetes and cardiovascular
disease in the adult population. However, less is understood about the
cardiometabolic health effects of sedentary behaviour in the paediatric population.
While it appears there is a consistent link between television (TV) viewing and
obesity in children and adolescents, associations between obesity and other sedentary
behaviours such as total volume of sedentary time and bouts of sedentary time are
less clear. Given these mixed findings, other lifestyle behaviours, such as dietary
intake, may contribute to the differences in associations observed. While numerous
studies have reported consistent links between TV viewing and dietary intake, little is
known about the role of dietary intake in the relationship between sedentary

behaviour and cardiometabolic health outcomes.

Therefore, through a combination of literature reviews, secondary data analyses and
original data collection, this multidisciplinary thesis-by-publication aims to improve
our understanding of the role of dietary intake in the relationship between sedentary
behaviour and cardiometabolic health outcomes in adolescents. It is important to note
that, while the evidence in younger children (aged 5-12 years) is also unclear,
adolescents aged 12-19 years have been specifically targeted for this thesis as various
cardiometabolic risk markers are more likely to be established in this age group and
track more strongly into adulthood as compared to younger children. This is partly
due to the pubertal changes occurring during adolescence which can impact
negatively on some cardiometabolic risk markers such as glucose and insulin.

Furthermore, adolescence is also a time when major changes can occur in dietary
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intake (e.g. an increase in energy-dense nutrient poor foods) and in sedentary

behaviours (e.g. an increase in TV viewing time and decrease in physical activity).

The layout of this thesis by publication is as follows. In Chapter One, an overview of
the literature relating to sedentary behaviour, dietary intake and cardiometabolic
health in adolescents is provided. Chapter Two then provides a comprehensive
systematic review of the literature examining whether sedentary behaviour is related
to cardiometabolic health, independent of dietary intake. Chapter Three outlines the
aims, objectives and hypotheses of the thesis. Chapters Four and Five examine the
cross-sectional mediating role of dietary intake in the associations between TV
viewing and cardiometabolic markers, and total volume and bouts of sedentary time
with cardiometabolic markers, respectively. Chapter Six examines both the cross-
sectional and prospective mediation effects of dietary intake on sedentary behaviour
with body mass index (BMI). Chapter Seven uses an experimental design to examine
the impact of uninterrupted sitting versus sitting with resistance-type activity breaks
on adolescents’ postprandial glucose responses following consumption of different
meals varying in energy. Finally, Chapter Eight discusses the implications of the
findings from Chapters Four to Seven in relation to the current literature and

provides recommendations for future research.
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Chapter One: Introduction
CHAPTER ONE: INTRODUCTION

1.1 Cardiometabolic risk factors in adolescents

Adolescents with chronic conditions, such as overweight and obesity, is a major
public health concern in many Western countries.® For this thesis, overweight is
defined as a body mass index (BMI) between the 85" and 95™ percentile for
adolescents of the same age and sex, and obesity is defined as a BMI at or above the
95" percentile for adolescents of the same age and sex.? Currently, rates of
overweight and obesity have stabilised in Australia® and other Western countries
such as the United States (U.S.),* Canada,® Germany,® and the Netherlands.’
However, globally, 22-24% of adolescents are overweight or obese, and 1 in 4 (27%)
Australian adolescents are classified as overweight or obese?; thus overweight and

obesity remains a major public health concern.®

Metabolic syndrome, a collection of risk factors (e.g. elevated waist circumference,
blood pressure, triglycerides and glucose and/or low HDL-cholesterol) that increase a
person’s chance of developing type 2 diabetes and cardiovascular disease,’ is also a
major public health concern.! Although the diagnostic criteria for metabolic
syndrome in adolescents varies widely by country (see Appendix A), it is estimated
that approximately 5.6% of adolescents worldwide have metabolic syndrome, with
higher prevalence reported in overweight (10.7%) and obese (30.2%) adolescents.°
While no specific population-based prevalence of metabolic syndrome has been
determined for Australian adolescents; findings from the Raine cohort (n = 1139, mean
age 14 years) indicate that 28% of adolescents had a “high risk score’ for developing
metabolic syndrome.! Since obesity tracks into adulthood,*? and adolescents who

have metabolic syndrome are at a higher risk of developing type 2 diabetes and
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cardiovascular disease during adulthood,? it is important to understand adolescent
lifestyle risk factors to help inform effective interventions for the prevention of type

2 diabetes and future cardiovascular disease.

Lifestyle behaviours, such as physical inactivity and dietary intake, are well
recognised risk factors for overweight and obesity**, and metabolic syndrome®® in
adolescents. However, more recently, excessive sedentary behaviour — or too much
sitting — has also emerged as a potential, independent risk factor for these chronic

conditions.

1.2 Sedentary behaviour in adolescents

1.2.1 Introduction to sedentary behaviour

Over the past decade the term ‘sedentary behaviour’ has been used interchangeably
with ‘physical inactivity’.1® However, strong observational evidence in adults shows
that engaging in sedentary behaviour and being inactive are separate risk factors for
cardiometabolic disease.l” 1 Additionally, it is possible for individuals who are
meeting physical activity guidelines to also engage in high amounts of sedentary
behaviour.?® 2 As a result, standardised definitions have recently been proposed by
the Sedentary Behaviour Research Network?! (an international organisation that
specifically focuses on the health impact of sedentary behaviour). The term
sedentary behaviour is defined as “any waking behaviours characterised by low
energy expenditure (< 1.5 metabolic equivalents) while in a sitting or reclining
posture” (Figure 1) and the term inactive or insufficiently active refers to those who

do not meet physical activity guidelines.
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Vigorous
PA

Sedentary Light PA

o -

0 1 2 3
Metabolic Equivalents

Figure 1: Definition of sedentary behaviour according to energy expenditure

in metabolic equivalents (http://www.sedentarybehaviour.org/)*

There are also different nuances in the use of the term ‘sedentary’ depending on what
aspect of sedentary behaviour is being assessed and how it is measured. For example,
the term “sedentary behaviour’ is often used when the measure (usually via self-
report) is able to identify participation in specific types of sedentary behaviours, such
as TV viewing, computer use or playing sedentary video games. The term *sedentary
time’ is mostly used when overall time spent being sedentary is examined (e.g. by
accelerometry), and ‘sitting time” is mostly used when time spent sitting is
specifically examined either by self-report (e.g. how many hours do you spend sitting
at work?) or when measured via inclinometers. In addition, the term *sedentary
bouts’ is used to describe a period of time where sedentary time is uninterrupted.
There are a number of ways to examine ‘sedentary bouts’. These include examining
the average time spent in a sedentary bout, which is referred to as ‘average sedentary

bout duration’, or examining short sedentary bouts (e.g. 5-minutes) versus prolonged

4|Page



Chapter One: Introduction

sedentary bouts (e.g. > 45-minutes). To ensure consistency, these sedentary terms

will be used throughout the thesis.

1.2.2 Assessing sedentary behaviour

Various subjective (e.g. self-/proxy-report surveys, diaries) and objective (e.g.
accelerometers, inclinometers, heart rate monitors, direct observations) methods are
used to assess sedentary behaviour. When selecting a measure, key issues to be
considered are the purpose or need, the validity and reliability, the appropriateness
for use with specific populations, and the level of participant burden.?? The self-
/proxy-report survey, accelerometer and inclinometer are the most commonly used
measures in recent studies,?? therefore, these measures will be briefly discussed in
reference to the adolescent population, with a summary of the key strengths and

limitations of each method outlined in Table 1.

The self-/proxy-report survey is where the adolescent or their parent estimates the
amount of time the adolescent spends in sedentary behaviours (e.g. how many hours
do you [the adolescent], or your child watch TV?). Survey measures can provide rich
data on different types of sedentary behaviours (TV viewing time, computer use,
reading), whilst also providing an estimate of total sedentary time on a daily or
weekly basis.Z The self-/proxy-report survey measures are typically inexpensive to
administer, have low participant burden, and are simple to analyse.??> However, as
with most subjective measures, self-reporting has a number of limitations. First of
all, self-/proxy-report surveys often collect data on only a single sedentary behaviour,
such as TV viewing (e.g. “during the last 7 days, how much time [in hours or
minutes per day] did you spend watching TV on a weekday / weekend day?””). As no

single sedentary behaviour is representative of an individual’s total sedentary time,
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this can only provide an estimate of sedentary levels. Secondly, surveys are
retrospective, thus making them more susceptible to recall and reporting biases.?®
Additionally, due to advanced technologies, new types of sedentary behaviours are
emerging, such as multi-tasking with screen devices, which adds to the complexity of
measuring how much time is spent in screen-based and other sedentary behaviours.?*
Thus, in order to accurately assess average sitting time, multiple sedentary
behaviours across different domains (e.g. TV viewing, reading, socialising,

motorised travel) and time spent in various screen-based activities should be

examined.?2

Conversely, an accelerometer, a small electronic device commonly worn on the hip
via a belt, provides an objective measure of total sedentary time and time spent in
sedentary bouts.?® A hip-worn accelerometer records the volume, intensity and
frequency of activity. The intensity is measured via the number of counts per minute
(cpm), which can then be classified as either sedentary, light, moderate, or vigorous
activity (e.g. the higher the cpm, the higher the intensity). Although the sedentary
threshold has not been universally agreed upon, a threshold of 100 cpm has been
consistently shown to have high sensitivity to assess sedentary time in an adolescent
population.? One of the main advantages of using a hip-worn accelerometer is their
accuracy to distinguish sedentary time in terms of low energy expenditure, as well as
to identify the average time spent in sedentary bouts.?® However, a key limitation of
a hip-worn accelerometer is that they cannot determine posture (e.g. sitting versus
standing still). This is due to the location of the device on the hip, making it difficult
to capture postural changes and, consequently, periods of standing motionless may
be misclassified as sitting. Accurately distinguishing between sitting and standing is

important, as according to the Sedentary Behaviour Research Network definition,®
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sedentary behaviour is when the person is in *a sitting position” and it is this sitting

position that is associated with adverse health outcomes.?

Table 1: Strengths and limitations of a selection of common subjective and objective

assessment methods of sedentary behaviour

Overview Strengths Limitations
Self-/proxy- Adolescent (self) or > Provides rich data Susceptible to
report survey their parent/guardian on different types recall and
(proxy) estimates the of sedentary reporting biases
amount of time they behaviours (TV Often only collects
spend in sedentary viewing time, data on a single
behaviours computer use, sedentary
reading) behaviour

> Inexpensive

» Low participant
burden

> Simple to analyse

Hip-worn Small electronic » Objective measure
Accelerometer  device that records of average
the volume, intensity sedentary time
and frequency of based on low
activity accelerometer

counts below a
specified threshold
» Obijective measure
of bouts of
sedentary time

Thigh-worn Small device worn » Objective measure
Inclinometer on the front of the of sitting or lying
thigh that has the time

ability to detect
postural changes e.g.
sitting, lying or
standing

Difficult to
measure multi-
tasking screen-
based behaviours

Cannot distinguish
between sitting
versus standing
still

Lacks context
specific
information on the
types of sedentary
behaviours

Lacks context
specific
information on the
types of sedentary
behaviour

Alternatively, an inclinometer, a small device commonly worn on the front of the

thigh, has the ability to detect postural changes, such as whether someone is sitting,

lying or standing.?” As such, thigh-worn inclinometers are becoming a more common
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measure in studies involving youth to determine how much of their day is actually
spent sitting. Although accelerometers and inclinometers provide an objective
measure of sedentary and sitting time, they both lack information on the type of
sedentary behaviour, such as watching TV or using the computer. This is important,
as new evidence shows that various types of sedentary behaviours, such as TV
viewing, may have different relationships with cardiometabolic health as opposed to
other sedentary behaviours.? Thus, researchers are strongly encouraged to use a
combination of both objective and subjective measures (e.g. accelerometers and
survey) to ensure accurate reporting of sedentary time whilst gathering information
on the different types of sedentary behaviours in which participants have engaged.?®
This information can then be used to accurately report on the prevalence and trends

of specific population groups engaging in sedentary behaviours.

1.2.3 Sedentary behaviour recommendations and prevalence

Currently, the Australian Physical Activity and Sedentary Behaviour guidelines
recommend that children aged 5-17 years should limit their use of electronic media
for entertainment to less than 2 hours per day and break up long periods of sitting as
often as possible.?® These guidelines also emphasise the importance of sitting less,
and encourage those already meeting the physical activity guidelines to still follow
these recommendations for optimal health. These guidelines are similar to the
recommendations from professional societies like the American Academy of
Pediatrics Committee® and the Canadian Society for Exercise Physiology,3! where it
is recommended that children and adolescents engage in no more than 2 hours of

screen time per day.
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Despite these recommendations, less than one third of Australian youth aged 5-17
years are meeting the screen time guidelines.® This is similar to other developed
countries, where 27% of U.S. adolescents aged 12-15 years® and 49% of Canadian
adolescents aged 12-18 years® engage in more than 2 hours of screen time per day.
Additionally, in Australia, adolescents both exceed the screen time recommendations
and spend nearly half of their daily leisure time (approximately 4.6 to 6.6 hours/day)
being sedentary.® This is similar to findings from the International Children’s
Accelerometry Database (n = 20,871 from the U.S., Brazil, Europe), which showed

that youth aged 4-18 years on average spent 5.9 waking hours/day being sedentary.®

As the majority of adolescents in many Western countries are exceeding the screen
time recommendations and spending nearly half of their leisure time being sedentary,
it is important to understand the adverse effects of too much sedentary behaviour has
on cardiometabolic health. Thus, the next section will outline the various associations

between sedentary behaviour and cardiometabolic risk markers in adolescents.

1.2.4 Associations between sedentary behaviour and cardiometabolic health

Television viewing and cardiometabolic health

There is an abundance of epidemiological evidence to show a consistent and positive
relationship between TV viewing and an increased risk of overweight and obesity
among adolescents.? 37:38 In 2011, a systematic review on the relationship between
sedentary behaviour and health indictors in youth aged 5-17 years reported 94 of 119
(79%) cross-sectional studies observed positive associations between TV viewing
and markers of adiposity.®” This systematic review was updated in early 2016 (with
additional searches performed to find relevant new studies published after 2010) and

found similar consistent findings, with 58 out of the 71 cross-sectional studies (82%)
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published after 2010 reporting a positive association between TV viewing and
overweight and obesity.?® Additionally, the intervention studies (n = 10) and
longitudinal studies (n = 35) included in both systematic reviews revealed a dose-
response relationship; those who watched more TV were more likely to be

overweight or obese.? 3

In contrast to the adiposity literature, few studies have found positive associations
between TV viewing and other cardiometabolic markers in adolescents such as
insulin, glucose, blood pressure, and cholesterol. For example, some studies have
reported positive associations between TV viewing and fasting insulin, HOMA-IR,*
insulin resistance,*° glucose,** hypertension,*? and reduced HDL cholesterol** 4 in
adolescents, whilst other studies have reported either few or null findings with
individual cardiometabolic markers.** > There is also mixed evidence on
associations between TV viewing and a combined cardiometabolic risk score or
metabolic syndrome in adolescents. Whilst the earlier systematic review from 2011
found that all eleven studies (two longitudinal, nine cross-sectional) that had assessed
TV viewing found positive associations with an increased risk for metabolic
syndrome or cardiovascular risk score,*’ the updated systematic review reported
mixed findings from the twelve new studies (two longitudinal, ten cross-sectional)

included.?®

Sedentary time and cardiometabolic health

Despite the consistent evidence between TV viewing and overweight and obesity,
total volume of sedentary time appears to be inconsistently associated with markers
of adiposity in the adolescent population. The updated systematic review reported
that only three out of nine longitudinal studies and 3 out of 18 cross-sectional studies

found significant positive associations between accelerometer-measured total volume
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of sedentary time and overweight and obesity.?® However, when examining
sedentary bouts with markers of adiposity, more consistent associations have been
observed. Some cross-sectional studies, but not all,** have found that the number of
sedentary bouts lasting > 10 minutes was positively associated with BMI*® and

breaking up sedentary time was associated with a lower waist circumference.?

When examining other cardiometabolic health outcomes such as metabolic syndrome
and individual cardiometabolic risk markers, few studies have reported significant
associations with total volume of sedentary time and bouts of sedentary time. For
example, the 2016 systematic review reported that only one of four studies found
positive associations between total volume of sedentary time and metabolic
syndrome.?® Similarly, when examining individual cardiometabolic risk markers, the
2016 systematic review reported that only one of six studies found a significant
inverse association between total volume of sedentary time and HDL cholesterol.
Whereas, other studies consistently reported null associations between total volume

and bouts of sedentary time with blood pressure, insulin and glucose.?®

In summary, depending on the type of sedentary behaviour being examined, there
appears to be mixed associations between sedentary behaviour and cardiometabolic
risk markers in the adolescent population. For example, specific sedentary
behaviours, like TV viewing, appear to be consistently and positively related to
markers of adiposity and some cardiometabolic risk markers; whereas very few
studies have found significant associations between total volume and bouts of
sedentary time and markers of cardiometabolic health. Given these differences,
section 1.2.4 will explore the potential behavioural mechanisms that may explain
why stronger associations are often observed for TV viewing and cardiometabolic

health compared to total volume or bouts of sedentary time. However, before the
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behavioural mechanisms are explored, it is important to firstly understand the
physiological mechanisms that have been proposed that could explain why sedentary

behaviour is linked with adverse health.

1.2.5 Physiological mechanisms of sedentary behaviour and cardiometabolic
health
There are two key physiological mechanisms proposed to explain the adverse health
associations related to sedentary behaviour. The first proposed mechanism relates to
the physiology of muscle contractile activity. For example, uninterrupted sitting
leads to a reduction in muscle contractile activity (particularly of the lower limbs)
which is associated with reduced blood flow and reduced efficiency of many of the
body’s regulatory processes, including the transport of blood glucose from
circulation into the muscle.” High amounts of glucose in the blood (e.g. >
5.6mmol/L) is detrimental to health as it causes long-term damage to the blood
vessels that supply vital organs. Thus, high blood glucose is a well-known risk factor
for cardiometabolic diseases such as obesity and type 2 diabetes.® The second
physiological mechanism proposed is that engaging in sedentary behaviour may
simply reduce the overall metabolic rate,*” and thus contribute to weight gain and

consequent cardiometabolic disease.

On the other hand, breaking up prolonged periods of sedentary time has been shown
to have beneficial outcomes on cardiometabolic risk markers in the adult population,
including reduced waist circumference, BMI, triglycerides, postprandial glucose,*
insulin levels,* and C-peptide levels.>® Similar findings have also been observed in
adults with type 2 diabetes,* young adults (aged 18-24 years),>® and recently in

children (aged 7-11 years).5? The suggested mechanisms underlying these findings
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are thought to be due to the opposite of those described above; that is, an increase in
skeletal muscle contractions which facilitates glucose uptake, or frequent breaks in
sitting time contributing to a higher total energy expenditure and prevention of

weight gain.*8

1.2.6 Behavioural mechanisms of sedentary behaviour and cardiometabolic
health
Three key behavioural mechanisms have been proposed to explain why TV viewing,
but not total volume of sedentary time, is consistently linked with cardiometabolic
health: 1) the adverse biological effects of the TV screen itself;>>° 2) the physical
activity displacement hypothesis;>® " and 3) an increase in dietary intake.*® Although
further research is required, the biological effects of the TV screen itself (e.g. the
blue light emitted from the TV screen) is thought to suppress the release of melatonin
and reduce sleep quality at night> >4, Insufficient sleep can then increase the risk of
overweight and obesity®, as well as impact negatively on certain cardiometabolic

risk markers such as blood pressure and insulin.>

Secondly, some evidence suggests that time spent watching TV displaces overall
physical activity, leading to a reduced energy expenditure and, thus, an increased risk
of adverse cardiometabolic health.% 5" However, in a recent meta-analyses involving
163 studies on associations between sedentary behaviour and physical activity in
children and adolescents, only a small, negative association between TV viewing and
physical activity (r = -0.06, 95% CI -0.08 to -0.05) was found.*® Although the
direction of the association supports the displacement hypothesis, the small effect
size implies that TV viewing and physical activity are not strongly related, and that

these behaviours may co-exist.
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The third potential behavioural mechanism that could explain why stronger
associations are observed for TV viewing and cardiometabolic health is through
changes in dietary intake or the displacement of healthy eating behaviours. This is
thought to be due to TV viewing being consistently linked with a high consumption
of discretionary foods and sugar-sweetened beverages, and a low consumption of
fruit and vegetables;>® behaviours that contribute to weight gain and to other adverse
cardiometabolic outcomes. However, when specifically exploring the mediation
effects of dietary intake on the association between TV viewing and cardiometabolic
health, the evidence is mixed. Studies in pre-school age children® and adults® have
reported that the association between TV viewing and obesity was partially mediated
by the consumption of food and beverages, whilst another study in adolescents have

reported no mediating effects.5?

Therefore, although TV viewing has been consistently linked with unhealthy dietary
intake, the role of dietary intake in the TV viewing and cardiometabolic health
relationship is unclear. Furthermore, it is also unclear whether dietary intake could
also explain the mixed findings observed between other types of sedentary
behaviours and cardiometabolic health outcomes. For example, it is possible that the
mixed findings observed between total volume and bouts of sedentary time with
cardiometabolic health may be due to some studies controlling for dietary intake in
the analyses whilst other studies do not. Before these issues can be explored, it is
important to provide an overview of concepts related to dietary intake that are

relevant to this thesis.
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1.3 Dietary intake in adolescents

1.3.1 Introduction to dietary intake

Dietary intake is a multifaceted lifestyle behaviour. For this thesis, ‘dietary intake’
will be used as the umbrella term to define all food and beverages consumed.
However, the term “dietary intake’ can also refer to ‘nutrient intakes’, ‘meal patterns’
and ‘dietary patterns’. Given the large scope of the dietary literature in adolescents,
this thesis will primarily focus on the “foods and beverages consumed’, with
particular emphases on the foods and beverages related to either sedentary behaviour

or cardiometabolic risk markers.

1.3.2 Assessing dietary intake

Assessing dietary intake is complex. Currently, there is no one method that can
accurately measure all of the different foods and beverages an individual consumes,
and the various combinations and patterns in which foods are consumed. There are
various methods of recording dietary intake in adolescents, with the most common
being the 24-hour dietary recall (interviewer-administered), food frequency
questionnaire and food record.®® These methods can be completed by adolescents or
via proxy report (e.g. parent or guardian completes it on behalf of their child). As a
guideline, it is recommended that proxy reports are used for children younger than 12
years of age, due to children’s lower literacy levels and limited cognitive abilities to
recall their own dietary intake.®* As the 24-hour dietary recall, food frequency
questionnaire and food record are the most commonly used in adolescent studies,
these methods will be briefly discussed, with an overview of the strengths and

limitations of each method provided in Table 2.
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Table 2: Strengths and limitations of a selection of common assessment

methods of dietary intake

Overview Strengths Limitations
24-hour Interviewer asks Considered the “‘gold- Multiple days
dietary recall  participant to list standard” measure required to

(Interviewer-
administered)

Food
frequency
guestionnaire

Food
record/diary

all foods and
beverages
consumed on the
previous day.

Captures
retrospective
dietary intake by
participant
completing a
questionnaire

Participant records
all foods and
beverages
consumed at the
time of
consumption over
a specified period

Measures the quantity
of food and beverages
consumed
Open-ended questions
allows comprehensive
and detailed report of
the preparation and
cooking methods used
Detailed information
can be captured (e.g.
time of day, source of
food and portion
sizes)

Individuals cannot
change their eating
behaviour

Provides information
on the usual
consumption of foods
and beverages over a
longer time period
(e.g. over the last
month or year)

Measures the quantity
of food and beverages
consumed

capture usual
intake
Susceptible to
social
desirability bias
Susceptible to
recall error

Susceptible to
social
desirability bias
Susceptible to
recall error

High participant
burden
Individuals can
change their
eating behaviour
Susceptible to
social
desirability bias

The 24-hour dietary recall is considered to be the ‘gold-standard’ measure and
involves the participant listing what foods and beverages they consumed on the
previous day. Traditionally, the participant completes the 24-hour dietary recall with
an interviewer, however, automated 24-hour recalls have recently been established in
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Australia® and the U.S.%® where participants completes the 24-hour dietary recall
online. Overall strengths of the interviewer-administered 24-hour dietary recall
include assessing the quantity of food and beverages consumed, detailing the
preparation and cooking methods used as well as information about the time of day
the food/beverage was consumed and portion sizes. Further, individuals cannot
change their eating behaviour; a common problem often reported when using food
records due to individuals recording their food at the time of consumption.®®
However, a major limitation of the 24-hour dietary recall is that multiple days of
recall are required to get an accurate reflection of usual intake. Additionally, social
desirability bias is common whereby individuals may intentionally underreport foods
and beverages consumed. Alternatively, individuals may unintentionally forget

certain foods and beverages or inaccurately report portion sizes consumed.®?

An alternative dietary assessment method that also captures retrospective dietary
intake is a food frequency questionnaire. These questionnaires are often standardised
and provide information on the usual consumption of foods and beverages consumed
over a longer time period (e.g. over the last month or year).®” Some food frequency
questionnaires also report on serving sizes, however, similarly to the 24-hour dietary
recall, self-reported serving sizes are susceptible to inaccurate reporting. Another
limitation of a food frequency questionnaire is that individuals can misrepresent the

frequency with which foods and beverages are consumed.%?

Food records, also known as food diaries, provide another way to collect dietary
intake data. However, unlike the 24-hour dietary recall and food frequency
questionnaire, the foods and beverages consumed are generally recorded at the time

of consumption over a specified period.®® It is suggested that three days is a sufficient
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period of time to estimate regular food intake without being too labour intensive for
the participant.®® Food records can also include weighing foods and beverages.
However, this adds to the high participant burden, and consequently may lead to
participants changing their diet so it is easier to record. An alternative is using
household measures to determine food and beverage volumes and/or taking photos of
foods, beverages or meals before consuming them.®® Taking photos is a relatively
new method aimed at reducing participant burden, however, further research is

required to fully understand if this is the case.

1.3.3 Dietary recommendations and intake prevalence

The Australian Dietary Guidelines released in 2013 provides up-to-date
recommendations about the amount and types of foods children and adults should eat
for optimal health and wellbeing.®® Similar to previous guidelines, the dietary
guidelines for adolescents aged 12-18 years are divided into two categories: foods to
eat every day and foods to limit. Foods to eat everyday include a wide variety of
nutritious foods from the five food groups: 1) vegetables and legumes; 2) fruit; 3)
wholegrain foods such as breads, rice and oats; 4) lean meats such as red meat,
poultry and fish and/or their alternatives such as eggs, nuts and seeds; and 5) dairy
foods such as milk, yoghurt, cheese and/or their alternatives. For information on the
specific recommended serves and serving sizes for Australian adolescents according

to age and gender, please see Table 3.

Foods to limit are referred to as “discretionary foods’ as they are not an essential part

of the diet. These foods often contain high levels of saturated fat, added salt and
added sugars. Examples of discretionary foods with high levels of saturated fat and

added salt include biscuits, cakes, pastries, pies, processed meats, commercial
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Table 3: Recommended serving sizes for Australian adolescents aged 12 to 18

years according to the Australian Dietary Guidelines 2013%°

Serves per day

Examples
12-13 14-18 of servinz sizes
years years
Vegetables & legumes
Boys 55 55 % cup of vegetables, 1 medium
Girls 5 5 potato, 1 cup of salad
Fruit
Boys 2 2 1 apple, 1 banana, 2 small
Girls 2 2 Apricots
Grain foods
Boys 6 7 1 slice bread, % cup rice,
Girls 5 7 % cup cooked pasta
Lean meats/alternatives
Boys 2.5 2.5 80g chicken, 1 tin of tuna,
Girls 2.5 2.5 2 eggs
Dairy/alternatives
Boys 35 35 1 cup milk, 2 slices cheese,
Girls 3.5 3.5 ¥, cup yoghurt

burgers, pizza, fried foods, potato chips, crisps, and other savoury snacks. Foods and
drinks containing added sugars include confectionary, sugar-sweetened soft drinks

and cordials, fruit drinks, vitamin waters and energy and sport drinks.®°

When dietary intakes are compared with the Guidelines, adolescents in Australia
have one of the worst diets among the Australian population.” Results from the
2011-2013 Australian Health Survey found only 5% of adolescents consumed
enough fruit and vegetables and over 50% of adolescents consumed sugar-sweetened
beverages on the day the survey was completed.” Similar results are also observed in
the U.S. and Europe, where it is reported that adolescents are consuming more sugar-
sweetened beverages and fast food than any other age group.’ " These results are
concerning, as a diet low in vegetables and fruits and high in discretionary foods and
sugar-sweetened beverages, increases the risk of developing chronic conditions such

as obesity, type 2 diabetes and cardiovascular diseases during adulthood.” 7
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1.3.4 Associations between dietary intake and cardiometabolic health

Previous evidence in adults has consistently found that an energy-dense diet that is
low in fruits, vegetables and dietary fibre is associated with an increased risk of
obesity, type 2 diabetes and cardiovascular disease.” "* However, less is understood
about associations between various dietary elements and cardiometabolic health risk
markers in adolescents. High intakes of discretionary foods (e.g. salty snacks, sweets
and desserts)’ and sugar-sweetened beverages,’®"® and low intakes of fruit and
vegetables®® have been associated with an increased risk of obesity. However, there
is very little evidence available specifically in adolescents examining the associations
between dietary intake with other cardiometabolic risk markers such as glucose,
insulin and blood pressure or with other chronic conditions such as metabolic

syndrome.

Of the available evidence examining individual cardiometabolic risk markers, cross-
sectional studies have found associations with fruit and vegetable intake and sugar-
sweetened beverage consumption. For example, a cross-sectional study in Mexican
youth aged 9-13 years found associations between low fruit and vegetable intake and
high sugar-sweetened beverage consumption with increased plasma glucose and
diastolic blood pressure.®* Similarly, cross-sectional studies in Australian adolescents
have found a diet high in fruit, salad, cereals and fish was inversely associated with
diastolic blood pressure,®? and a diet high in vegetarian foods was associated with

favourable waist circumference, total cholesterol/HDL ratio and LDL cholesterol.”

As opposed to individual foods or beverages, research on the overall quality of the
diet has yielded relatively consistent findings with respect to metabolic syndrome in

adolescents. Data from the 1999-2002 National Health and Nutrition Examination
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Survey (NHANES) adolescent cohort (aged 12-19 years) showed that a higher
overall Healthy Eating Index (HEI) score and fruit score (a component of the HEI)
were associated with a lower prevalence of metabolic syndrome, even after adjusting
for BMI and physical activity intensity.® In addition, results from 1139 Australian
adolescents (aged 14 years) participating in The Raine Study reported a ‘Western
diet” consisting of a high intake of takeaway foods, refined grains, confectionary and
soft drinks was associated with greater odds for metabolic syndrome (OR = 2.50;
95% CI 1.05 to 5.98) in girls, but not in boys.*! These cross-sectional findings
suggest that the overall quality of the diet may also be important for optimal
cardiometabolic health. Therefore, in addition to the thesis examining “food and

beverage intakes’, overall dietary quality will also be explored.

As previously proposed, dietary intake may also play an important role in the link
between sedentary behaviour and cardiometabolic health. As such, the next section
will explore the associations between dietary intake with various ‘types’ of sedentary
behaviour (i.e. TV viewing, total sedentary time, bouts of sedentary time, and

prolonged sedentary time), specifically in the adolescent population.

1.3.5 Associations between sedentary behaviour and dietary intake

Screen time and dietary intake

There is an abundance of evidence on the associations between TV viewing and
elements of a less healthy diet in adolescents® . In a review by Pearson et al.,* of
43 studies examining the associations between sedentary behaviour and dietary
intake in children and adolescents, TV viewing was consistently found to have
positive associations with total energy intake, the consumption of discretionary

foods, sugar-sweetened beverages, and fast food, and inverse associations with fruit
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and vegetable consumption. Similarly, a large Australian cross-sectional study (n =
18,486) found that secondary students (aged 12-17 years) who watched TV > 3 h/day
were more likely to consume fast food meals, discretionary foods and sugar-
sweetened beverages when compared with students who watched TV < 2 hours/day;
even after controlling for physical activity, socioeconomic status and other
demographic variables.®> Further, data collected from a large cross-national study
involving Central and Eastern European countries®® and data collected from large
national studies from the U.S.8"- & and Canada® also found that adolescents who
watched more TV®:8 or had a TV in the bedroom® were more likely to consume
fast food, sweets and soft drinks on a daily basis, and less likely to consume fruit and

vegetables.

Experimental studies in adolescents examining food consumption while engaging in
screen-based behaviours (e.g. TV viewing, video game playing, and computer use)
have also found consistent associations with adolescents’ energy intake.? *° For
example, in a randomised, cross-over study by Chaput et al.,® 22 healthy male
adolescents (aged 15-19 years) underwent two 1-hour experimental conditions (video
game playing and sitting only), followed by an ad libitum lunch and questionnaire on
appetite. After a single session of video game playing, adolescent males increased
their food intake by 335 kilojoules, regardless of their perceived appetite. Further, in
another controlled experimental study by Epstein et al.,*® 16 healthy adolescents
(aged 12-16 years) either increased their screen-based sedentary behaviours (i.e. TV
viewing, video game playing and computer use) by 25-50% over a 3-week period or
decreased their sedentary behaviours by 25-50% over a 3-week period. Findings
showed that when screen-based sedentary behaviours were decreased by 100

min/day, total energy intake and fat intake also decreased by 17% and 32%,
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respectively, with no significant changes in energy intake when sedentary behaviours
were increased. The authors suggested that the reduction in fat intake may be due to
the participants decreasing their consumption of high-fat snack foods, which are

often consumed while watching TV or during other sedentary behaviours.

Sedentary time and dietary intake

In contrast to the literature on screen-based behaviours and dietary intake,
associations between total volume of sedentary time or bouts of sedentary time and
dietary intake in adolescents have been less frequently studied. In fact, no
observational study to date has examined associations between accelerometry-
measured overall sedentary time or bouts of sedentary time and dietary intake
specifically in adolescents. However, there is some evidence available in younger
children. For example, in a cross-sectional study examining the differences between
TV viewing and total volume of sedentary time with dietary intake in Canadian
children (aged 9-11 years),*! the authors found that TV viewing was strongly
associated with a number of unhealthy dietary behaviours, such as the consumption
of sweets, pastries, potato chips, fried foods, fast foods and ice-cream, independent
of sedentary time and other covariates. However, total sedentary time was only found
to be negatively associated with the consumption of sports drinks, independent of TV

viewing time.

In contrast, findings from the SPEEDY (Sport, Physical activity and Eating
behaviour: Environmental Determinants in Young people) cohort involving 1,317
children (aged 9-10 years) from the United Kingdom reported associations between
total volume of sedentary time and soft drink consumption and savoury snacking.®?

However, the association was not in the expected direction, with boys that were in
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the highest quartile for soft drink consumption and savoury snack consumption
spending 14 and 12 minutes less in sedentary time each day, respectively. These
findings suggests that for children, TV viewing time may be more strongly
associated with unhealthy dietary behaviours that total sedentary time. However, due
to the lack of evidence available in adolescents, further research is required to

investigate whether similar associations exist in an adolescent population.

Further, findings from experimental studies examining prolonged sitting and ab
libitum food intake have reported no significant differences in food intake when
sitting was prolonged or when sitting was interrupted with exercise.> % In a
randomised study by Saunders et al.,*® 20 healthy adolescents (aged 10-14 years)
participated in the following three conditions on separate days: uninterrupted sitting;
a day of sitting with light-intensity breaks; and a day of sitting with light- and
moderate-intensity breaks, followed by a buffet meal in the afternoon. Findings
showed no significant differences in ab libitum food intake immediately following
the three experimental conditions (p < 0.25). In a similar study design involving
uninterrupted sitting and sitting with moderate-intensity walking breaks in children
(aged 7-11 years), Belcher and colleagues® found that total energy intake and the
percentage of kilojoules consumed from carbohydrates, protein and fat did not
significantly differ between the two experimental conditions. These findings suggest
that children do not compensate by reducing their food intake when they are exposed

to a long bout of sedentary behaviour.

1.4 Summary

Overall, there appears to be consistent evidence of the relationship between TV

viewing and obesity, and some evidence to show links between TV viewing with

24|Page



Chapter One: Introduction

other cardiometabolic risk markers such as insulin resistance, hypertension and
reduced HDL cholesterol in the adolescent population. It is also well established that
TV viewing is strongly associated with unhealthy dietary behaviours such as a higher
energy intake, a high consumption of discretionary snacks and sugar-sweetened
beverages, fast food intake and low fruit and vegetable consumption. However, due
to the lack of research, what is less clear, is the evidence involving total volume of
sedentary time and bouts of sedentary time, both in regards to associations with

cardiometabolic risk markers and dietary intake.

The mixed findings between TV viewing and total volume of sedentary time suggest
that there may be other factors involved that partially explain the stronger
relationships found between TV viewing and cardiometabolic health. Given that TV
viewing has been shown to have consistent associations with dietary intake, it is
worth exploring its role in the relationship between TV viewing and cardiometabolic
health. However, little is known about whether dietary intake plays a key role when
total volume or bouts of sedentary time are examined. As such, a systematic review
of the literature was undertaken by the candidate to summarise the associations
between various sedentary behaviours and cardiometabolic risk markers in
adolescents, while either accounting for dietary intake in the analyses or specifically
conducting mediation analyses. The findings from the systematic review are

published in Obesity Reviews and is presented in the next Chapter.
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2.1 Overview

As previously discussed in Chapter One, the role dietary intake has in the
relationship between various sedentary behaviours and cardiometabolic health
outcomes in adolescents is unclear. Therefore, a systematic review was conducted by
the candidate to identify all studies that have either performed mediation analyses or
accounted for dietary intake when examining associations between sedentary
behaviour and cardiometabolic risk factors. The findings from the systematic review
will be used to identified the gaps within the sedentary behaviour literature on

adolescents and guide the objectives of the studies included in this thesis.

The following systematic review has been published as a manuscript in Obesity
Reviews (Impact Factor: 7.995) and has been formatted according to their
requirements. The review was prospectively registered with PROSPERO;
CRD42014010359. The citation for the review is: Fletcher E, Leech R, McNaughton
SA, Dunstan DW, Lacy K, Salmon J. Is the relationship between sedentary behaviour
and cardiometabolic health in adolescents independent of dietary intake? A
systematic review. Obesity Reviews. 2015;16(9): 795-805. The manuscript
supplementary files can be found directly after the manuscript in Section 2.3. The
‘Authorship Statement” for this manuscript and a copy of the ‘Permission Statement
to Publish’ this manuscript are contained in Appendix B.1 and Appendix B.2,

respectively.
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Findings from this review were presented at the International Society of Behavioral
Nutrition and Physical Activity conference in Edinburgh, Scotland in June 2015 and
at the 10" Research Degree Symposium held by the School of Exercise and Nutrition
Sciences, Deakin University in Melbourne, Australia in September 2014 (abstracts

available in Appendix B.3 and Appendix B.4, respectively).

The author contributions to this review were as follows, with the candidate
contributing to all aspects of the manuscript process: Fletcher, McNaughton,
Dunstan, Lacy and Salmon designed the review; Fletcher and Leech reviewed all
articles based on the inclusion and exclusion criteria and performed the
methodological quality assessment of the included studies. Fletcher performed the
data extraction of all included studies. Fletcher wrote the initial draft of the
manuscript, whilst Leech, McNaughton, Dunstan, Lacy and Salmon provided critical

edits and editions. All authors approved the final manuscript.
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Summary

Screen time, but not overall sedentary behaviowr, is consistently related to
cardiometabolic health in adolescents. Because of the associations screen time has
with dictary intake, diet may be an important factor in the screen time and health
relationship; however, evidence has not previously been synthesized. Thus, the aim
of this systematic review was to explore whether the assodations between various
sedentary behaviours and cardiometabolic risk markers are independent of dietary
intake in adolescents. Online databases and personal libraries were searched for
peer-reviewed original research articles published in English before March 2014.
Included studies assessed associations between sedentary behaviour and
cardiometabolic markers in 12- to 18-year-olds and adjusted for dietary intake.
Twenty-five studies met the inclusion criteria. From the 21 studies examining
sedentary behaviour and adiposity, the majority found sipnificant positive asso-
ciations between television viewing, screen tme and self-reported overall seden-
tary behaviour with markers of adiposity, independent of dictary intake. No
significant associations betwesn screen time with blood pressure and cholesteral
were reported. Sedentary behaviour appears to be associated with adiposity in
adolescents, irrespective of dietary intake. However, the varability of dietary
variables between studies supgests further work is needed to understand the role
of dietary intake when examining these assodations in youth.

Kevwords: Adolescents, cardiometabolic, diet, screen time.

obesity reviews (2015) 16, 795205

Introduction

6£2-83% of adolescents from Westernized countries are
exceeding the screen-based recommendations of no more

Cardiometabolic risk factors, specifically obesity, insulin
resistance, hypertension and dyslipidaemia, are becoming
mare prevalent among adelescents (1,25, In Western coun-
tries, 25-33% of adolescents are overweight or obese {3-5)
and $5-10% of adolescents have one or more of the other
cardiometabolic markers (1) Spending large amounts of
time using screen-based media, in particular tme spent
watching television, has been consistently associated with
cardiometabolic health in children and adolescents (6-10).

This is concerning since current figures indicate that

& 25 World Dhasity

than X h of screen time per day (5,11,121

In contrast to the consistent links shown for television
viewing and screen time, there is inconsistent evidence of
associations between overall sedentary tme (usually meas-
ured by accelerometry) and cardiometabolic risk markers
in youth {13,14). This inconsistency suggests that some of
the ohserved associations between screen time and health
may be explained by other factors, rather than time spent
sedentary or “sitting” per se. There is a possibility that the
differences may be simply due to different measures used,

TS
16, Te&-B0E, Scolembor DS
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with self-reported measures and  objective  measures
reported to have low to moderate correlations (—0.71 o
0.96) (151

Alternatively, there may be other lifestyle behaviours
such as physical activity and dietary intake that may
explain the stronper relationship seen between screen time
and health. For example, there is some evidence indicating
that adolescents who spend more time in screen time
behaviours are less physically active (16,17). However,
findings from a recent systematic review reveal screen time
and physical activity among youth are not stroogly
inversely associated |7 = 0.020, 95% CI —0.101, —0.060)
{18}, supgesting they are independent behaviours. Addi-
tionally, most studies that report associations between
screen time and health owtcomes in this age proup sccount
for physical activity levels (9,191

In youth, there is consistent evidence that television
viewing is linked to elements of a less healthy diet such as
lower fruit and vegetable comsumption, higher consump-
tion of enerpy-dense snacks, drinks, and fast foods, and
higher total energy intake {20). This suppests that dietary
intake may play a role in the relationship between televi-
sion viewing and cardiometabolic health. However, the
mediating role of dietary intake has rarely been examined
in youth, while the few studies among adults have found no
consistent relationship {21-24). There is now an emerging
amount of literature that has examined the reladonship
between sedentary behaviour and cardiometabolic risk
markers in adolescents that has accounted for dietary
intake in the analyses. However, there have been no sys-
tematic revicws to determine whether these associations are
consistent, independent of dietary intake, or whether the
studies are of sufficiently high quality. With the majority of
Western adolescents not meeting the current screen time
puidelines {5.11,12) and the increase in prevalence of
cardiometabolic conditions such as obesity, type 2 diabetes
and cardiovascular disease 1,21, adolescence is an impor-
tant time to encourage healthy behaviour changes. There-
fore, the aim of this systematic review was to idendfy and
synthesize evidenoe from studies that have accounted for
dietary imtake when examining the relationship between
sedentary behaviour and cardiometabolic health in 12- o
18-year-old adolescents.

Methods

This  review s
CRD4 2014010359,

registered  with  PROSPEROD,

Search stratagy

Omline databases (Medline, Global Health, PsycInfo, Wehb
of Science and Embase}, reference lists and personal
libraries were searched for peer-reviewed original research

18, 705805, Sopfombar 2045

articles published in English before 25 March 2014, The
following keyword combinations were used for sedembary
behaionr (sedentar®, sitting, indosor®, screen time, com-
puter*, television, inactivit*, video game®, imternet),
dietary imnfake (diet*, nutrition, food*, snack*, drink*, bev-
crage*, cating, enerpy intake®, meals), bealth outconme
{overweight, obes*, adiposity, waist circumference®,
waist-hip ratio, body mass index, blood pressure,
hypertens®, glucose intolerance, blood glucose, insulin,
cholesteral, lipoprotein, triglyoerides, lipid metabolism,
cardiometabolic, metabolic syndrome, cardiovascular
disease*) and age (youth, adolescen*, child*, younp
people). The scarch terms were restricted to tide and
abstract only.

Inclusion and exclusion criteria

To be included inm the review, studies were required to meet
the following criteria: (i} be published as a peer-reviewed
original research article, with full-text availability: (i} the
study panticipants” mean age was between 12 and 18 years,
or for longitudinal studies the mean ape was between 12
and 18 years at baseline or at follow-up; (iii) the study
included a measure of sedentary behaviour as an independ-
ent variable defined by “any waking behaviours character-
ized by low encrgy expenditure (1.5 METS) while in a
sitting or reclining posture’ (25}, and not the absence of
sufficient levels of physical acdvity; (iv) the statistical
analyses included an adjustment for dietary intake as
defimed by the intakes of enerpy, macronutrients, foods,
andfor beverages) and (v) the study assessed at least one
cardiometabolic risk marker as the main outcome {ie. adi-
posity, blood pressure: insulin sensitivity: glucose tolerance
or lipid levels) or included a chronic cardiometabolic con-
dition {Le. metabolic syndrome, cardiovascular disease or
type 2 diabetes).

The exclusion criteria included the following: (i} the
study included all three measures of interest but did not
include them simultaneously in the statistical analysss; (i)
the study included only special populations {e.g. partici-
pants with type 1 diabetes); (iii) the study was not original
research andfor (iv) the reviewers could not access the full
text after contacting the corresponding author

Identification of relevant studies

Two reviewers (EF, RL) independently reviewed all articles
based on title and abstract initially, then assessed full text
for elipibility. For articles that needed further clarification
in order to assess their eligibility for the present review, the
corresponding author was contacted. Any discrepancies
between reviewers about article eligibility were discussed
with all authors until a final consensus decision was

reached.

£ 2015 World Dbesily
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Data axtraction and coding

Data extraction was performed by one reviewer (EF) using
a predetermined data extraction template. The following
information was extracted from each article: (i) study
design and length (for longitudinal studies only); (i) par-
tidipant characteristics (sample size, % males, age range,
mean age, % overweight'obese and location); (i} measures
used to assess sedentary behaviowr, dietary intake and
cardiometabolic risk markers; {iv} statistical analysis
methods (&g statistical models used, variables included in
mexdel) and {¥) main findings in regard to sedentary behav-
iour, dietary intake and cardiometabolic risk markers.
Where studies combined multiple domains of sedentary
behaviours {eg. television viewing, video watching and
video playingl, this was coded as ‘screen dime” in the resules
table. This method was also applied to dictary variables
where multiple drinks were assessed and coded as “supar
sweetened beverages’. For this review, only dietary vari-

ables refated to food and drinks consumed, enerpy intake
or macronutrient intakes were reported.

Methodological quality assessmant

The methodelogical quality of the included studies was
independently examined by two reviewers (EF, RL) using
an adapted 15-item quality criteria checklist (26,27}
{Table 1). The 15-item checklist consisted of assessing
various methodological aspects {e.g. study desipn and
sample, data sources and measurement of variables, statis-
tical methods used) and involved a yes (0.5 or 1 paint) or
novunclear {0 point) answer format. The change made to
the original quality criteria checklist was mainly regarding
the measurement questions, where the reliability and valid-
ity of the three measurements of interest were examined
separately, as opposed to assessing the reliability and valid-
ity of one measurement. A quality score ranging from O to
15 points was calculated for each study, This score was

Table 1 Criteria st for sssessment al the methodological quality of cheervational ssudies (based on Tooth 2t al (28) and Singh atal (2T])

Criteria (rating of criteria: 05 or 1 = yeas, 0= ro or urclear) o (lotal 18)
Study design
1. Is the study design preseried _ Nk
BMD is the shudy design longitudinal and nat cross-sactional? _ 0k
Targel populasion
2. Do the authors describe the targel populadon they wanled o research? 1
Sample:
3. Was a random sample of the targel population takenidesoribed 0k
AMDYCR was the response rale 60% or more? _nk
4. |z paricipart selaction descrbsd, o refermed 0 A |
E. |z paricipant recruitment desaribed, o relered 7 i
E. Are the inclusion andior esclusion criteria siated, o relered o7 1
7. Is the sady sample describad? (minimum descripion = size, gendeas, age, BMI) |
8. Are the numbers of participants al ssch stage of the study reported? (authors should report at lsast numbers sigible, ombers __ 1
recruiied ard mumbers with complet= data)
Varisblas
9. Are the measures of sedemiary beheviour, distary imaks and the haalh cutcome sufficientty desoribed in detail? 1
Diata sounces and collection
10. Do mwthors descrbe the source of their data® {e.q. regisiry, health survey) _nkE
AMND did authors desoribe how the dats were collected? (e.g. by mail, by survey) _ 0k
Meas remenis
11. Was the walidily of sedentary beharvour mentonad ar refermed 107 _nkE
BMOAOA was the reliability ol sedeniary behmicur mentioned or refemed 107
(il measred by accelerametry, ausomaticaly full poiris) _ 0k
12. Was the walidily of dictary behawiour menticred o relered 107 _ Nk
(il measred by 24-h focd recall, automaticaly full poinis) _ 0k
13. Was the health oustcome measured objectively and not by sell-report? "1
Siatistical methads
14. Were appropriale statistical methods used and adeguately described {including taking inlo account number of participanis and _ 0.6
clustening effects]?
AMOYOR did the staistical methods address corfoundersT &
1E. Wermre the numbemfpercentages of paticipants with missing data lor sising and the heakh outcome indicatied® _nk
AMD  more than 20% of dala in the pimary analyses were missing, were methods used o address missing data? _ Nk

£ 2015 Worid Dbasty
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divided by 15 points to calculate a percentage from 0 o
100% and a study was considered to be of high quality if
the score was =50% (271

Synthesis of studies

All findings relaing to  sedentary  behaviour and
cardiometabolic health from cach study were categorized
and tabulated imte two catcgorics: (i) no assocation
between sedentary behaviour and the cardiometabolic risk
marker {denoted by *07) or (ii} a significant positive or
negative association between sedentary behaviour and
cardismetabolic risk marker, independent of dietary intake
{denoted by “+ or =*). Following the "quality rating system”
by Singh eral (27), the overall indings were synthesized
into four levels of scientific evidence. However, because of
all studies in this review being considered to be of high
quality”, cut-off percentapes were given to differentiate the
level of 'strong’ and ‘moderate” evidence. Thus, the four
levels of scientific evidence used in this review are as
follows: {i) strong eridence where 22 hiph-quality studies
have =70% consistent Andings; (i) moderate evidence

where 22 high-quality studies have between 50 and 69% of
consistent fndings; (ili) fmconsistend eridence where 22
studies have <49% of consistent findings and (iv) fmsuffi-
clent evidence where only one study was available.

Results

Soarch rosults

The literature search identified a total of 539 records
{Figure 1). After removing 12 duplicates and checking the
titles, abstracts and full-text articles, 18 articles met the
inclusion criteria. A further seven articles were identified
from other sources {e.p. reference lists and personal
libraries), resulting in a total of 25 articles being included in

this systematic review.

Study characternistics

All 25 articles reported on 25 unique study samples.
Twenty-one articles reported cross-sectional results and
four reported longitudinal study resulis (ranping from 1 o

35 Other

Records identifiad through
N Duplicates rem oved
database s=arching + =12
{n =539}
- Records exduded (o0 =377}
1 Wothuman
Remrds soree ne d | Htle & abstract] " 52 Wrang 398 group
{n=527} i 19 Specal popubtian
21 Mot onignal research

15T IDid not havee 2l 3 oom ponen i

Full-text artides amezad for digibility
{n= 154}

3 Other

Full-text artickes exduded
fr=13%
16 Wrang age goup
24 Dud not Fawee 2l 2 oom pon enis
TT Had 2l 3 comp oneents bt did not
It inchu Shon ritena
2 Cannot aoness full text

Full-text artickes included
{n=18}

Additional recand s identified
through reference lists (o =7}

¥

Artiches included in study (o= ¥}
4 Longitudinal studies
A rass-sectional studies

16, 705806, Sopombar 2015

Figure 1 Fow disgram of 1he identification of
literature for inchusion in this sysiematc
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4 years of follow-upl. The majority of studics erpinated
from the United States (m=9), Canada {m= 3) or China
{n= 3). The number of participants ranged from 282 to
39011 with mest studies including an approximately even
ratio of males to females, and only one study including
females only (28). The age of participants ranged from 10
to 19 years (mean 14.4 vears) and the majority were of
healthy weight, with the body mass index (EMI) ranging
from 18 to 24 kg mrl. Nearly all studies used some form of
regression analyses {e.g- linear, lopistic, longitudinal, mul-
tikevel) to examine the assodations between sedentary
behaviour and a cardiometabolic health outcome, adjusting
for dietary intake in the model, with one study conducting
a mediation analysis with dictary intake as the mediator
{29). The characteristice and the main findings of studies
are presented in the Supporting lnformation (Table 51).

Owerview of measures

The mast common sedentary behaviour measure was tele-
vision viewing {29-41), followed by total screen time
{18,30,47-49), personal computer wse (31,32,3637,
4041}, and video pame playing or video viewing
{37.40,49). Three studies measured total sedentary behav-
iour (28,50,51) and only one measured a non-screen time
behaviour such as homewaork tme {results not reported in
the review) {31} The majority of sedentary behaviours
were measured via a self-reported questionnaire, with two
studies using a proxy report for those aged 12 or below
{45.52), and one study each wsed 2 4-h activity recall (258)
or interview-administered questionnaire {47} The dictary
variables that were included in the analyses varied widely,
with the majority of studies (m=19) simultancously
adjusting for multiple dietary variables. The most common
variables included total enerpy intake (34,35 40,41 4647,
4551} and the consumption of encrgy-dense snacks
(29.30,32 36,39 4745 48), sugar-sweetensd  beverages
{18,30-33,36,3744,45,50), fruim  and  vegetables
128,31,32,36,38,42.43,50), and fast food [30,42,45,50),
with few studies measuring macronutrient  intakes
(28.35,40,47) or specific food items (cg. cereals, meat)
150.52). Adiposity was the most commonly reported
cardiometabolic risk marker, with 21 studies measuring
adiposity mostly by weight stans. Only four studies
assessed other cardiometabolic markers such as blood pres-
sure, insulin resistance, plucose tolerance and lipid levels
(40, 46—48).

Mathodological quality assessmeant

A summary of the methodological quality of the studies is
presented in the Supporting Information (Table 52). The
initial discrepancy between the two reviewers when scoring

£ 2015 World Desly

the 25 articles was £.3%. The majority of disagreements
were resolved after discussion, with 9 of the 33 discrepan-
cies being discussed with all authors. The quality scores of
the papers ramped from &0 to 84%. The most common
reasons why studies did not get a quality score of 100%
were the study 'did not use methods to address missing
data’ and *did not report the inclusion and exclusion ori-
teria of the sample”. According to the quality criteria (27),
all studies were considersd to be of high quality {=50%}
with cight studies scoring 80% or more {25,30,31.41,42,
46 47 49),

Fifteen of the 25 studies included a random sample of the
tarpet population [25-34,36,38,39 41-43, 45-48,50) with
14 studies reporting a response rate of 0% or more {29-
31,332,324, 38 4144 46 47 49 50). All studies used either
sclf-administered questionnaires or interviews to measure
sedentary behaviour with four studies reporting the validity
{28.29.48 49) and two studies reporting the reliability
{2848} of the measure used. In total, seven studics used
a 2-h food recall to assess dietary intake (33—
35.41,46,47,50), with five smudics reporting the recall data
from one occasion, and one study each reporting the recall
data from either two (41) or three (35} oocasions. Other
commonly used measures were self-administered question-
naires {(m= 10)] or food frequency questionnaires (m= 8),
with four studies reporting both the reliability and validity
of these measures (31,40.44.4%) and one study reporting
only the validity {32). Out of the 21 studies that measured
adipasity, nearly all studies wssd objective measures with
only four studies using self-reported height and weight o
cakoulate BMI {36,38,43,49). Four studies measured Blood
biochemistry profiles (40,46—48), with one of those studies
reporting the risk of the metabolic syndrome (46). Regard-
ing the analyses, only 10 studies both adequately described
and used appropriate statistical methods (including taking
into account clustering effects due to sampling desipn) and
addressed missing data where relevant (28-31,36.41. 42,
47491,

Main findings

The associations betwesn sedentary  behaviour and
cardiometabolic markers adjusting for dietary intake are
reported in Tables 2 and 3. Because of the majority of
studies reporting on adiposity outcomes, results for adipos-
ity and other cardiometabolic outcomes were presented
separately. Table 2 summarizes the associations between
various screen time behaviours and total sedentary behav-
iour with measures of adiposity (e.p. BMI, waist circum-
ference), adjusting for dietary intake. Table 3 summarizes
the studies reporting on associations between screen Gme
behaviours with the other cardiometabolic outcomes je.g.
blaod pressure, blood glucose, lipids), adjusting for diztary
intake.

16, Toe-806, Seokember 2015
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Table 2 Associations betwssn vanous sedentary behaviours and adiposity, adusting jor distary intake

Hurchor [quality %] Dhetary faciors induded in anakysis® ™ Videouse or WG PC Toesl ST Total 5B
Arango (30 [80) Soft drirk, high-fal foods, fast joods 0T e OETdue
#TVE + 5T ma
+ 3T g
Beerkey [£3) [BO] El + Wid® + FT3 S
i
H=u [42) [80] P\ sweels, sracks, fast jocd + STa
Fear (41) [30 El, =l intake +TW oa 0PC mw
Tang (31} [Bd] Soft drirk, FV + TV oa 0PC o
Muss [28)7 (8] % CHO, prot=in and fas, ¥, soft drink 05T om 058 oa
03T
Masmeddine (600 [7d]  El, oemeals, daries, meat, legumes'mis, FY, added + 58 pa
{nisipds, fast food, suganswesis, 358 + 58 me
+ 5H wed
AlHaifi {32} [T4] FV, 35Bs {including enemy drinks), milk, fas food, 0TV oa 0PC o
cakesidoughnuts, swests 0TV we 0PC e
Eunesava (52} [T4] Fish intakedmeal it inlake +PC o
Farshee {27) [74] All beverages (including 358s, coffest=n, beer) 0 Tvmn
Crespa [34) [T4] El + TV ma
Carson {29} [T Jurk fiood {including swests, soll drirks, cakesipasries,  + Tvoa
palo chips, French fries)
Vil {43) [T PV, unhealthy sracks (including saft drinks, candy and +3T
paeaia chips) s
Thang (35) [6T) El, % fal intzke OTY ma
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+ 58 .
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TETE
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Giammesei (37} E4]  Soft drink + TV oa 0 WE e 0 PC o
Shan {£5] [E0] Fast locd, sracks, 3585, aloohd + ST
Dchva {38} [0 Fr Ty
T
Ekgar (237 [E0] Snacks + TV oa
Summary of resulls
0 Mo significant assocmton -1 1 [ 2
+ Significan! association, independent of diet =1 i i T E

Lengitudiral study.

“Distary wariables adjusted for in the anahyses invohing the sedentary betwiour and heakh outcome variables.
%EBF, % body fat; +, significant pasitive associstion, indspendent ol dist; 0, no sgnificant associstion; E boys only; EMI, chisatively messured BMI;
El, energy intzke; FPM, inl-free mass; P, 18l mass index; FY frils and vegeiahies; 4, girks only; 5F, skin-olds; 3A-EMI, sell-r=poried BM; 538,

sugar-sweelened beverage; WC, waist oroumference; WeH, waist 1o hip ratio.

As shown in Table 2, strong evidence was observed
between computer use and adiposity. Six of the seven
studies (86%) examining computer use found no signifi-
cant association with adipesity, with the regresion
analyses  adjusting mainly for soft drink, enerpy-
dense  snmacks, andfor fruit and wepetable intake
(31,32, 36,37 41). Moderate evidence was found between
both tedevision viewing and total screen Gme with adipos-
ity, with 64% (29.31,34,36-3941) and 54% of the
analyses (30,4245 49) respectively fnding a significant
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and positive relationship, independent of distary intake.
However, no consistent pattern was observed according
to the types of dictary variables adjusted for in the
analyses. Additionally, there was moderate evidence to
support a sipnificant and positive relationship between
total self-reported sedentary behaviour and  adiposity
{50,51), independent of total emergy intake and other
various food items. There was insufficient evidence of the
relationship between video viewing and video pame wse
{37,49).
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Table 3 Associstions between soreen time bebasiours with cardiometabolic risk markers and the metabolic syndrome, adjusing for distary intaks

Hvthor Dietary factors included in aralysis®  Cardiometabolic risk markers [
syndrome
=BP DBF  Insuin Glucose ToldC LOLC  HOL-C  C-Ralio
Karg (4E) [24) El D =T
+ 33T
Sugivama (47) [80]  El, CHO, protein and lat intske +8T 08T
Goldfield {40) [7T7]  El, % a2 inlake atv. O o™ OTv o oTv
+¥WGE  OVG ovE Ows OFC + VG
oPC  QPC oPC  OPC OsT oPC
05T 0ST 03T  0&T DET
Herdly {4E] [7T] EONP foods (including corfecionary, 0 5T=% G3T8 QOSTH O5T™ Q35T
hat chips, saky snacks) +5TB
Summary of resulis
0 Mo significant association 4 B 1 1 4 B 4 a 1
+ Sigrificant association, indeperdent ol dist 2 a 1 o o Ju} o 1 1

"Dietary vanzbles adiusied for in the analyses imvolving 1he sedentary behaviour and heath outcome vanakdes.

+, significant positive association, independent of disl; 0, no signiSican! association; |, weekdsy only; 2, weekend day only; B, boys only; CTHO,
carbohydrate intzke; C-Ratio, cholesiern! ratio (o2l chobesterolHOL-cholestend); DEF, diasiolic blood pressure; EONF, enemy-denss nuirisonally
poor {foads); El, erergy intaks; B, gils only; HOL-C, high-dersiy ipopratein chaesteral; LOL-C, kow-density ipoprolein cholesterol; SBF, sysiolic

bilood pressurs; Total-C, iotal chaolesterol.

When examining the findings from the four longitudinal
studies, no consistent relationship was  observed
{28,39,49,51). Beckey ot al. (49) and Elgar et al. {3%) both
reported positive longitudinal associations between screen
time behaviours with adiposity, independent of total energy
intake and intake of snacks, respectively; whereas Fulton
etal. (51) and Must etal. (28} found no associations
between overall sadentary behaviour and screen time with
adipasity measures, independent of enerpy intake and per-
centage of macronutrient intake, respectively.

As shown in Table 3, three studies examined screen time
behaviours with other cardiometabolic risk markers, such
as blood pressure, insulin resistance, glucose tolerance and
lipid bevels (40,47,48), and one study examined total screen
time and the risk of developing the metabolic syndrome
{461 Overall, there was moderate (67 %) to strong evidence
{100%) to show no significant association between various
screen time behaviours {e.g television viewing, computer
use) with systolic blood pressure (40.48), diastolic blood
pressure (40,47 ), low-density lipoprotein (LD L}<cholesteral
and high-density lipoprotein {HDL)-cholesterol (40,48}
Because of the limited number of studies performed, there
was insufficient evidence to draw conclusions on the
remaining cardiometabolic risk markers as well as the asso-
ciation between screen time and the risk of metabolic syn-
drome (46].

Additionally, as there were a limited numbser of studies
reporting the unadjusted and adjusted findings, it was not
possible to draw conclusions on whether dietary intake
attenuated the sedentary behaviour and health relationship,
However, of the three studies that did report the unadjusted
fndings, screen time was no lonper associated with dias-
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tolic blood pressure (42} or the metabolic syndrome (46},
and video game wse was no lonper negatively associated
with HDL-cholesterol {40) after adjusting for either energy-
dense, nutrient-poor foods (48) or total enerpy and macro-
nutrient intake (40.48).

Discussion

This systematic review identified and summarized all
studies published prior to March 2014 that have accounted
for dictary intake when exploring the assodation between
sedentary behaviour and cardiometabaolic health markers in
adolescents. According to the 15-item quality criteria
checklist (26,27}, all 25 studies identiied were considered
to be of hiph quality. From the 21 siudics examining adi-
posity outcomes, there was moderate o strong evidence to
show significant and positive associations between televi-
sion viewing, screen time and overall sedentary behaviowr
with adiposity, independent of dietary intake. This is con-
cerning since the majority of Western adolescents are
already exceeding the screen time recommendations
(5,11,12), thus placing them at an increased risk of
becoming overweight or obese. However, findings from the
four papers examining other cardiometabolic markers
found no significant associations betwesn soreen Gime
behaviours with blood pressure, LDL-cholesterol and
HDL-cholesteral.

Most studies found television viewing was associated
with obesity in adolescents, irrespective of dietary intake.
These findings are similar to other reviews involving chil-
dren and adolescents, where positive associations between
television viewing and adiposity have consistently been

16, Te5-B05, Seolember 201

49|Page



802 Siting and diet £ Fleicher et &l

Chapter Two: Systematic review

ohesity reviews

reported  {6,53-56). For example, in the review by
Tremblay et al, among the 170 studies examining body
composition, the majority of studies found positive asso-
ciations between sedentary behaviour (mainly assessed by
television viewingl and BMI (). Similarly, findings from a
meta-analysis revealed a small but significant relationship
of 0066 (95% CI= 0.056-0.078) between television
viewing and body fatness among nearly 45,000 youth (53).
However, althouph the majority of papers induded in these
reviews adjusted for physical activity, it is unknown
whether the Andings are also independent of dietary intake
(6,53

Althouph television viewing was shown to be indepen-
dently assodiated with adiposity, computer use was not.
This is consistent with previous literature involving chil-
dren and adolescents, where they report a lack of associa-
tion berween computer use and obesity (53,54,57). There
may be a couple of reasons for this difference. Firsdy,
television viewing is at the lowest end of the enerpy
expenditure spectrum and requires less enerpy expenditure
than computer use (58). Secondly, there is increased expo-
sure to junk food advertising while watching television, as
opposed to using a computer use. This exposure to junk
food advertising has been consistendy linked with between-
meal snacking (59). Further, ‘mindless eating” where chil-
dren pay less amtention to how moch they consume is more
likely to occur while watching television as opposed to
using the computer (60).

Of the four studies that examined those cardiometabolic
markers other than adiposity, mo associations were
reported between screen time behaviours with blood pres-
sure, LDL-cholesterol and HDL-cholesteral. This Anding is
in contrast to a previous review by Tremblay ef al. who
reported consistent evidence on the positive assodation
between screen time and blood pressure and total choles-
terol in school-age children and youth (6). However, it was
not clear whether the studies induded in that review
adjusted for dictary covariates. A review by Chinapaw
et al. reported similar findings to the current review where
there was little evidence to draw conclusions on associa-
tions berween “sedentary time” {mainly measured by televi-
sion viewing) and blood pressure or blood lipids {61].

The lack of indings in the present review could be attrib-
uted to 3 number of factors. It could be simply due to the
limited number of studies available that have adjusted for
dietary intake when reporting on cardiometabolic markers
in young people. Alternatively, it could be due to the lack of
lifetime exposure this ape group has had to establish the
risk markers for chronic disease, or to the lack of sensitive
measures used in the studies (such as a2 one-off fasted blood
test) to capture the small adverse effects in their
cardiometabolic profile. Thus, for future studies examining
cardiometabolic markers in children or adolescents, it is
recommended to use more sensitive measures such as a
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continuous glucose monitoring system or flow mediation
dilation that are likely to detect the smaller fluctuations
seen in a younger population group (62).

This review found that the majority of evidence relating
to adiposity was independent of dictary intake. A possible
explanation for this could be that the dictary wariables
adjusted for may not have been sufficient to anenuate the
relationship. However, in the present review, because of the
number of dietary variables examined across the included
studies, it made it diffhicult to determine if independent {or
null} assaciatons were more commonly identified for one
group of dietary variables over another (e.g. total enerpy
intakes ve. macronutrient content}. Additionally, because
of the limited noumber of studies reporting the unadjusted
and adjusted results {for distary intake), it was not possible
to draw conclusion as to whether a particular dietary vari-
able attenuated the relatonship (40,46,4%). Further, it is
also unknown whether these dietary variables reported
were examined while partidpants were engaped in the
screen time behaviours, I the behaviours were not meas-
ured concurrently, this suppests that dietary intake may be
an indicator of an unhealthy lifestyle, rather than due to a
direct association. Currently, there is limited research
examining what dietary variables should be considered as
covariates and what dietary variables, if any, mediate the
relationship between sedentary behaviour and health in
youth.

Another reason for the independent associations
observed could be that dietary intake is simply not a strong
driver of the relationship between screen time and adipos-
ity. Howewer, this explanation is at odds with previous
literature where it is consistendy reported that there are
links between television viewing and clements of an
unhealthy diet, such as lower fruit and vegetable consump-
tion, higher consumption of energy-dense snacks, drinks,
and fast foods, and higher total energy imtake (20).
However, there are mixed fAndings on whether the zame
unhealthy dietary behaviours are linked with other seden-
tary behaviours such as video game use (63-65) and objec-
tively measured total sedentary time {66].

Limitations of the studies in tha raview

Diespite the high quality of studies included in this review,
it is important to ackoowledpe that there were several
methadological limitations. Firstly, the majority of papers
included in the review were cross-sectional, with the four
lonpgitudinal studies identified reporting inconsistent find-
ings (28,3949 51). Therefore, it is unknown whether sed-
entary behaviour and dietary intake are predictive of health
outcomes longitudinally. Secondly, there were considerable
variations in how sedentary behaviour and dietary intake
were examined and assessed. All of the studies included in
our review used subjective measures to assess sedentary
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behaviour. Although these measures are wseful to assess
specific sedentary behaviour domains that could be tar-
geted for interventions (e.g. reducing television viewing, or
total screen time), they do not accurately capture the total
time spent being sedentary. Thus, future studies are needed
that also include an objective measure of overall sedentary
time, such as accelerometers or indinometers, to assess
whether overall sedentary time has the same health impli-
cations as screen time behaviours.

Reparding dietary intake, there were two key limitations
of the studies; the majority of studies only reported
adjusted results and the studies reported on a vast array of
dietary variables. By examining only the adjusted results, it
is unknown whether the dietary variables attenuated the
relationship between sedentary behaviour and adiposity.
For future studies, it would be useful to repont both the
unadjusted and adjusted results when examining similar
outcomes. Conducting mediation analyses would also help
better understand the role of dietary intake in the sedentary
behaviour and health relationship. For instance, was the
relationship between sedentary  behaviowr and  bealth
explained partially or fully by dictary intake? The vast
array of dietary wariables made it diffcult to identfy
common dietary variables adjusted for in the analyses
among studies reporting positive vs. null findings. Future
studies are needed examining the different types of dietary
variables that may influence the sedentary behaviowr and
cardiometabolic health relationship. A suggested starting
point would be to examine the dictary factors that have
previously been shown to be associated with sedentary
behaviour jep. total encrgy intake, fast food intake and
snacking} {20} and adverse cardiometabolic health {e.p.
enerpy-dense foods and supar-sweetened beverages) (67—
&9). By examining specific dietary factors, it will provide
much needed information on what dietary confounders to
adjust for and thus provide preater consistency in future
analyses.

Finally, there were incomnsistencies in the analyses. For
example, not all studies accountesd for missing data where
relevant or for clustering i their sampling design, thus
potentially overestimating the statistical power of their
findings. Additionally, not all studies adjusted for the same
covariates, with only half of the studies adjusting for physi-
cal activity. However, it is interesting to note that there
were no differences in indings between the studies that
adjusted for physical activity and those studies that did not.

Sirengths and limitations of review

Strengths of the review include broad search criteria exam-
ining many electronic sources, and a large number of
studies were screened for elipibility by two reviewers. Addi-
tionally, an adapeed quality asssssment (26,27} was applied
to distinguish low- and high-quality studies and was per-
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formed independendy by two reviewers. However, we
acknowledpe that the cut-off value to distinguish low and
high quality is arbitrary. Other quality assessment tools
such as the Effective Public Health Practice Project (70} and
Downs & Black (71} were considered; however, these
quality took were mostly developed to assess randomized
controlled trials and not observational smudies. It is also
possible that smudies with significant findings were more
likely to be included in the review. This was due to the
inclusion criteria we applied to the review where studies
were only included if they examined all three measures of
interest in the analyses (sedentary behaviour, dietary intake
and a cardiometabolic health outcome}. However, if sed-
entary behaviour or dietary intake was previously found to
be not significant in the initial correlatdon analyses with the
health outcome, then typically these variables were mot
included in the regression analyses.

Conclusion

This systematic review found moderate to strong evidence
of the reladonships between self-reported  television
viewing, total screen time and overall sedentary behaviour
with adipasity, independent of dietary intake. It is impor-
tant to understand the nature of these independent rela-
tionships to help with informing the desipn of future
interventions. For example, how much focus needs to be on
reducing sedentary behaviours or whether targeting both
sedentary behaviour and dietary intake would be more
beneficial. However, further research is stll needed to
examine whether the independent associations remain
when using objective measures to assess overall sedentary
time. Additionally, exploratory and longitudinal studies
would help with understanding whether these behaviours
are ocourring simultaneously, and whether one behaviour
potentially influences the other over time.
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2.3 Manuscript supplementary files

The supplementary files supporting the manuscript “Is the relationship between
sedentary behaviour and cardiometabolic health in adolescents independent of

dietary intake? A systematic review” can be found on the following pages.

The supplementary files for this manuscript include:
» Table S1: Description of the characteristics and main findings of studies
included in the review according to methodological quality
» Table S2: Overall scores of the methodological quality assessment (ranked

from highest to lowest)
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Table S1 - Description of the characteristics and main findings of studies included in the review according to methodological quality

Author, year: 05 Study population and  Sedentary Dietary intake Health Analyses conducted; Results
follow-up behaviour measure  measure outcome adjustments
Kang, 2010%; 84% n = 845, 53% boys, Total 5T (incl TV, Total El {1x24HR) MetS (BMI,  Multivariate logistic + assn: wkend 5T (27h) and MetS (OR
10-18 yrs {mean PC, internet) by WC, fasting  regression (OR 95%Cl), 2.88 95%CI 1.04-7.98), adjusted for
13.4) whday, wkend and glucose, adjusted for age, sex, demographic variables, total El and PA.
BMI 20,6, Korea total week (self- lipids income, residence area, No assn: wkday ST and overall week 5T
report) (objective]  total El and PA, with Mets.
Arango™, 2013; n = 546, 51% boys, TV, PC, VG use Daily intake soft BMI z-s, Linear regression model + assn: >2h/d TV with WC (B=+0.22;
BO0% 11-18 yrs (mean (<or=2hfd); Total  drink, high fat foods, WC, fitness (B (SE)), adjusted for age,  p<0.02) [boys only)
14.4) ST (= or 23h/d), fast foods |objective]  school, location, PA and + assn »3h/d screen time with WC and
BMI 19.2, Colombia by gender [guestionnaire}) diet variables BMI z-s (B=+0.24; p<0.01) (boys only),
[self-report) adjusted for diet
Berkey, 2003%; n=11,887, 43% ST [incl TV, video Taotal El (FFQ) B Linear regression mode| Girls: + assn ST (TV, video and VG) (h/d)
80% boys, and ¥G) and video (self-report) (B, 95%Cl); adjusted for with change in 1-y BMI (+.045, CI .018-
10-15 yrs (mean NR)  only by gender El, age, race, menarche 0.73)
19% overweight, USA  [h/wk) history, tanner stage, Boys: + assn video only with change in 1-y
(self-report) height, and baseline BMI  BMI (+0.07; Cl .004-0.14}
Hsu, 2011%; 80% n=9,023, 47% boys, 5T [incl TV/video, Freq intake FV, BMI Multivariate multilevel + assn 5B {min/d) and BMI (OR 1.11
7-11th grade PC) (minfd) sweets (eg desserts,  (objective) logistic modelling, 95%C1 1.04-1.17), adjusting for all
(mean 15 yrs) (self-report) ice-cream, candy, controlling for VPA, SB, variables in madel
BMI 20.8, China soda), snacks (eg sleep, diet variables,
potato chips), fast health, parental
food (times/wk) edufincome, gender,
(guestionnaire) school level
Peart, 2011%; n= 2,368, 51% boys, TV/video and PC Total El and fat BMI Multinomial logistic + assn: TV/video (>2h/day) with
80% 12-19 yrs{mean 15.4)  use (22h/d) intake (objective)  regression models [OR, overweight OR1.57 (C11.1-2.63) and
35% overweight/ (self-repart) (2x24HR) 95%Cl1]), adjusted for obese OR1.84 (Cl1.24-2.69).
obese, USA covariates in model No assn: PC (>2h/d) with overweight and

(MPVA, diet} and gender,
age, income and race

cbesity
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Author, year; Q5 Study population and ~ Sedentary Dietary intake Health Analyses conducted; Results
Tollow-up behaviour measure  measure outcome adjustments
Tang, 2010°; BO%  n - 2,660, 50% boys, | TV, PC/VE, study Total El, fast food, BMI Hierarchical multivariate  +assn: 2-3h [A0R1.9, C11.5-2 5) and >gh
11-16yrs (mean MR} [=2hfwioday) snacks, soft drinks, [objective]  analyses (A0R, 95%LC1), [A0R3.9, 1 1.5-0.9) TV [hfwkday) with
14% overweight) [self-report) BF and Fv intake adjusted for residence B, adjusted for variables listed
obese, Vietnam [FFO) location, household info,  + assn: study time (after dlass) with BMI
parental characteristics,  [ADR 1.5, 01 1.1-232)
and soft drink, FV, BF No assn: PCAVG with overweight
intake
Must, 200775 n =173, girls only Total 58 (ind % CHO, proteinand  BMIz-s Limear mixed effects + assn: total 5B with %68F |+0.098,
B0 B-12 yrs base; follow-  sleeping, lying, fat, Pv and soft drink  [objective]  modelling, adjusted for p=0.027), but not after adjusting for diet
up 4+ yrs post- sitting and intake (FFQ) % BF [bio- age, parent overweight, N assn: 5T with BMI z-s and %8F, or
menarche standing) (h/d]; 5T impedance] and Fy, soda and % inactivity with BMI z-5
BMIl Z-510.28, USA (h/d] |self-report) protein intake
Sugiyamaa, n=4,508 51%boys, Total 5T (ind TV, Total El, macro-and ~ BMI, SBP, Multiple linear + assn: 5T (h/d) with SBP (OR= 022; C1
2007, 80% 12-19 yrs{imean 15.9)  video, PC and PC micronutrient intake DEP regressions (OR, 95%C!),  .007-0.38, p=_006)
BMI 23.1, USA games (h/d) (self- [1x24HR) [objective]  adjusted for CHO and Mo assn: 5T (h/d) with DEP
repaort) protein intake, BMI-z,
race and income
Goldfield, 2011*,  n =282, 31% boys, TV, WG, PC [h/d) Total E1, % fatintake  BMI, BP Multiple linear regression  + assn: VG (h/d) and SBP (r=0_20, trig
et 14-1B yrs (mean and caloulated for [3-day FR) [objective], (B, 95% CI), adjusted for [r=0.10), C/HDL-C ratio (r=0.19) and neg
15.5) total 5T (hyd) lipids: demographics, BMI, EL, % assn HDL-C (r=0.19] (not adjusted). After
EMI 34.7, Canada [self-report) [Fasting] dietary fat, PA adjusting variables: + assn VG and SBP
[r=0.13, B=1.1) and total ¢/HOL ratio
(r=0.12, B=0.10)
Hardy, 2010%%; n =496, 58% boys, 5T (incl TV, DVD, Usual intake soft BMI, W, Multiple logistic +assn >Zh/d whday 5T and insulin
T 15-16 yrs [mean viden, PC) (< or drinks [< or BP [obj), regression model (OR, [OR3.04) (p<0.05), after adjusting for Wc,
15.4) »2hfd) |self-report)  =250ml/d], EDNP insulin, o5%C1), adjusted for SES, EDNP foods, tanner score and CRE
BEMI 24, Australia foods [daily/not Elucose, adiposity, SES, fitness, [baovys)
daily) (FFQ) lipids: pubertal status, EDMP
[fasting] foods
Nasreddine, n =498 aged 12-19 Total 58 (h'd) Total El, cereals, Bl 2-5, Multivariate bogistic +assn: 5B [h'day] with overweight [OR
2014 74% yrs*, 49.7% boys [self-report) dairies, meat, WC, WHER regression analysis (OR, 112, €1 1.03-121), obesity (OR 1.20,
(total nin study 863, legumes/nuts, Fv, [objective]  95%CI), adjusted for C11.06-1.35), elevated WHtR [OR1.27, CI
BMI 22.3, Lebanon added fats/oils, fast baseline sodio- 1.13-1 43) and elevated WC (OR1.10,
“results reported for 12-13 food, sugar/sweets, demographics, BF intake, CI1.01-1.22)
participants only 55Bs (142 4HR) freq eating out, and PA

: Systematic review
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Author, year; Q5 Study population and ~ Sedentary Dietary intake Health Analyses conducted,; Results
follow-up behaviour measure  measure outcome adjustments
Al-Haif, 1013’-’; n = 906, 51% boys, TV Wideo [TV], Weekly intake BF, B, WC General linear model Mo assn: TV and PC (hyf'd] with BRI or WC
TaR 14-19 yrs (mean PC/fintemnet (PC) 5585 (incl enengy [objective]  [partial eta squared),
16.3), (hfd] drinks]), FV, milk, adjusted for PA, 5B and
29% overweight [self-report) cakes/doughnuts, diet
fobese, Kuwait sweets, fast food
[questionnaire)
Kunesowa, 20075, N =1,427 (aged 5-18 TV, PC/games, Fish and meat fat B Multiple linear + assn: time spent PC with BMI (B =
TaN VEATE] Rssuit repariss reading, drawing intake [objectivea) regression, backward 0.145, 5E 0.061, p= 0U017), adjusting for
gkt (- Mpmen =T [ fadk) [FFO via interview) reduction of insignifiant  variables listed
NR¥ boys,(mean NR) o oip ronorr) factors (B, SE), adjusting
NR, Czech Republic for gender, parent
obesity, age, fish intake,
fat meat intake, PA and
house work
Forshee, 2004, n=2216 52%boys, TVonprevday(h/d Bevintake: fruit B Multivariate regression Mo assn: TV and BMI in both FFO model
TN 12-16 yrs (mean 14) a5 CONtiNWoUS drinks, diet/reg soft  [objectiva) maodels [Coefficient, 95%  and 24HR model
BN 21.7, USA variable) drinks, coffee, tea, 1), adjusted for beverage
[self-report) and beer (FFO, per intake, PA and
mth and 1:x24HR) demographics
Crespa, 2001%, n= 4,069, 49% boys, TV use onprey day, Total El [1x24HR) B Proc Rlogist from Sudaan  + asen: TV [2,3,4 and 5 h/fday] with Ba,
TaN B-16 yrs (mean 12) categorised <1, 2, [objectivea) [RR, 95% CI), adjusted for  independent of total El. Those watching
1% obese, USA 3, 4 or =5h/day agze, income, El, PA =5/day maost at risk (boys OR 2.63, 95%C
[self-report) 1.01-6.85; girls OR 2.53, 95%Cl 1.01-6.36)
Carson, 20127 n = 15,973, 48% TV use [hfd], Freq of junk food BMI -5 Limear regression and + assn: TV and BMI (04 B=0.22 CI 014~
T boys, categorised into intake (incl sweets, [objective]  multiple mediation 0.31), independent of Tv snacking and
12-16 yrs (mean quartiles soft drinks, ke, analyses (B, 95% C1), junk food intake
141) (self-report) potatoes, chips, adjusted for gender, age,
24% overweight french fries) (newer race, family structure,
fobese, Canada o everyday) SES, diet variables
[questionnaire)
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Author, year; Q5 Study population and ~ Sedentary Dietary intake Health Analyses conducted,; Results
follow-up behaviour measure  measure outcome adjustments
vik, MIGE;?CH n=2E70,51% boys, 5T incl TV/PC use Fv and unhealthy B Multivariate logistic + assn: TWPC [hfwi) with EMI (OR 1.09,
15-16 yrsimean 15.5]  [h/d after school) snack intake (ind soft  [self-report] regression analyse (OR, C1 1.00-1.17), after adjusting for Model 4
24% overweight/ [self-report) difinks, candy and 85% Cl), adjusted for variables. After adjusting for dieting
obese, Norway potsto chips) migals eaten, gender, [miodel 5), no longer significant
(questionnaire] education plans, Fy,
unhealthy snacks and PA
[model 4], and dieting
[model 5)
Zhang, 20107, n =967 aged 12-18 TV and study (h/d)  Total El, fat intake Bl Regression analyses (R°), Mo assn: TV (h/d) and study (h/d) with
[y ] yrs, 54% boys (totalm  (self-report) [grams, %E1) [ohjectiva) adjusted for survey year, change in BMI from 1997 to 2000 or 1997
study = 1,977, [3H24HR) pender, region, family to 2004, adjusting for variables listed
65.2% overweight, income, diet, PA and TV
China
Fulton, 20097, n = 472, 48% boys, Total S8 (ind T, Total E1 [FFO) BMI, FAMI,  Longitudinal multilevel + azsn: for every 100min/d of SB, BMI and
(4] E-14 yrs (mean 106 reading, PC) FnI maodelling, EI, 58, MVPA,  FFM increased _10kg/m?], adjusted for EI,
base; 14.4 follow-up)  [100minSd) [objective]  gender and race MVPA, gender and race
BRI 20, USA [self-report) Mo assn: 5B and FMI
Hume, 2005, n = 580, 48% boys, 5T (Tv and PC], by Ave daily intake of B, W, Logistic regression, +assn: 3h/d 58 (OR 3.4, 95%C1 1.1-10.7)
6% 12-13 yrs (mean gender [h/d) 558z and high skinfolds adjusted for ethnicity, and >4h/d 58 (DR 5.5, 95%C1 2.1-14.1)
12.75) [self-report) calorie snack fonds [objective]  organised sport, intake of  with WC in girls only. No significant assn
BNl 1B.6, (incl soda, candy, 5585 and snacks, and among boys
Netherlands potato chips] [prev clustering by school
week)
[questionnaire)
Janssen, 2004, n = 5,890, 48% boys, Tv/fvideo and PC Ave weekly intake of  BMI Multiple logistic + assn: TV [hy/d) and BMI, with increasing
4% 11-16yrs (mean MR}  use, by gender on Fv, sweets, soft [self-report] regression [OR 95%C1), TV time having greater odds of
BRI 20.2, Canada typical whday and drinks, cake/ adjusted for age, dietary  owverweight and obese in both girls and
whend (h/d) pastries, chips variables and leisure time  boys [(OR ranged 158 to 2.42)
[self-report) [questionnaire) activities (e_g. PA, TV) Mo assn PC (hfd) and BMI (p=0.1)
Giammette, n = 305, 48% baoys, TV, PC, WG (=2h/d)  Daily intake of B Logistic regression +assn: =2hfd TV and BMI =B5" [OR 1.5 C1
2003, 64% 11-14 yrs (mean (self-report) regfdiet softdrinks  [objective)  (parameter estimate/OR,  1.17-1.93), after adjusting for soft drink,
12.6) [questionnaire) 5E), adjusted for soft age and sex. After adjusting for ethnicity,

BMI z-5 057, USA

drink intake, age and sex

no longer significant.
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Author, year; Q5 Study population and  Sedentary Diatary intake Health Analyses conducted; Results
follow-up behaviour measure  measure outcome adjustments
Shan, 1:110"-"; 60% n=19,517 aged 6-18 Total 5T (22h/d) Alcohol, 5585, snack  BMI Multinomial logistic Mo assn: 5T (hyd) and overweight
yrs, 50% boys (total n (proxy and seif- food and fast food [objective]  regression models (A0R,  +assn: 5T 2-3h/d (ADR 1.27, €1 1.12-1.44)
in study 21,198) report) intake (times/wk) 5% Cl), adjusted for and 5T =4h/day [&0R 1.32, €I 1.07-1.62)
22% overweight/ [questionnaire) covariates in modeal with obesity, adjusted for variables listed
obese, China [smioking, diet variables,
sleep) and age, gender,
tanner stage and
residence location
Dehva, 2007%; n = 35,011, 46% T use whday and Freq intake of green  BMI Multiple logistic + assn: TV freq with BMI, adjusting for
[-iE ] bays, whend, by gender Py (mewver to [self-report] regression (DR, 95%cC1),  diet (boys OR 1.09 C1 1.11-1 18; girls OR
13-16 yrs (mean [h/d] |self-repart) eweryday) (FFQ) adjusted for race, 1.15C11.11-1.18]
14.5) population density,
25% overweight region, eating freq,
obese, UsA sleeping freq, PA and
parenting
Elgar, 2005%; 60% n = 355, 45% boys, Tv/video, PC games  Freq snacks/day BMI Multiple regression + azsn: TV in yr 7 related to BMI inyr 11
11-17 yrs (mean 123 [h/wk) intake [objective]  amalyses (B, SE), adjusted  (B=0.15, P=0.006), adjusting for
base; 15.4 follow-up)  (self-report) [questionnaire] for demographics, sports, demographic variables and snacksday.
BNl 20, Wales meal skipping and Mo sig effect after adjusting for baseline
snacks/day BB

Q5: Quuality score, ME: not reported, incl: inchades, TV television viewing, PC: compuier nse, VG video game use, 5T: tofal screen time, SB: sedentary behaviour, hid: hours per day,
whkday: weekday, wkend: weekend, BF: breakfest, FV- fruit and vegetable, 55Bs: sugar sweetened beverages, EI: energy intake, bev: beverage, EDNP. energy-dense onirient poor
(foods), CHO: carbohydrates, FFQ): food frequency questionnaire, 24HE: 24 hour food recall, BMI: body mass index, z-5: z-score, WiC: waist circumference, FFM: fat free mass,

FFMI: fat free mass index, BF: body fat, BF: blood pressure, SBF: sysmlic blood pressure, DEP: diastolic Blood pressure, PA: physical activity, MVPA: moderste to vigorous piysical
activity, SES: socio-economic stams, OF: odds ratio, AQR: adjusted odds mtio, CT: confidence interval, SE: standard emror, + assn: siznificant positive assoeciation, - assne significant

negative association, no Assn: no siznificant associaton.
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Table 52 - Overall scores of the methodological quality assessment (ranked from highest to lowest)

Study design Variables and Statistical

Author/eriteria Target pop. Sample Data source Measurement methods Total o
(out of 15)
1 2 3 4 5 6 7 2 9 10 11 12 13 14 15
Kang, 20104 0 1 1 1 1 1 1 1 1 1 0 1 1 0.5 1 12.5 84
Arangp_ 201330 0 1 1 1 1 1 1 1 1 1 0 0 1 1 1 12 80
Berkey, 2003% 1 0 0.5 1 1 1 1 1 1 1 0.3 1 ] 1 1 12 80
Hzn, 20114 0 1 1 1 1 1 1 1 1 1 0 0 1 1 1 12 820
Paart, 20114 0 1 1 1 1 1 1 0 1 1 0 1 1 1 1 12 80
Tang, 20103 0 1 1 1 1 1 1 1 0 1 0 1 1 1 1 12 80
Must, 20072 1 1 0 1 1 1 1 0 1 1 1 0 1 1 1 12 80
Sugiyama, 20079 | 1 1 1 1 1 1 0 1 1 0 1 1 1 1 12 80
Goldfield, 20114 Q 1 0 1 1 1 1 1 1 1 0 1 1 1 0.5 115 77
Hardy, 2010 0 1 0.5 1 1 1 1 0 1 1 1 0 1 1 1 11.5 77
Nasreddine, 201450 0 1 1 1 1 1 1 1 0 1 0 1 1 0 1 11 74
Al-Haifi, 201332 | 1 05 1 1 1 1 1 1 1 0 0 1 05 1 1 74
Kunesova, 20073 | 1 0 1 1 1 1 1 1 1 0 05 1 05 1 1 74
Forshes, 2004 Q 1 1 1 1 1 1 0 1 1 0 1 1 1 Q 1 74
Crespo, 20013 0 1 1 1 1 1 1 0 1 1 0 1 1 1 0 1 74
Carzon, 2012%° 0 0 1 1 1 1 1 1 1 1 0.3 0 ] 1 1 10.5 70
Vik, 20108 0 1 1 1 1 1 1 1 1 1 0 0 0 1 0.5 10.5 70
Zhang, 2010% | 1 03 1 1 1 1 0 0 1 0 1 1 0.5 1 10 67
Fulton, 20091 1 1 0 0 1 1 1 0 1 1 0 0 1 1 0.5 93 64
Hume, 20094 0 0 0.5 1 1 1 1 0 1 1 0 1 1 1 0 93 64
Janssen, 200436 0 1 0.5 1 1 1 1 0 1 1 0 0 0 1 1 03 64
Giammettei, 200337 0 1 0 1 1 1 1 1 0 1 0 0 1 0.5 1 93 64
Shan, 20104 0 1 05 1 1 1 1 0 0 1 0 0 1 05 1 9 &0
Delva_ 20073 | 1 1 1 1 1 1 0 1 1 0 0 0 1 | 9 60
Elgar, 2005% 1 1 0.3 1 1 1 1 0 0 1 0 0 1 0.5 0 g 60
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2.4 Summary

This systematic review identified and summarised the current literature that has
either performed mediating analyses or accounted for dietary intake when exploring
the associations between sedentary behaviour and cardiometabolic health markers in
adolescents. Overall, the majority of studies included in the review found significant
positive associations between TV viewing, screen time and self-reported total
sedentary behaviour with markers of adiposity, irrespective of dietary intake. The
systematic review also highlighted a number of gaps in the literature, in particular,
the limited number of studies available that have examined relationships between
sedentary behaviour and cardiometabolic risk markers other than adiposity (e.g.
blood pressure, glucose, inulin) and the lack of objective measures used to assess
sedentary time (e.g. accelerometry). The review also highlighted the inconsistency of
dietary variables examined in the studies. This could be evidence of convergent
validity, thus making it difficult to assess the overall impact of specific dietary

factors on the sedentary behaviour and cardiometabolic health relationship.

Based on the findings from this systematic review, the thesis has been structured
accordingly to address the identified gaps in the literature. These include: examining
the relationship between sedentary behaviour and cardiometabolic health in
adolescents using a combination of self-reported and objective measures of sedentary
behaviour; investigating key dietary variables that could potentially mediate the
sedentary behaviour and cardiometabolic health relationship; and examining a
number of cardiometabolic outcomes, including measures of adiposity (e.g. BMI),

metabolic syndrome and individual cardiometabolic markers such as glucose. The
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next Chapter will outline the overall aim of the thesis, the specific objectives and
hypotheses for each study and highlight the significance of the potential findings of

this thesis.
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CHAPTER 3: RESEARCH AIMS

3.1 Aims and objectives

The overall aim of this thesis is to explore the role of dietary intake in the
relationship between sedentary behaviour and cardiometabolic risk markers in
adolescents. Specifically, the thesis has four main objectives that address the gaps

outlined previously:

1) Examine the cross-sectional mediating effects of dietary intake on the
relationships between self-reported sedentary behaviour (e.g. TV viewing),
BMI and metabolic syndrome in U.S. adolescents (Study 1)

2) Examine the cross-sectional mediating effects of dietary intake on the
relationships between objectively-measured sedentary behaviour (e.g. total
volume and bouts), BMI and metabolic syndrome in U.S. adolescents
(Study 2)

3) Examine the cross-sectional and prospective mediating effects of dietary
intake on the relationship between sedentary behaviour (both self-reported
and objectively-measured) and BMI in Australian adolescents (Study 3)

4) In an experimental study, examine the role of dietary intake (high-energy diet
versus standard-energy diet) on the relationship between uninterrupted sitting,
sitting with resistance-type activity breaks and postprandial glucose in

healthy Australian adolescents (Study 4)

3.2 Hypotheses

The overarching hypothesis of this thesis is that dietary intake partially mediates the

relationship between TV viewing and the cardiometabolic health outcomes
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examined, both cross-sectionally and prospectively. However, it is hypothesised that
diet would not mediate the relationship when objectively assessed total volume or

bouts of sedentary time are examined.

Study 1: Mediating effects of diet on associations of TV viewing, body mass index,
and metabolic syndrome in adolescents

Study 1 examined whether five different elements of dietary intake (e.g. total energy
intake, fruit and vegetable intake, discretionary snacking, sugar-sweetened beverage
consumption, and dietary quality) mediate the relationships between TV viewing,
BMI and metabolic syndrome in a large sample of U.S. adolescents. It was
hypothesised that a lower intake of fruit and vegetables and a lower dietary quality
score, and higher intakes of total energy, discretionary snacks and sugar-sweetened
beverages would mediate the positive relationships found between TV viewing with

BMI, and TV viewing with metabolic syndrome.

Study 2: Mediating effects of diet on associations of volume and bouts of sedentary
time and cardiometabolic health in adolescents

Study 2 examined whether five different elements of dietary intake (e.g. total energy
intake, discretionary snacking, sugar-sweetened beverage consumption, fruit and
vegetable intake and dietary quality) mediated the associations between objectively
assessed total volume and bouts of sedentary time with BMI and metabolic syndrome
in U.S. adolescents. It was hypothesised that none of the dietary intake variables
would mediate the positive relationships found between total volume and bouts of

sedentary time with BMI and metabolic syndrome in U.S. adolescents.
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Study 3: Cross-sectional and prospective mediating effects of diet on associations
of sedentary behaviour and body mass index in adolescents

Study 3 examined the cross-sectional and prospective mediating effects of the
frequency of consuming discretionary snacks, sugar-sweetened beverages and
takeaway foods on the association of TV viewing with BMI in Australian
adolescents. It was hypothesised that the consumption of discretionary snacks, sugar-
sweetened beverages and takeaway foods would partially mediate the cross-sectional
and prospective associations between TV viewing and BMI, but would not mediate
the cross-sectional or prospective associations between total volume and bouts of

sedentary time with BMI.

Study 4: Effects of breaking up sitting on adolescents’ postprandial glucose after
consuming meals varying in energy: an experimental trial

Study 4 examined the impact of uninterrupted sitting versus sitting with resistance-
type activity breaks on adolescents’ postprandial interstitial glucose responses while
consuming a high-energy diet and standard-energy diet. It was hypothesised that the
activity breaks would significantly attenuate postprandial glucose compared to
uninterrupted sitting for both meal conditions, but would have a greater attenuation

in the high-energy diet condition.

3.3 Significance

This thesis presents unique epidemiological data on the role that dietary intake plays
in the associations between various sedentary behaviours and cardiometabolic risk
markers. It also presents unique experimental data on the role that dietary intake
plays on postprandial glucose when sitting is prolonged or when sitting is interrupted

with postprandial glucose in a controlled setting. The findings from this thesis are
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important for a number of reasons. Firstly, the findings may help to understand the
current discrepancies in the adolescent literature. For example, as this thesis
specifically examines the mediating role of dietary intake in various relationships
between sedentary behaviour and cardiometabolic health, it will help to understand
whether the consistent associations observed between TV viewing and BMI are
driven partially by dietary intake. Further, this thesis explores other cardiometabolic
risk markers (e.g. metabolic syndrome and postprandial glucose) which will add key

health evidence in an area that is currently lacking.

Secondly, the findings may inform future interventions to establish how much focus
needs to be on changing certain lifestyle behaviours. For example, if dietary intake is
shown to be a mediator between TV viewing and obesity, targeting a reduction in TV
viewing time may subsequently reduce energy intake and discretionary snacking. In
contrast, if diet is not found to play a key role in the sedentary behaviour and health
relationship, these findings will further highlight the adverse independent effects

sedentary behaviour has on cardiometabolic health.

Thirdly, findings from this thesis may help contribute evidence to inform future
public health guidelines. Currently, the sedentary behaviour guidelines for
adolescents recommend breaking up long periods of sitting as often as possible (as
well as recommending screen time being limited < 2 hour/day).! However, to date,
there are no guidelines on the ideal time to break up sitting (e.g. before or after
consuming a main meal) or on how much and how long we should be breaking up
sitting time. Findings from the experimental study (Study 4) may help to contribute
novel evidence on whether there are additional health benefits in interrupting sitting

time when performed after consuming a main meal.
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Lastly, findings from this thesis contribute further evidence to the sedentary
behaviour research area, which overall, may have a significant impact at the
population level. For example, given sedentary behaviour? and dietary intake® are
often established at a young age, any health related behaviour changes that can be
made during adolescence (whether it be small or large) may reduce the risk of
developing lifestyle-related chronic health conditions during adulthood. Therefore,
by preventing or tackling the issue during adolescents, this may have the potential for

future public health benefits through reducing the burden of disease.
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CHAPTER FOUR: STUDY ONE

MEDIATING EFFECTS OF DIET ON ASSOCIATIONS OF
TV VIEWING, BODY MASS INDEX, AND METABOLIC SYNDROME

IN ADOLESCENTS

4.1 Overview

The systematic review in Chapter Two found only one study had specifically used
mediation analyses to examine the role of dietary intake in the associations between
TV viewing time and BMI, with the other studies adjusting for dietary intake in a
regression analyses. The lack of studies performing mediation analyses makes it
difficult to understand how much, if any, dietary intake is on the explanatory
pathway between sedentary behaviour and cardiometabolic health. In addition, the
majority of studies assessed markers of adiposity as the outcome, with very few
studies examining other cardiometabolic markers. Therefore, the aim of this study
was to explore the mediating effects of dietary intake on the relationship between TV
viewing and two key cardiometabolic health outcomes: BMI and metabolic

syndrome.

The following study has been published as a manuscript in Obesity Science &
Practice (a new journal affiliated with the journals Obesity, Pediatric Obesity and
Obesity Reviews) and has been formatted according to their requirements. The
citation for the manuscript is: Fletcher EA, McNaughton SA, Lacy KE, Dunstan DW,
Carson V, Salmon, J. Mediating effects of dietary intake on associations of TV
viewing, body mass index and metabolic syndrome in adolescents. Obesity Science &

Practice. 2016;2: 232-240. The manuscript supplementary files can be found directly
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after the manuscript in Section 4.3. The ‘Authorship Statement’ for this manuscript
and a copy of the ‘Permission Statement to Publish’ this manuscript are contained in

Appendix C.1 and Appendix C.2, respectively.

Findings from this manuscript were presented at the International Society of
Behavioral Nutrition and Physical Activity conference in Cape Town, South Africa
in June 2016 and at the 11th Research Degree Symposium held by the School of
Exercise and Nutrition Sciences, Deakin University in Melbourne, Australia in
September 2015 (abstracts available in Appendix C.3 and Appendix C.4,

respectively).

The author contributions to the manuscript were as follows, with the candidate
contributing to all aspects of the manuscript process: Fletcher, McNaughton,
Dunstan, Lacy and Salmon designed the study; Fletcher calculated the main variables
used in the analyses with guidance from McNaughton in calculating the dietary data;
Fletcher performed the main analyses with guidance from Carson; Fletcher wrote the
initial draft of the manuscript; and McNaughton, Lacy, Dunstan, Carson and Salmon
provided critical edits and editions to the manuscript. All authors approved the final

manuscript.
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Summary
Objective

Evidence suggests thal TV viewing is associaled with body mass index (BMI) and me-
tabolic synaome (MelS) in adolescents. However, it is unckar whelher dietary intake
wrninles Mese petationships.

Metiods

A emss-soetonsl snalis was contucied i addescents (12-19yesrs) parbeipaling in
e 20032006 Unied Stales Mational Healh and Nulstion Examinaion Survey. Bl 2
seeres ZEMI) f1=3,161) and MetS 1 =1379 wer calculsied using age and sex-
specific erleda for adolescents. TV viewing (vday) was measwed via a sel-mported
eueslionnare, and dielary ntike waes assessed EiNg two 34-h recslls Using e
Maciinnen meod, 8 series of medislion ansyses wem cmnducted examining Tive
diolary medimlors flotl eney inske, Ful and vegetable intike, discrolinary macks,
sugir-swesloned boverages and diel quaiity) of the reatonships betwesn TV viewing
and zBM 1 and Meis.

Recaved 21 March 2016 revisad 3 Jny
2016; acceplad & Juy 2016

Razults

Small posilve relafionships were observed between TV viewing and zBMI {fi=0.99,
£ < 0L001) and TV viewing and MelS (O = 1.18, p =0.045 .. No dislary element sppeared
o medige he reldionship bolwean TV viewing and ZBML However, sudar- swoealaned
Deverags congurplion and Ful and vegalabk alske parkally medised he rdatonship
betwesn TV viewing and MetS, explaning 87% and 41% of the reisfionship,
rasnasd valy.

Conclusions

Address hmreq:nm: EA Fisicher,
Instiue for Physical Activity and Nuldtion
AP AN), School of Exercise and Nulrlion
Scinces, Deskin University, 221 Burwood
Highw sy, Burwood, Vie T125, Ausrala.
E-rumil: eily Theteheshoeskin e

These findings highlight the compiledly of he reationships between TV viewing, dietary
inlake and eardiom siabolic hesih culeomes, and thal TV viewing should remsin 8 trget
for inlerventions.

Keywords: BMI, dietary iniake, metabolic syndmome, elevision

Introduction

Cumently, 17% of adolescents from the United States
{US] are obess, and 58% have extreme obesiy (1).
Concemingly, among obese adolescents, 30% hawe the
metabolic syndrome (Met5) (2], a condition charac tesized
by a collection of risk fectors that increase a person’s
chances of developing type 2 diabetes and candiovascu-
lar dise ase (3). Because obedity has besn shown to track
from adolescence to adulthood (4) and obesity-related

2 216 Tha Authars

behaviours are often established at a young age (5,6), it
is imperative to understand the key drivers of adolescent
abe ity and MetS to belp inform effective interventions.
Time spent watching TV has consistently been shown
to have adwerse links with adolescent obesity (7] and
MetS (B). Howewer, the exact mechanism underying
these associations remains unclear. t has been sug-
gested that TV viewing may displace time spent in physi-
cal activity. Howewer, a meta-analysis of 163 studies in
children and adolescents found that the association

Oty Scence & Pacics published by Jobn Wilay & Sores Lid, Wodd Obesity and The Dbesity Sodety. Dbesity Sdence & Praclios 1
Thi= i an opan acoes= atids urndar ta Brmes of tha Crastive Cammans Attrbufian -KNan Commen iaHNoDedve Liceanse, which parmits uss and
distdbutinn in any medium, provided tha ariginal wodk i= popedy died, the uss i= non-commemial and no modicatons o adaptdions am

rmacla.
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betwesn TV viewing and physical activity was wery small
{r= —0.108), implying that children and adolescents may
have both high amounts of TV wiewing and physical
acthity (8). Alemativety, TY viewing has besn consis-
tenthy linked to elements of an unhealtthy dist such as a
higher enengy intake, a greater intake of sugar-sweetaned
bewerages (S58) and snacks, lower intakes of fruit and
vegetables, and a poorer overall diet (10-13). These un-
healthy dietary elements are also important sk factors
for obesity (14) and MetS (15).

Thesefore, this poses the question as to whether the
assodciations found between TV viewing, body mass index
{BM) and MetS could be partially ecplained by elemants
of a less healthy diet. § dietary intake is found to partially
medate these relationships, these indings will help to in-
form future imensntions that targeting both TV viewing
and dietary intake may hawe a greater impact on reducing
abesgty or MetS prevalence rather than targeting these
bethaviours individually. To date, only one study has spe-
cifically explored the mediating role of diet in an adales-
cent population and found TV snacking and junk food
consumption did not mediate the relationship between
T viewing and BMI {16). Howewer, this study was limited
by only examining two distary mediators, and only ex-
plared the relationship betwean TV viewing and BMI.

Therefore, the present study aims to identify whether
fiwe different elements of dietary intake (e.g. total energy
intakea, fruit and wegetable intake, discretionary snacking,
558 consumption and dietany quality may partially medi-
ate the relationships betwesn TV viewing, BM| and MetS
in a large sample of US adolescents. it is hypothesized
that a lower intake of fruit and wegetables and diatary
quality score, and a higher intale of total energy, discre-
tionary snacks and 55B will medate the relationships
between TV viewing with BM|, and TV viewing with Mat5.

Methods

The Mational Health and Mutrition Examination Survey
conducted in 20022004 and 20052006 had a muki-
stage, stratified sampling design used 10 recruit & repre-
sentative cross-sectional sample of the US population.
The 20032004 and 20052006 years were selected
because of having the same dietary varables in both
datasets and availahility of the accelerometer data. Ethics
was approved by the Mational Center for Health Statistics
Institutional Review Board and Reseanch Ethics Review
HBoard (Protocaol #38-12). Full details of the data-colle ction
procedures are available elsewhere (17). In total, 5,138
adolescents aged 12-19years wene initially contacted
and invited to participate in the study. Of those
appmoached, 4,591 adolescents provided consent and
completed a questionnaire on their demographics and

activity/sedentary behaviour levels. Afterwards, 4 455
adolescents attended a health examination visit to collect
physialogical messurements and to complete one of two
24-h dietary recall. The same participants were then
followed up 4 to 11days later to complete the second
24-h dietary recall.

Cardiometabolic: rmesas unermant s

Hsaight, weight, waist circumferance, blood pressure, fsting
bkood glucose and insulin, and semum lipids were measured
fram the participants who attended the health examinafion
visit. The full protocol and sssessment of anthopometnc
measures and blood analses can be found dsewhens
{18,18). Brisfly, height and weight were measured in a
light gown without shoes by a research nurse, and waist
circumierence was measured using a flexible stee] mea-
suring tape undemeath clothing at the uppemmaost |ateral
border of the ilium crest. Height and weight wers used
to calculate each participant’s BMI z scores (zBMI) using
age- and sex-gpecific BM| percentiles (STATA, SH3-2
dm0D04 _1) based on the 2000 Centers for Disease Con-
trol and Prevertion US growth charts @£0). Waist circum-
ference, systolic and diastolic blood pressure, blood
glucose and insulin, and serum lipids were used to cal-
culate the presence of MetS following the age- and
sex-specific criteria specifically designed for adolescents
s&t by the Imtemational Diabete s Federation. According to
these criteria an adolescent (aged 1210 years) has MetS
ifhe or she has an elevated waist circumference and two
aor maore of the following four criteria: elevated systolic or
diastolic blood pressure, low HDL-cholestendl, elevated

triglycenides and edevated plasma glucosa {3).

Telavision viewing

The amount of time spent watching TV was self-reported
via the question ‘Ower the past 30 days, on average about
how many hours dd you sit and watch TV or videos?".
The response aptions werns: none, less than 1h, 1h, 2h,
3h, 4h and 5h or more. Similar questions hawve been
shawn to be reliable in youth {21). For all analyses, TV
vienwing was treated as a continuous variable.

Diatary intake mediators

Dietary intake was assessed wia two  interviewer-
administered 24-h distary recalls, deliwered via a
computer-assisted system fthe Automated Multiple-Pass
Methad) 22). Participants aged 12 years and older re-
parted their first dietary recall at the bealth examination
vigt, and the second dietary recall was conducted 4 to

11 days later by telephona. All dietary data were coded
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using the LISDA Mational Mutrient Detabase for Standard
Reference £:3).

Based on previous assodciations with TV viewing time
{11,12,24,25), the distary intake elements examined as
mediators included: (i) total enengy intake; §) fruit and
vegetable consumplion; (ii] discretionary snack con-
sumption; {iv) 558 consumption and {v) diet quality. All &
etary imake elements weme calculated based on the
average of twodays of dietary recall data. Total energy in-
take (calones) was caloulated for each participant based
on the quanity of food and beverages reported. Duaily
sarvings of fruit and wegetables were calculated using
the Food Pattens Equivalents Detabsse (26). Fruit was
defined 2= any whaole fruit fnot including fruit juice) and
vegetables included potatoes, beans and legumes. A
sarving of fruit or wegetables was equivalent to one cup
of raw, canned or fozen fruit or vegetables, or two cups
of leafy green vegetables 6],

DEscretionary snacks were defined as grain-based and
dairy-based desserts, cereal-, protein-, granola- and
athes-bars, swest snacks and candies, sugar-syups
and presenves, satty snachs from grain or starchy vegeta-
bles and dips/spreads. Artifici ally swestened snacks wene
excluded {27]. 558 were defined as any non-alcohalic
bever age with added sugarincluding soda, fruit-flavoursd
drinks {naot 100% juice), sweetened tea, coffes and milk
drinks, sport drinks and energy dhinks £8). Amy ‘diet’
drinks, 100% fruit juice, or unswestened tea or coffes
were nat included as a 558. A sening of discretionany
snacks and a sanving of 558 was equivalent to 143 calo-
nies {600 kilajoules) £23).

Dist quality was measured using the Healthy Eating In-
dex 2010 (HE-2010) @20). The HEI-2010 is a sconng sys-
tem developed by the LS Department of Agricutture that
measures the degree of compliance to the 2010 Dhetary
Guidelines for Amenicans (31). Brsfly, the HEI-2010 is
made up of 12 food-based components: §i] botal firuit; (i)
whale fruit; fii] total vegetables; (i greens and beans;
] whale grains; (v dairy; fvil] total protein foods; (Wil
seafood and plamt proteing; ¥ ftty acids; {x] refined
grains; fd) sodium and i) empty calones {defined as cal-
anies from solid fat, alcohol and added sugars). The first
nine components represent adequacy componeants and
the last three represents moderation components. The
compliance to each of the 12 companents is scored sep-
arately, and then summed together {scores ranging from
0ta 100) with higher scores indicating gre ater compli ance
with dietary recommend ations.

Covanates

The covariates considered in the analyses wers based
on previous literature ecamining mediation analyses

0 A7 6 Tha Authas

betwesn screan time and ZBMI in adolescents (16). The
covarnates included age (in years), sex, ethnicity, socio-
economic podtion {SEP), selfreported physical activity
intensity and distary imake under-reporting. SEFP repre-
sants the family poverty-income-ratio and was calculated
by dividing fmilty income freported by a parent] by the
poverty guidelines {scores range 0-5), and self-reported
physical activity imensity was calculated by averaging
the metabolic equivalence scome of all activiies per-
formmed ower the past 30days (scores range 2 5-10). An
objective accelerometer-derived messure of moderate-
to-vigorous physical activity was initially considered a5 a
covariate in the anahrses; however, it reduced the sample
by almost 50%. Distary intake underseporting was
assessed on the basis of the ratio of total energy intake
with estimated energy expenditure. Those with an ensmgy
intake to enengy expenditure ratio of at least 2 standard
deviations below the mean were classified as under-

e parters §2).
Statistical analysis

Ta be included in the analyses {Figure 1), participants
must be aged 12-18years and not pregnant, hawve two
days of complete dietary data obtained from the 24-h
food recalls, have complete data on self-reported TV
viewing, physical activity imtensity, ethnicity and SEP,
and have complete height and weight measures in order
to calculate zBMI {p=23,161). To examine the presence
of MetS, separate anahrses were also undertaken from a
subsample of participants whahad the previous inclusion
criteria &s well a5 a fasting blood sample at the health ex-
amination vidt f1=1,379).

Analyses were conducted using STATASE 14.0 soft-
ware {5 tataComp LP, College Station, Texas, P015). To ac-
count for the complex survey sampling design, sample
weights were applied to the descriptive statistics and to
all mediation analyses. The 2-year weights were calou-
lated toa combined 4-year weight by multiphding half of
the assigned 20032004 and 200522006 2-year weight
{eug. 1/Z°WTDRD1). The 4-year distary weight was then
used for all analyses imiohving zBM | and the 4-year fasting
blood sample weight was used in the anahrses inwohving
MetS. The signiicance level was set at P« 0.05 for all
statistical tests.

Prior to the analyses, all vanables were checked for
nomal distribution. Total energy intake, servings of fruit
and wegetables, servings of discretionary snacks and
sanvings of 558 were not nomally distributed and wera
kg tansiomed. Using the poduct of coseflicients
meethod by MacKinnon ef &l (23], individual linear regres-
sion models were used totest whether each of the five di-
etary vanables mediated the association between TV
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Population selected
(12-19 years) (n=5,138)

Did not wantto participate

ationvisit {n=4,455)

i [n=547)
Imterviewed sample
(n=4,591)
Did not attend health
examination visit {n=136)
Attended healthexamin-

Excluded participants who

¥ were pragnant (r=105)

Mot pregnant
{n=4,350)

Excluded participants with

L 4

1-day dietrecall [n=326)

Complete 2-deys diet recall
(n=4,024)

Excluded participants with
missinginformationan:

Complete sefreported
survey data (n=3,217)

TV (n=105], PA (n=531) and
SEP/race (n=172)

Excluded participants with

Complete EMI measures
n= 3,161 {zBMIsample)

no helght and/or weight
measures [n=36)

Excluded participants who

¥

Fasting hlood sample
n=1,319 (MetSsample)

did not have fasting blood
sample taken [n=1,782)

L 4

Figure 1 Study indusian fiow diagram of Nafioral Health and Nutrifon Examinafion Survey 2003-2006 cohart and amalytic sample.

viewing and zBMI or MetS {Figure 1). All dietary mediastors
were entered into separate regression madels to minimize
collinearity betwesn variables fe.g. fruit and vegetables
with distary quality). All models contralled for age, sex,
ethnicity, SBP, dietary intake under-reporting and self-
reparted physical activity.

A= shown in Rgure 2, for each mediation model, the
following associations wene tested (i) associations
between TV viewing time and the five dietary mediastors
{a-coefficient); il associations between the five dietary
medators with zZBMI or Met5, adusiing for TV viewing

time {b-cosefficient); fii] the total effect of TY viewing time
and zZBM| or Met5 {c-coeflicient) and (i the direct effect
of TV viewing time with BMI or MetS, accounting for the
dietary mediators {'-coeficient). The mediating effect,
alsa known as the indirect effect, of the dietary variables
was calculated by multiplying the & and b coefficients
fa =b) and presented as a percentage of the mediated et
fect {ab/ {" +ah)). For the MetS outcome, the coefficients
were used to calculate the mediating pathw ays; howewer,
the odds ratios are presemted in the tables for descriptive
purpases.
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Dietary intake

7N

T EBMI f MetS
-

TV viewlng [

Figure 2 Theorefical diagrmm of fha medation pedfee ys between TV
wiewing, distary intke and zEMUMetS. a-confident amsodadon
betwaan TV viewing tima wit the distary madators; b-ooefficent:
E=adaian betwean ha dietry madisioes with 2B WS, o-confi-
dant otal aflect of TV viawing time with 28 MM S -ooaficant:
tha drect eflact of TV viewing time with zBMLIMatS, acoouning for
tha detary madiatans; zBME: BMIz scana, MatS: metabolic syndmoma.

Results
Participant characterdstics

Participant charac tesistics are shown in Table 1. Cwerall,
3,161 participants had complete zBMI profiles and 1,378
participants had complete data for identifying MetS. Ap-
preedmatedy 53.1% of participants were male, and the
mean age was 154 vears. In the group with complets
data for identifing MetS, 8.1% were classified as having
MetS.

Relationship between TV viewing and diet
{a=coafficient)

In the zBMI sample, TV viewing had a significant imverse
association with diet quality, implying that for every hour
of TV watched, dist quality decreased by 686 units
@5%%C] —1.45 —2.28) (Table 2). In the MetS sample, TV
viewing was also inversely associated with dietary quality
{f=-75%; 85%C] —13.65, —1.53) and had a significant
positive association with S5B consumption =033,
85%Cl 0.03, 0.76) (Table 3.

Relationship between dist and body mass
indax'metabolic syndrome b-coafficlant)

in the ZHMI| sampla, total energy imtake {= —0.08; 85%Cl
—0.17, —0.00) and discretionary snacks [f=—202; 85%
Gl —3.16, —0 AT bath showed a small inverse association
with zBM |, after accounting for the covariates and TV
viewing {Table 2). In the Mets sample, no significant asso-
ciations wers observed between anmy of the five dietary
variables and MetS {p = 0.05) (Table 3).

& 26 Tha Authars

Tabde1 Darmogrephic charactarstics, blaod profiles, TV viswing and
distary intake in US addescenis aged 12-19 years by heatth out-

came (28 Ml and MatS)

Clamchdsios Bl n=3181) M5 n=1,3/)
A, yar= BARS EEEE)
Sax [¥], rmaan {35 %)
Bay= 531 (508, 555 531 488,57.5)
Gir= 459 (445 493 469 425,512)
Ethricity [%], rmesn ¢35 %00
Han-Hepanic white 659 (388, T1.7) BLT (594,71.4)
Han-Hepanic bindk 137 {03,181  135{103,17.5)
Hiepanic 0.6 (L8, 14.5) 102 (7.3, 14.9)
Hispanic, other dARL 48 A6 {2 6E)
Crher race 6.3 {4.3,9.1) 6.0 (38, 9.3)
SEP 27 0.8 2705
Physical actvity 8414 a4
BMI
kg n5EG 233 5.7)
Ml 0.5 {1.1) as5{1.1)
Cardinmetabolic
Waist drarmfemnce, an na 811 (148)
Systdlic BF, mm Hg na 1049.4 {10.3)
Dia=tolic BP, mm Hg na B0 11.5)
Plasma glucoss, mrmold na 5210
HOL-cholasiaml, mgdL na 1.4 0.3
Trighyoaddas, mgidL na 1.0 05
Mot S [ %], rman (35% O nwa a1 8.7, a4)
T viewing, h 220.4 2104
Dt
Total enengy ok, kaal  2,248.0 (306.4) 2191 @A
FruitAs getsisles, senings 1.7 {.1) 18015
Di=crationary snacks, 251 253
sanings
S50, sarvings 217 2105
Diet quanlty soore, 408 11.H 408 {11.5)
HE-X10

Vaues waighiad 1o account far survey design; maan and standard
deniatian in parentheses uniess otharsize staied SEP: sadoaco-
namic posifan jranges from 1 1o Sy BMI, body mees indmc; 28 M:
bady mex index .z soore; BP: Hood pressuras; HOL: high-dansity
lipopmming Mats: matbolc syndmma; S5E: sugar-swestanad bav-
amges; na sample doas not feve complete data,

“Fhyscal acivity inensity soore f@ange from 2.5 1o 10).

Realationship betwesn TV viewing and body mass
indeec/matabolic syndromea (c- and ¢'-coafficlants)

Total

In tha ZBMI sample, TV viewing had a small but signifi-
cant positive association with zBMI § =028, 25%CI
052, 146 p<0001), imphing for every hour spent
watching TV, zZBM| increased by 0.88 units fequivalent
to a 0.8 kg/mf2) increase in BMI) (Table 2). Similarly, in
the MetS sample, TV viewing was also significanthy re-
lated to having MetS, with for every hour spent watching
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Tabde 2 Amsodations bateaan TV viswing fvday) with zBMI accounting for madiation by dintary varables jn =3,161)

a-coeficent Bcoef et &-coeficent F- ] s

B {5 Ch B 5% O f {95% o) B {35% O *®
Total anergy irtake o) 185 (-1.70, 5.41) 009 |- 017, -0 1.00 §0.53, 1.48* 016 {~0.50, 0.17) 1.6
Fruit'veqetabies (sarvings) 014(- 034, 005 @15(-1645, 125 0.9 (051, 1.96¢ 0.2 (-0.19, 0.23) 02
DHecrs fonary snacks fsarvings) QA6 (- 017, 050 202 (-418, -087r 1002 0056, 1.48° 0,33 {-1.00, 0.34) a3
S5H fmarvings) O15{- 018, 0485 0.74{- 058, 205 0.98 §0.52, 1.44* 011 (=019, 0.41) 1.1
Dt quaity moore (HE20H 0 686 (- 11.45, -2.287" @0 (=007, 005 098 §0.52, 1.43° 0005 (-0.36, 0.47) 05

Total affects jo-patiway) of TV viewing and zBME f =099 (35 %0052, 1.46) p < 00, Becauwss of tha smal effect sizes, all nesults jaxoept for
tha abv'ce colurmn) have bean mulligied by 10. Analyses adjusted far age, sax, atnidty, sodosconamic pasition, saf-reparied physical ac ity
imen=ly and distary intake under-mpotes. The unadjusied esfrma s am reported in Supplament fle (Table 5% zBME body mass indax 2

scans; S5E: mugar-swestened beverages.
P o OE

TV, the adds of having MetS increased by 18% {85 % C
1.00, 1.38; p=0.046) (Table 3.

Diract

In the zBMI| sample, similar to the total effect, but after
accounting for each of the dietary mediators, the direct
assnciation betwesn TV viewing and zBM| remained sig-
nificant, and in some cases was stronger in magnitude
{p < 0.05) (Table 2). For example, even after accounting
for discretionary snacks, zBM| increased by 1.02 units
(85%Cl 0.56, 1.48) for every hour gpent watching TW.
However, in the MetS sample, the direct effect between
TV and Met5 was no longer significant after separately
acoounting for fruit and vegetabls intaka, 558 consump-
tion and diet quality (Tabée 3).

Inclirenct frrvenclia B

In the ZBMI sample , when examining the indirect effect, or
medating effect, none of the five dietary wvarables
showed a significamt mediating effect on the relationship
betwesn TV viewing and zBMI (Table 2. However, when

examining the indirect effect in the MetS sample, 558
consumpiion and fruit and wegstable intake were bath
found to be significant positive mediators of the relation-
ship between TV viewing and MetS, explaining 8.7%
and 4.1% of the relationship respectively (Table 3). When
eccamining the mediating effects of fruit and wegetable in-
take separately, onby fruit intake remained a significant
pasitive mediator explaining 5 2% of the relationship fre-
sults reported in Supplement file; Table S1).

Discussion

This study examined the relationships betwean TV view-
ing with EMI and Me&t5 in a large representative sample
of US adolescents, and whether the relationships wers
partially mediated by five elements of distary intake. The
findings suggest that TV wewing is positively associated
with baoth BMI and MetS. After examining the mediating
effects, no distary mediatos were obsered in the TV
viewing and zBMI relstionship; howewer, S5B consump-
tion and fruit and vegetable imtake showed partial media-
tion effects in the TV and MetS rel ationship.

Table 3 Amzadations bateaan TV viewing fvday) with MetS accouning for madiafion by detary variabiss jn = 1,379

a-conficent br-cos fident & -ooeficient o =i

B 15% O OR (95% CI OR {25% CI B95% CY %
Tota anergy intake Jocal) 01 {-4.22, 4.08) 098 (094, 1.01) 1.17 (1.04, 138" Q.03 (-6.58, 665 [i]
Fruitvegetabies (sarvings) 0.15 |-0.35, 0.08) 063 030, 137 1.17 (099, 137 067 024, 1.05* 4.1*
DHemcrn fionary snacks fsearvinges) 013 {-0.22, 0.47) 096 64, 1.8 1,18 {100, 133 005 {062, .53 03
S58 fmarvings) 0.3 §0.00, 0.76) 1.44 §083, 223 1.16 {098, 137 143 061, 225* B
Dt ity moara (HE-20H 0 7.59 {-1345, -1.5%* 099 .97, 1.00 1.17 {0949, 138 087 {(-037, 211) 53

Total aifects jo-peiiway) of TV viewing and MetS: OR 1.18 (35% C11.00, 138 p = 0036, Bacauss of the small effect sizes, the beta cosficent
caumns heve baen muligied by 10. Analyses adusted for age, sax, sthnic iy, sodosconamic posltian, self-mported physical ac fvity inensity
and detary inae under-mporers. The uadused ecdimes as mpored in Suppemant fie (Table 53). MatS: metbolc syndmome, S58:
=g r-mwen nad bevarages.

P < 005
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The finding that TV viewing was signiicantly associ-
ated with BMI is consistent with evidence from cross-
sectional 7] and longitudinal studies 34), and reviews
8 35). Although, the literature an the TV viewing and MetS
relationship in adolescents is limited, the findings from the
present study are consistant with the few studies that
have examined relationships between either TV viewing
or screen time with markers of MetS or the presence of
MetS (34,36, 37). However, it is important to note, in bath
the cument study and previous studies examining TV and
Met5, the propartion of adolescents who wens clzsafied
as having MetS was quite low fe.g. <10%) and results
should be viewed with caution.

In addition, the finding that TV wiewing was adversely
associgted with diet quality and pogtely associated
S5B consumption is consistent with the lteraturs. In
an eariier Mational Health and Mutrhtion Examination
Survey cohort extamining TY viewing and distary quality
in 2,243 US adolescents, less time spent watching TV
was associated with higher dist quality (12). Similarty, in
a large cross-national study imohang 162,305 adoles-
cemts from varous countries, those who watched high
amourts of TV were more likely to consume soft drink
on a daily bags and less likely to consume fruit and weg-
etables (38).

However, the latter is in contrast to the current study
where no signiicant associations wers found between
T wiewing with fruit and vegetable imtake. In addition,
ather cross-sactional and longitudinal studies have nre-
ported positive associations betwesan TV viewing and dis-
cretionary snacking (11.28), whereas the cument study
found no significant findings. Thess differences could be
because of different definitions used to describe ‘dscre-
tionary snacking” or differermt methods used to collect
the dietary information fe.g9. food frequency question-
naires vs. 24-h food recalls).

In the cument study, many of the dietary elements wers
significantly relsted to BMI| but not to MetS . Interestingly,
two of the dietary elements, total enengy intake and
with BMI. For exxample, a kower enengy intake and a lower
intake of discretionary snacks were associated with a
higher ZBMI. These counter-imuitive associations wens
alsn observed in & previous medation study (16) and
could potentially be explained by social desiability bizs
where ovenw eight or obese participants may under-report
their dietaryintake @ 0). The null findings between diet and
MetS are in contrast to an earlier National Health and Mu-
trition Examination Suney study (1928-2002) examining
MetS in adolescents They found a higher intale of fruit
and a higher diet quality score {measured via the HE-
200 5) was associated with a decresse in MetS prevalence
{15). The differences between studies could be because

& AT & The Authors

of the low prevalence of Met5 in bath samples or to the
different distary quality soores that were used {2.g9. HE-
2005 vs. HEI-2010).

Cnly one other cross-sectional study from Canada has
examined the mediating effects of dietary intake on the
relation ship betwean TV and BMI in a large group of ado-
lescents. Their results wers similar to the cument study,
whera no dietary vanables wers found to mediate the TV
and BMI relstionship (16). Howewver, in a study invohing
younger chikdren {aged 10years), a combined unhealthy
dietary vanable consisting of high fat food, fruit juice
and soda consumption was found to be a significant
mediator in the TV viewing and BMI relationship @#1).
The differences in findings between studies may be
because of different populstion groups being studied
{chikdren ws. adolescents). However, given the lack of
studies that have perfformed mediation analyses, further
studies examining both child and adolescent populations
are needed to clanfy whether any diflerences exist be-
twesn these age groups

To our knowledge, thisis the first study to examine the
me diating effects of dietary intake betwesn TW and MetS.
558 consumption and fruit and vegetable intake were
bath found to partially mediate the TV and MetS relation-
ship. 5B consumption is not a sumprising mediator given
the consistent associations it has with both TV viewing
{42) and cardiometabolic heath {14). However, the
counter-imuitive findings that a higher intake of fruit and
vegetables may medate the TY and MetS relstionship
are difficult to explain. Similar to the counter-intuitive as-
sociations found between dist and BM)|, social desiability
bizs may have occurred where participants with the Mets
may have over-reparted their intake of healthier food
itams such as fruit and wegetables (43 44). Altematively,
given this is a cross-sectional study, it is possible that
some participants with MetS may have already been
instructed to change their eating behaviours, and thus
consume more fruit and vegetables

The main strengths of this study include having a large
representative-based sample and using objective mea-
sures of BMI status and MetS. Other strengths include
the use of two 24-h recalls using the Automated
Multiple-Pass Method to collect distary intake data and
adjusting for a vansty of well-known confounders in the
analyses Limitations include the self-reported measures
of TV viewing time, physical activity intensity and dietary
intake as it is possible that under- or over-repaorting may
hawve accumed. Further, time gpent in TV viewing' a de-
cade ago may not be reflective of time spentin TV view-
ing' today. Advancing technology over the last decade
has introduced watching TY on many portable devices
{e.g. tablets, phones and compaters); thus, ‘botal screen
time’ may be the contemporary equivalent term to use in
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future studies assessing TV viewing. Additionally, using
an objectively measured physical activity messune may
hawe altered the results; however, by doing 50 it reduced
the sample by almost 50%. Although a vanety of covan-
ates were adjusted for, other unmessured covanates
such as pubertal status may have influenced the ob-
senved associations. Further, given the number of media-
tion varables tested, multiple analyses were conducted
for baoth the zBMI sampls and MetS sample, which can
lead to some findings being significant because of
chance. Last, data on TV viewing and dietary intake were
nat collected for the same days and the cross-sectional
design of the study limits the abilty to determine the
cause and &ffect relationship.

Conclusion

Caontrary to our hypothesis, this study found that five as-
pects of dietary intake were not significant mediators in
the TV viewing and BM| relationship. Howewver, the con-
sumption of 558 and fruit and wegetable imtake were
found to be significant mediators in the TV viewing and
MetS relationship. This suggests that it is important to
target TV viewing in interventions; however, the mecha-
nigms explaining the health associations are still unclear.
Further research examining other sedentary behaviours
{e.g. computer use, video gaming), and total sedentary
time is nesded to detesmine if these behaviours hawe
similar findings. Longitudinal and experimental studies
should be conducted to better understand the robe of die-
tary intake and how much, if any, it contributes to the TV
viewing and cardiometabolic heatth relationship.
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» Table S1: Associations between TV viewing (hours/day) with metabolic
syndrome accounting for mediation effects of fruit and vegetable intake
» Table S2: Unadjusted associations between TV viewing (hours/day) with
zBMI accounting for mediating by dietary variables
» Table S3: Unadjusted associations between TV viewing (hours/day) with

metabolic syndrome accounting for mediation by dietary variables.
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Table 51: Associations between TV viewing (hours/day) with MetS accounting for mediation effects of fruit and vegetable intake

a-coefficient b-coefficient " -coefficient ab ab/c
B (95% CT) OR (95% CT) OF. (95% CT) B (95% CT) Yo
Fruit/'Vegetables (servings) 0.15 (-0.35, 0.06) 0.63 (030, 1.37) 1.17(0.99, 1.37) 0.67(0.29,1.05)*  4.1*
Fruit only (servings) 027 (-0.57, 0.04) 031 (-1.11,0.48) 0.16 (-0.01, 0.32) 0.85 (0.23, 1.46)* 5.2%
Vegetables only (serving) 0.02 (0.20,0.17) 041 (-1.06, 0.25) 0.16 (0.00, 0.32)* 0.06 (-0.23, 0.35) 0.4

Total effects (c-pathway) of TV viewing and MetS: OR 1.18 (93% CT 1.00, 1.38) p=0.044.

Duie to the small effect sizes, the beta coefficient cohunns have been multiplied by 10. Sipnificance 15 noted by * P < 0.05

Analyses adjusted for age, sex, ethnicity, SEP, self-reported physical activity infensity and dietary intake under-reporters.
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Table 52: Unadjusted associations between TV viewing (hours/day) with zBMI accounting for mediation by dietary variables (0=3,161)

a-coefficient b-coefficient ¢ -coefficient ab ab/c

B (95% CT) B {25% CT) B (95% CT) B (95% CI) L
Total energy intake (keal) 124({320 578) £.15(021 009 L17{0.71, 1. a4y* 019 (087, 048) 1.7
Fruit/'Vegetables (servings) 016 (2035, 0.02) 095 (-242 0351) 1.14{0.72, 1.56)* 015(0.13, 0.44) 13
Discretionary snacks (servings) 0.03 {-0.26, 0.34) -2.50 (-3.60, -1.30)* L17{0.75, 1L.59)* 012 (0.86, 0.61) -1.1
S5B (servings) 017(023 0358) 005¢-111,10%) 116 (074, 1.57p* £01({019, 017 01
Diet quality score (HEI-2010) 121 (1247 -195)* 0.01 (-0.03, 0.07) 1.16{0.74, 1. 58* £.07 (050, 0.35) 06

Total effects (c-pathway) of TV viewing and zBMI: f=1.16 (95%CI 0.74, 1.57) p=0.001.
Due to the small effect sizes, all results {except for the ab/c% column) have been multiplied by 10. Sipnificance is noted by * P < 0.05
ZBMT Body Mass Index z score; S5B: sugar-sweetened beverages
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Table 533: Unadjusted associations between TV viewing (hours/day) with MetS accounting for mediation by dietary vanables (n=1,37%9)

a-coefficient b-coefficient ¢ -coefficient ab ab/c

B (95% CT) OR (95% CI) OR (95% CI) B (95% CI) O
Total energy intake (keal) 1.87(-3.70, 7.45) 0.95 (0.92, 0.9%)* 1.20(1.04, 1.39)* 088(-1092,913y 52
Fruit'Vegetables (servings) 0.09 (-0.32,0.13) 0.51 (0.23, 1.04) 1.18(1.02,1.37)* 0.62 (0.24, 0.9%)* 36*
Discretionary snacks (servings) 0.10 (024, 0 44) 0.76 (0.52, 1.10) 1.19(1.03, 1.38)* 0.28 (0.86, 0.30) -16
SSB (servings) 0.52 (0.14, 0.91)* 1.13 (0.69, 1.85) 1.18(1.01, 1.38)* 0.64 (0.36, 1.63) 38
Diet quality score (HEL-2010) 8.62 (-14.68, -2.57)* 0.99 (0.98, 1.01) 1.18(1.01,1.37)* 0.62 (0.89,2.14) 37

Total effects (c-pathway) of TV viewing and Met5: OB 1.18 {953% CI1.02, 1.37) p=0.025.
Due to the small effect sizes, the beta coefficient columns have been multiplied by 10. Significance is noted by * P < Q.05

MetS: Metabolic syndrome, S5SB: sugar-sweetened beverages
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4.4 Summary

Chapter Four examined the mediating role of five dietary variables (e.g. total energy
intake, fruit and vegetable intake, consumption of discretionary snacks and sugar-
sweetened beverages, and diet quality) of the relationships between TV viewing,
BMI and metabolic syndrome in U.S. adolescents aged 12-19 years. Overall, positive
associations were observed between TV viewing and BMI (= 0.99, p< 0.001), and
TV viewing and metabolic syndrome (OR= 1.18, p= 0.046). Contrary to the
candidate’s hypothesis, none of the dietary variables appeared to mediate the
relationship between TV viewing and BMI. However, sugar-sweetened beverage
consumption and fruit and vegetable intake partially mediated the relationship
between TV viewing and metabolic syndrome, explaining 8.7% and 4.1% of the

relationship, respectively.

These findings highlight the complex relationships observed between TV viewing,
dietary intake and cardiometabolic health in adolescents. Further research is needed
to better understand how much (if any) dietary intake contributes to the overall

sedentary behaviour and cardiometabolic health relationship.
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CHAPTER FIVE: STUDY TWO

MEDIATING EFFECTS OF DIET ON ASSOCIATIONS OF VOLUME
AND BOUTS OF SEDENTARY TIME AND CARDIOMETABOLIC

HEALTH IN ADOLESCENTS

5.1 Overview

Chapter Four examined the mediating effects of dietary intake on the relationships
between TV viewing, BMI and metabolic syndrome in U.S. adolescents participating
in the 2003-06 NHANES. Overall, dietary intake did not appear to mediate the TV
viewing and BMI relationship and very few dietary variables were found to
significantly mediate the relationship between TV viewing and metabolic syndrome.
However, the mediating role of dietary intake when an objective measure of
sedentary time (e.g. total volume and bouts of sedentary time) is examined with
cardiometabolic outcomes is still unknown. Therefore, the following study will
explore the mediating effects of dietary intake on the relationships between total

volume and bouts of sedentary time with BMI and metabolic syndrome.

The following study has been published as a manuscript in Obesity (Impact factor;
3.614) and has been formatted according to their requirements. The citation for the
manuscript is: Fletcher EA, Carson V, McNaughton SA, Dunstan DW, Healy GN,
Salmon J. Does diet mediate associations of volume and bouts of sedentary time with
cardiometabolic health indicators in adolescents? Obesity. 2017; 25(3): 591-5909.
The manuscript supplementary files can be found directly after the manuscript in

Section 5.3. The ‘Authorship Statement” for this manuscript and a copy of the
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‘Permission Statement to Publish’ this manuscript are contained in Appendix D.1

and Appendix D.2, respectively.

Findings from this manuscript were presented as a poster at the International Society
of Behavioral Nutrition and Physical Activity conference in Cape Town, South
Africa in June 2016 (poster available in Appendix D.3). The author contributions to
the manuscript were as follows, with the candidate contributing to all aspects of the
manuscript process: Fletcher, McNaughton, Dunstan and Salmon designed the study;
Fletcher calculated the main variables used in the analyses with statistical guidance
from Carson for the accelerometer data and McNaughton for the dietary data.
Fletcher performed the main analyses with guidance from Carson and Healy;
Fletcher wrote the initial draft of the manuscript; and Carson, McNaughton, Dunstan,
Healy and Salmon provided critical edits and editions to the manuscript. All authors

approved the final manuscript.
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5.2 Manuscript

Obesity

Original Article
PEDIATRIC OBESITY

Does Diet Mediate Associations of Volume and Bouts
of Sedentary Time with Cardiometabolic Health Indicators
in Adolescents?

Effy A. Ffemher', Valerie Carmnz, Sarah A. MrNaughmn’, David W. Dwisfmi”"'s’s'?, Genevieve N. Heai}‘s's's, and
Jo Salmon’

Objective: Examine the mediating role of diet in the relationship between volume and duration of seden-
tary time with cardiometabolic health in adolescents.

Methods: Adolescents (12-19 years) participating in the 2003/04 and 2005/06 U.S. National Health and Mutri-
tion Examination Survey (NHANES) were examined. Cardiometabolic health indicators were body mass index
z-scores (zBMI) (n = 1,797) and metabolic syndrome (MetS) (n = 812). An ActiGraph hip-wom accelerometer
was used to derive total sedentary time and usual sedentary bout duration. Dietary intake was assessed using
two 24-hour dietary recalls. Mediation analyses were conducted to examine five dietary mediators [total
energy intake, discretionary foods, sugar-sweetened beverages (SSB), fruits and vegetables, and dietary quak
ity] of the relationship between total sedentary time and usual sedentary bout duration with zZBM| and MetS.
Results: Total sedentary time was inversely associated with zBMI (f = —1.33; 95% CI —2.53 to —0.13)
but attenuated after adjusting for moderate-to-vigorous physical activity. Mo significant associations were
observed between usual sedentary bout duration with zBMI or either sedentary measure with MetS.
None of the five dietary variables mediated any of the relationships examined.

Conclusions: Further studies are needed to explore associations of specific time perods (e.g., after
school) and bout durations with both cardiometabolic health indicators and dietary behaviors.

Chesity 2017) 25, 501-500. doii0. 100240by 21750

Introduction

Adolescents with obesity and the metabolic syndrome (MetS) is a
major public health concern in many Western countries (1). Owver

important to understand their lifestyle risk factors to help inform
effective interventions.

200 of U.5. adolescents aged 12 to 19 years have obesity (2), and
approximately 9.8% meet the criteria for MetS (3). Similar statistics
have been reported in other Western countries such as Australia,
Canada, and the UK (4). Since obesity tracks into adulthood (5),

Sedentary behavior, defined as any waking behaviors characterized
by low energy expenditune (<15 metabolic equivalents) while in a
sitting or reclining posture (7), has emerged as a health risk in the
pediatric population. Evidence in adolescents sugpests time spent

engaged in certain sedentary behaviors, such as television viewing,
is associated with overweight and obesity (B) and an increased risk

and adolescerts who have MetS are at a higher risk of developing
type 2 diabetes and cardiovascular disease duning adulthood (6), it is
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of developing MetS (9). However, the few studies in adolescents
examining accelerometry-measured total sedentary time with indica-
tors of cardiometabolic health have reported mixed findings (10-12).
In addition, evidence on the accurmulation of sedentary time, for
example, long “bowts™ of sitting versus short “bouts”™ of sitting, also
yields mixed findings (12-14).

These inconsistent findings in adolescents are in contrast to the evi-
dence in the adult literature, both from experimental (15-17) and
epidemniological stdies (18,19), where prolonged, unbroken bouts of
sedentary time have been found to be consistently associated with
indicators of poor canliometabolic health, These inconsistent find-
ings pose the question as to whether sitting itself is a risk factor for
poor cardiometabolic health in adolescents (e.g., whether sitting
reduces skeletal muscle contractile activity and in turn reduces
energy expenditure} or whether sitting is a marker of an unhealthy
lifestyle. For example, due to the codependent nature of activities
within a 24-hour period, time spent sedentary displaces time spent
in more health enhancing activities, such as physical activity and
sleep (200 Allerratively, time spent sitting could promaote overeating
or the consumption of urhealthy foods or beverages. For examnple,
there is consistent evidence to show self-reported television viewing
is associated with several unhealthy dietary behaviors (21); however,
it is unclear whether dietary intake is also linked with objectively
measured total sedentary time or bouts of sedentary time.

Given that the relationship between sedentary time and cardiometa-
balic health outcormnes in adolescents is unclear, there is a nesd to
better understand whether other factors, such as dietary intake, can
help explain the inconsistent findings. One way to explore this is
through mediation analyses, which allow the researcher to examine
whether an underlying factor (e.g., mediator) may explain the path-
way between an independent and dependent variable. Although
some studies have explored the mediating pathway of dietary intake
in the relationship between self-epoted measures of sedentary
behavior and BMI (22.23), to date no study has explored this rela-
tionship using ohpectively measured sedentary time. Therefore, this
study airms to irvestigate whether five elements of dietary intake
mediate the associations between both the volume and bouts of sed-
entary time with BMI and MetS in U.S. adolescents.

Methods

Study population and design

The Mational Health and Nutrition Examination Survey (NHANES)
is a United States-based study that involves a multistage, stratified
sampling design used to recruit a representative sample of the U.S.
population (of all ages) in 2-vear cyeles. Further information about
the NHANES study is described elsewhere (24); only data from ado-
lescents (aged 12-19 years) collected in the 2003 to AWM and 2003
to 2006 cycles were combined and considered for these analyses.
Briefly, participants who were =18 wears old provided consent and
parents/guardians gave consent for minors (ages < 18 years). All eli-
gible participants completed a questionnaire on their demographics
and activityfsedentary behavior levels at a home interview. After-
ward, participants (accomparied by their parert/puardian) were
invited to attend a health examination visit to collect physiological
measurernents and complete one of two 24-hour dietary recalls.
Those who attended the clinic were also asked to wear an activity

Fopulation selected

{12-19 years)
5,131
o= 5.1381 Didnot want to
l—u participate
(n=547)

Interviewed sample

in= 4,591}
Did not attend health
examination visit
[n= 136
Attended health
exaeninalionviLi
in= 4,455}

Participanis wihawere

preznant
[n=105)
hat pregrant
An= 43504

Faricipants with 1-day
diet recall
[n=338)

|

Complete 3-days
diet recall
(= 4,024)

Participants with <4
days accalararmater
dats {n=2,171)

|

Complete 4 dayzaf
accelerometer data

(n= 1,853|
Complete BMI Complete Fasting
measures m= 1,797 blood measures
{zBMI sample] na @12 [Mets sample)

FAgurs 1 Patidpant fow dagram

monitor for 7 davs and undertake the second 24-hour dietary recall
4 to 11 days afterward. Participarts who were not pregnant, had
complete data on two 24-hour dietary recalls and anthropometric
measurernerts, had 4 valid days of accelerometry data, and had
complete fasting blood samples were included in the analyses (Fig-
ure I). Owverall, 35% and 16% of participants from the original
cohort had complete data for the BMI sample and MetS sample,

respectively.

Measurements

Cardiometabolic measurements.  WPeight, weight, and waist eir-
cumference measurements and blood pressure wem taken from all
participants who attended the health examination wvisit. Standing
height (centimeters) was measured without shoes using a stadiometer
and weight (kilograms) was measured in light clothing using digital
scales. Height and weight were used to calculate participants’ zBMI
using age- and sex-BMI percentiles based on the 2000 Centers for
Disease Control and Prevention U.S. growth charts (25). Fasting
blood glucose and serumn lipids were obtained from a subsample of
participants who attended the moming session and had fasted owver-
night for at least 8.5 hours. The full protocol and assessment on
blood aralyses can be found elsewhere (26). The presence of MetS
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was calculated using the International Diabetes Federation criteria,
specifically designed for the pediatic population (27). For these
analyses, adolescents were considered to have MetS if they had an
elevated waist circumference according to age- and sex-specific per-
centiles (=795 to >102.0 cm) and had two or mone of the follow-
ing four risk factors (cutoff values presented are dependent on age
and sex): elevated systolic (=121 to =130 mm Hg) or diastolic
blood pressure (=76 to =B85 mun Hg), low HDL-cholesterol (<1.13
o <13 monol/L), elevated triglycerides (=144 to >1.70 mmol/L),
and elevated plasma glucose (=5.6 mmol/L).

Sedentary time. Sedentary time was measured via an ActiGraph
AM-T164 acecelerometer (LLC, Fort Walton Beach, FL), an accurate
and reliable tool that quartifies sedentary behavior and moderate-to-
vigorous physical activity (MVPA) (28). Participants wore the moni-
tor on their right hip during all waking hours for 7 days, except for
bathing and swimming. Data were downloaded in lininute epochs.
Non-wear time was defined as at least 20 minutes of zero counts.
Daily sedentary time was defined as all wear-time minotes with an
average activity court of <100 cpm. Sedentary time was standar-
dized for wear time using the residual method (29). Usual sedentary
bout was calculated using the equation by Chastin and Granat (30).
Briefly, a sedentary bout was calculated by summing all uninter-
rupted minutes < 100 cpm. Taking into account different bout dura-
tions, the midpoint of all the sedentary bouts that lie on the seden-
tary accumulation curve was then calcolated for each participant.
Analyses were limited to participants who had =10 hours of monitor
wear time on any >4 days, and the monitor was returned in
calibration.

Dietary intake. Dietary intake was assessed via two interviewer-
administered 24-hour dietary recalls, delivered via a computer-
assisted systern (the Automated Muolt-Pass Method). Participants
aged 12 years and older reported their first dietary recall with an
interviewer at the health examination visit and then 4 to 11 days
later by telephone. All dietary data were coded using the USDA
Mational Nutrient Database for Standard Reference (31). Based on
previous literatire examining detary mediators (22), the following
dietary variables were exarmined: (1) total energy intake; (2) con-
sumption of discretionary foods; (3) consumption of sugar-
sweetened beverages (S5B); () fruit and vegetable intake; and (5)
diet quality.

All dietary variables were calculated based on the average of 2 days
of dietary recall. Total energy intake (calories) was calculated for
each participant based on the quantity of food and beverages reported,
and servings of discretionary foods, SSB, and fruits and vegetables
were calculated wsing the Food Patterns Equivalents Database (32).
Discretionary foods were defined as gmin- and dairy-based dessers,
cereal and pranola bars, sweet snacks and candies, sugar-syrups and
preserves, salty sracks from grain of starchy vegetables, and dips/
spreads. SSB were defined as any nonalcoholic beverage with added
sugar incloding soda, fruit-flavored drinks (not 1009 juice), sweet-
ened tea, coffee and milk drinks, sport drinks, and energy drinks, Any
“diet” drinks, 100% froit juice, or unswestened tea or coffes were not
included as a 55B. A serving of discretionary foods and a serving of
55B were equivalent to 143 calories (600 kT) (33).

Fruit and vegstable intake incluoded any whole fruit (not including
fruit juice), and vegetables included potatoes, beans, and legumes. A

serving of froits and vegetables was equivalent to one cup of raw,
canned, or frozen fruits or vegetables or two cups of leafy green
vegetables. Diet quality was calculated using The Healthy Eating
Index 2010 (JTEI-2010) (34), a scoring systern that measures the
depree of compliance to the 2010 Dietary Guidelines for Americans.
The HEI-2010 is made up of 12 food-hased components and compli-
ance to each of the 12 components was scored separately and then
summed topether. Scores ranged from O to 100, and higher scores
indicated greater compliance to the dietary recommendations.

Covariates. The covariates considered for the analyses were age
(in years), sex, racefethnicity, socioeconomic position, dietary intake
undersepoting, and objectively measured MVPA. For  the
nonenergy-related mediators, total energy intake was also adjusted
for in the main analyses. Racefethnicity was categorized as Mexican
American, other Pispanic, non-Hispanic white, non-Hispanic black,
and other race, including multiracial. Sociceconomic position was
calculated by dividing family income with the poverty guidelines
specific to family size, year, and state. Dietary intake under-
reporting was assessed on the basis of the ratio of total energy
intake with estimated energy expenditure. Those below the energy
intake to energy expenditure ratio of 2 standard deviations or more
were classified as under-reporters (35). MVPA was calculated
according to the Freedson accelerometer age-cut points for adoles-
cents (36).

Statistical analysis

Analyses were conducted using SAS® 94 (SAS Institute, Inc., Cary,
NC) and STATASE™ 14.0 software (StataCorp LP) using survey
commands. To obtain population-representative findings, regression
estimates with weightings were applied to the descriptive statistics and
to all mediation analyses. As recommenended in the NHANES Arnalytic
Guidelines, 2-year sarnple weights for each NHANES cycle (2003 to
2004 and 2005 to 2006) were combined to provide 4-year sample
weights. Given > 10% of participants had missing data (mostly doe to
accelerometer noncompliance), the sample weights were recaleulated
wsing age, sex, and racefethnicity. The day 2 dietary sample weights
were sed for the main analyses invalving zBMT and the fasting sub-
samnple weights were used for the analyses involving MetS, The signif-
icance level was set at P < 0.05 for all statistical tests.

Prior to the main analyses, total enerpy intake, servings of discre-
tionary foods, S5B, and fruits and vegetables, and usual sedentary
bout were not normally distributed so were log transformed. Using
the product of coefficients method by MacKinnon et al. (37), regres-
sion analyses were used to test whether each dietary variable medi-
ated the association between sedentary time (total and wsual bout)
with ZBMI and MetS (Figure 2). Based on recent evidence on the
compasitional paradigm for codependent data (20), the first anal yses
(Model 1) adjusted for age, sex, ethnicity, socioeconomic position,
and dietary intake under-reporters, and the second analyses (Model
2) additionally adjusted for MYPA (Model 2). For both models, the
nonenergy-related additionall ¥ adjusted for total energy intake in the
main analyses,

As shown in Figure 2, for each mediation model, the following asso-
ciations were tested: (1) associations of sedentary time (total and
usnal bout) with each of the five dietary mediators (a-cosfhicient
pathway); (2) associations of the five dietary mediators with 2BMI
or MetS, adjusting for either total sedentary time or usual sedentary
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Dietary intake
Total energy intake:
Discretionary snadks.
Sugar-swaetenad beverages
Fruit and vegetables
Diet quality $coré
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Total time <
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Bl z-score
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Fgure 2 Theoretcal diagram of the medation pathways between sedantary time, dietary imake, and car

diometabolic health.

bout (b-coefficient pathway); (3} associations of sedentary time
(total and usual bout) with zBMI or MetS (c-coefficient pathway);
and (4) the direct association of sedentary tire (total and usual
bout) with zZBMI or MetS, accounting for each of the dietary media-
tors (¢-coefficient pathway). The mediating effect of the dietary
variahles was calculated by multiplying the a- and b-coefficients (a
* by (37). As MetS is a dichotomows cutcome, the coefficients were
used to calculate the mediating pathways; however, the odds ratio-
s(OR}) are presented in the tables for descriptive purposes.

Results

The baseline chamcteristics of those adolescents with complete FBMI
profiles (= 1797} and complete data for identifying MetS (n =
B12) are presented in Table 1. Compared with those excluded in the
analyses (n = 2643), participants included in the cument analyses (n
= 1,97) were significantly younger, included more Mexican Ameri-
can participants and fewer non-Tlispanic white participants, and had a
higher sociceconomic position, lower BMI, lower usnal sedentary
bout duration, higher fuit and vegetable intake and HEI score, a
higher consumption of discretionary foods, and a lower consumption
of 55B (Supporting Information Table S1).

Sedentary time and dietary intake

In the FBMI sample, total sedentary time was positively associated
with S5B consumption (f = 0.67; 95% CI 0.01 to 1.33) after adjust-
ing for age, sex, ethnicily, sociceconomic position, dietary intake
under-reporting, and MVPA, with no other significant associations
obwerved for usual sedertary bouwt with any of the dietary variables
(Table Z). In the MetS sample, no associations were observed for
total sedentary time and usual sedentary bout with any of the dietary
variables (P > 0.05) (Table 3).

Dietary intake, zBMI, and MetS
In the zBMI sample, total energy intake was inversely associated
with zBMI (f = —0.17; 95% (O —030 to —0.03) after separately

taking into account total sedentary time and usual sedentary bout
and remained significant after adjusting for MVPA (f = —0.16;
95% C1 —0.29 to —0.03). Consurnption of discretionary foods was
also imnversely associated with zBMI after adjusting for MVPA only
(= —L76; 95% OO —3.16 to —0.36) (Table 2). In the MetS sam-
ple. a higher total energy intake was significartly associated with a
reduction in the risk of having MetS by 12%, after separately
accounting for total sedentary time and usual sedentary bout dura-
tion. The findings remained significant after adjusting for MVPA
(Table 3).

Sedentary time, zBMI, and MetS

After adjusting for age, sex, ethnicity, sociceconomic position, and
dietary intake under-reporting, the total effect (e.g., c-coefficient)
between total sedentary time and ZBMI was f = —1.33 (I —2.53
to —0.13), implying that for every hour spent sitting, FBMI
decreased by 1.33 units (Table 2). However, after additionally
adjusting for MWVPA, no significant association remained. When
examining the total effect between sedentary tire and MetS, total
sedentary time or usual sedentary bout was not significantly asso-
ciated with having MetS, even without accounting for MVPA
(Table 3).

When examining the direct effect (¢"-coefficient) of sederntary time
with ZBMI, an inverse relationship was observed between total sed-
entary time and FBMT when accounting for each of the dietary vari-
ables (Table 2). However, after adjusting for MVPA, no significant
associations rermained. When exarnining usial sedentary bout with
zBMI, there were no significant associations when accounting for
each of the dietary variables and MVPA (P = 005). In the MetS
sample, no direct effect was observed between sedentary time or
usual sedertary bow with MetS after separately accounting for all of
the dietary variables (Table 3). When examining the indirect effect
(e.g., mediation), none of the five dietary variables exarmined was
found to have a significant mediation effect on the associations
between sedentary time (total or bout duration) with zZBMT or MetS
(P = 0.05)
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TABLE 1 Demographic characteristics, blood profiles, sedentary/activity time, and dietary imtake in U.S. adolescents
participating in NHANES, 2003-2006
zBMI (n =1,797) MetS (n = 812)
Variable Mean 95% CI Mean (%)" 95% CI
Age () 151 148-15.3 151 14.8-15.4
Sex (%)
Boys 5.1 47.7-54.5 501 46.0-55.7
Girls 48.9 455-52.3 491 44.3-54.0
Ethnicity (%)
Mexican American 34.4 322-366 352 3.0-386
Other Hispanic 32 25-41 31 21-45
Non-Hispanic white 238 219-25.8 27 19.0-24.6
Non-Hispanic black 4 323-3%.7 355 2238
Other race 42 33-52 46 3362
Sociogcanomic position 27 2529 27 24-29
BMI
kg/m? 2.8 223233 228 21-233
z-score 05 0.4-07 05 0.3-06
Overweight (%) 25 18.9-28.8 203 16.2-25.2
Ohesity (%) 121 94-15.4 139 10.5-18.2
Cardiometaholic components
Waist circumference (cm) 792 (34.0) 77.7-80.7
Systolic BP (mm Ha) 108.5 4.8 107.2-1087
Diastolic BP (mm Hg) B0.6 {1.1) 59.4-61.8
Plasma glucese (mgidl) 51 @6 50-52
HOL-cholesteral (mg/dL) 14 222 1314
Trighcerides (mgidL) 09 (114 0.9-1.0
MetS (%) 6.7 42-105
Sedentary time
Total () 6.9 6.8-6.9 71 7072
Usual bout {min) 8.8 8.4-9.1 93 8.9-98
MVPA (min) 6.1 234-28.8 263 27208
Diet
Total energy intake (koal) 2224 2150-2298 2414 2180-2301
Discretionary foods (servings) 26 24-29 27 24-29
§5B (servings) 20 18-21 19 1.8-21
Fruits/vegetables (servings) 18 1.7-19 18 1.7-20
Diet quality score (HE-2010) 1.8 40.4-43.2 1.5 40.1-429

"4 of thoss mesting e indvidual components of Mats in \Values

weighted to acoount for aurvey deaign. Mean and 95% G

pamntheses.
BP, biood pressure; HOL, high-dansity lipoprotan; HB-2010, Heaithy Eatng Indes®010; MetS, metanolic syndrome; MWPA, modemte-to-vigorous physica activity; 558,

sugar-awestaned beveragea.

Discussion

This study examined the mediating effects of five dietary variables
in the relationship between total sedentary time and usual sedentary
bout with ZBMT and MetS. Overall, ttal sedentary time was inver-
sely associated with zBMI; however, the association was no longer
sipnificant after adjusting for MVPA. No significant associations
were observed between usual sedentary bout and zBMI or between
total sedentary time and usual sedentary bout with MetS. Although
somme of the distary variables were independently related to total
sedentary time, 2BMI, and MetS, none of the dietary variables was
a significart mediator,

The counterintuitive finding between sedentary time and zBMI
when not accounting for MVPA is in contrast to other cross-
sectional studies in adolescents that found positive associations
between objectively measured sedentary time with insulin resistance
(12}, fasting glucose, triglycerides, blood pressure, and a cardiovas-
cular risk score (%), However, it is important to note, these two stud-
ies did not adjust for MVPA in the analvses. When this stdy
adjusted for MVPA, the results between total sedentary time and
ZBMI attenuated. This has also been observed in other studies that
examined the unadjusted and adjusted results of MVPA in the analy-
ses and found the significant associations between objectively
measured sedentary time and cardiometabolic components also

www.obesityjournal.org
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attenuated (10,14). On the other hand, high levels of MVPA (ie,
approximately 60-73 min/d) have recently been shown to eliminate
the increased risk of allcause mortality associated with high
amounts of sedentary time (38). To build upon the current evidence
to date (20), further research should utilize an integrated paradigm
o understand the collective health implications of sedentary behav-
ior and MYPA on pediatric obesity and MetS, rather than examining
the effects in isolation.

In this smdy, total sedentary time was only positively associated
with 35B consumption and not with any other dietary variables, The
study found for every hour spent sedentary, SSB intake increased by
0.67 servings. Although this association is small, this s equivalent
o consuming 14 extra calories each day which in turn can increase
weight by 0.6 kg within 1 year (39). The lack of association
hetween total sedentary time and the other dietary elements is in
contrast to the literature examining television viewing, where tune
spent watching TV has consistently been shown to be related to
urhealthy dietary elements, such as a higher intake of energy-dense
snacks, fast food, and total energy intake in youth (21). The stronger
links between television viewing and unhealthy dietary habits are
thought to be doe to advertising where foods high in fat and sogar
are frequently advertised on children’s television programs (40).
Thus, it appears that specific sedentary behaviors like television
viewing have stronger links with dietary intake as opposed to the total
tirme spent being sedentary or accurnulating bouts of sedentary time.

When examining the association between dietary intake and cardio-
metabolic health, this study found an inverse relationship between
total enerpy intake with both zBMI and MetS and between discre-
tionary snacking and zZBMI. Although the findings were not in the
expected direction, it is possible that participants with a larger 2BMI
or those at nsk of having MetS may have already sought professio-
nal help and thos started to decrease their energy intake or discre-
tionary snacking,

Although one study in adolescents found diet to partially mediate
the relationship between television viewing with zBMI (23), this
study found none of the dictary varables significantly mediated the
relationship between objectively measured sedentary time and bouts
with either ZzBMI or MetS. This could be simply due to the seden-
tary time not being matched with the dietary intake. For example,
the 2 X M hour dietary mecalls were performed on different days,
not necessarily aligning with when the accelerometers were wom to
capture sedertary tone, This makes it difficult to assess how much
of the sedentary time spent throughout the day is also engaging in
an eating occasion, Future studies are needed to examine both sed-
entary time and eating occasions concurrently, and whether adoles-
cents who engage in high amounts of sedentary time and a high
number of eating occasions are at a higher risk of adverse cardiome-
tabolic health than those who engage in the same amount of high
sedentary time but have fewer eating occasions.

Strengths and limitations

Strengths of this sdy include the objective measures of sedentary
time and health outcomes and the we of 2 X 24 hour dietary recalls
allowing for investigation of individual dietary behaviors and overall
diet quality. This study also adjusted for a variety of well-known
covariates, including dietary intake under-reporting, which would
have reduced the measurement error associated with self-reporting

dietary intake but would not have completely eliminated it, Limita-
tions include the cross-sectional design of the study which cannot
distinguish between canse and effect and the MacKinnon method
used for the analyses which does not account for multiple compari-
sons. Additionally, although the accelerometer provides an objective
measure of sedentary time, accelerometers cannot assess contextnal
factors which make it difficult to assess what the participants were
doing while sedentary and whether they were consuming food and
beverages, Lastly, only a small percentage of participants were clas-
sified as having MetS; thus, this may not have been large enough to
S ASSOCIAlONS.

Conclusion

In conclusion, this study found objectively measured sedentary time
was associated with ZBMI, however, the association attenuated after
accounting for MVPA. The study also found that total sedentary
time was not associated with MetS, nor was the usual sedentary
bout duration with either zBMT or MetS. Although the study found
some associations between dietary intake with the health outcomes,
none of the dietary variables was a significant mediatm in the sed-
entary time, ZBML and MetS relationship. Given the lack of associ-
ations found when examining total sedentary time and bouts of sed-
entary time, this sugpests that intervention programs may have to
address certain sedentary behaviors (ie., television viewing) differ-
ently than total sedentary time.Q

@ 2017 The Authors. Obesity published by Wikey Perodicals, Inc. on
behalf of The Obesity Society (TOS)
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5.3 Manuscript supplementary files

The supplementary file supporting the manuscript “Does diet mediate associations of
volume and bouts of sedentary time with cardiometabolic health indicators in

adolescents?”” can be found on the following page.

The supplementary file includes:
» Table S1: Comparison between U.S. adolescents included in the zBMI

analyses versus those excluded.
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Table S1: Comparison between U.S. adolescents included in the zZBMI analyses (n=1,797)

versus those excluded (1=2.643)

Variables Included Excluded
(n=1,797) (n=2,643)
Age (years) 15.1 149, 15.3* 15.8 15.7,15.9
Sex (%)
Boys 51.1 47.7,54.5 50.2 48.6,52.3
Girls 48.9 45.5,52.3 49.8 477,519
Ethnicity (%)
Mexican American 344 32.2, 36.6* 29.7 279,314
Other Hispanic 32 25,41 2.8 23,306
Non-Hispanic white 23.8 21.9,25.8% 28.0 26.4,29.8
Non-Hispanic black 344 32.3,36.7 351 33.3,36.9
Other race 4.2 33,52 4.2 3.5, 50
Socioeconomic position 2.7 2.5, 2.9% 2.0 2.0 21
BMI
kg/m? 228 22.3,23.3* 24.7 244,249
Z-score 0.5 04,07 0.7 0.7, 08
Overweight (%) 23.5 18.9, 288 221 204,239
Obese (%) 121 94,154 15.6 13.9,174
Sedentary time
Total (hours) 6.9 6.8,6.9 6.4 6.3, 6.5
Usual bout (minutes) 8.8 84,0.1* 9.1 8.8,9.3~
MVPA (minutes) 26.1 234,288 27.2 25.6,28.7"
Diet
Total energy intake (keal) 2,224  2150,2298 2,222 2180, 2265
Discretionary snacks (servings) 2.6 2.4, 29% 23 22,24
SSB (servings) 20 1.8,2.1* 23 22,24
Fruit/Vegetables (servings) 1.8 1.7, 1.9%* 1.7 1.6, 1.7
Diet quality score (HEI-2010) 41.8 40.4, 43 2% 40.6 40.1,41.1

BMI: Body Mass Index; MVPA: Moderate-to-vigorous physical activity; S5B: sugar-
sweetened beverages.

AData available for 1,406

Mean and 95%CI. *Significantly different from those excluded in the analyses (p<0.05)
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5.4 Summary

The study presented in Chapter Five was one of the first studies (for any age group)
to examine the mediating effects of dietary intake in the relationship between
objectively-assessed sedentary time with BMI and metabolic syndrome. Overall,
total volume of sedentary time was inversely associated with zBMI (with the
association attenuating after adjusting for moderate-to-vigorous physical activity)
and no significant associations were observed between usual sedentary bout duration
and BMI, and between total volume and usual sedentary bout duration with

metabolic syndrome.

Consistent with the candidate’s hypothesis, none of the dietary variables were found
to mediate the relationship between total volume and bouts of sedentary time with
BMI or metabolic syndrome. However, the lack of mediation could simply be due to
the null associations observed between the sedentary variables and cardiometabolic
outcomes, or due to sedentary time not being matched with dietary intake. Further
studies using longitudinal and experimental designs are needed to better understand
the role of dietary intake in the sedentary behaviour and cardiometabolic health

relationship.
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CHAPTER SIX:
STUDY THREE

CROSS-SECTIONAL AND PROSPECTIVE MEDIATION
EFFECTS OF DIET ON THE RELATIONSHIP BETWEEN
SEDENTARY BEHAVIOUR AND BODY MASS INDEX

IN ADOLESCENTS
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CHAPTER SIX: STUDY THREE

CROSS-SECTIONAL AND PROSPECTIVE MEDIATION EFFECTS OF
DIET ON THE RELATIONSHIP BETWEEN SEDENTARY BEHAVIOUR

AND BODY MASS INDEX IN ADOLESCENTS

6.1 Overview

Chapters Four and Five examined the cross-sectional mediating effects of dietary
intake of the relationship between different types of sedentary behaviour (e.g. TV
viewing, total volume of sedentary time and bouts of sedentary time) with BMI and
metabolic syndrome in U.S. adolescents. Overall, Chapter Four found only a couple
of the dietary variables examined (e.g. sugar-sweetened beverage consumption and
fruit and vegetable intake) partially mediated the relationship between TV viewing
and metabolic syndrome, whereas Chapter Five found none of the dietary variables
mediated the relationship between total volume or bouts of sedentary time with either

BMI or metabolic syndrome.

Given the limitations of a cross-sectional design (e.g. unable to detect cause and
effect), the temporal order of associations between sedentary behaviour, dietary
intake and cardiometabolic health remains unclear, with no study to date exploring
this mediating relationship in an adolescent population. Therefore, the following
study was undertaken to explore both the cross-sectional and prospective mediating
effects of dietary intake on the relationship between sedentary behaviour and BMI in

an Australian adolescent cohort.

The following study has been published as a manuscript in BMC Public Health

(Impact factor: 2.209) and has been formatted according to their requirements. The
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citation for the manuscript is: Fletcher EA, Lamb K, McNaughton SA, Garnett S,
Dunstan DW, Baur L, Salmon J. Cross-sectional and prospective mediating effects
of dietary intake on the relationship between sedentary behaviour and body mass
index in adolescents. BMC Public Health. 2017; 17(1):751. The manuscript
supplementary files can be found directly after the manuscript in Section 6.3. The
‘Authorship Statement’ for this manuscript and a copy of the ‘Permission Statement
to Publish’ this manuscript are contained in Appendix E.1 and Appendix E.2,

respectively.

The author contributions to the manuscript were as follows, with the candidate
contributing to all aspects of the manuscript process: Salmon, Baur and Garnett were
involved as Chief Investigators of the study; Fletcher, McNaughton, Dunstan and
Salmon designed the current study; Fletcher calculated the main variables used in the
analyses; Fletcher performed the main analyses with statistical guidance from Lamb;
Fletcher wrote the initial draft of the manuscript; and Lamb, McNaughton, Garnett,
Dunstan, Baur and Salmon provided critical edits and editions to the manuscript. All

authors approved the final manuscript.
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6.2 Manuscript

Fletcher et al BMC Public Haalth (2017} 17:751

DO 10.1186/¢12889-017-4771-0 BMC PU bllc Hea[th
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Cross-sectional and prospective mediating ® e
effects of dietary intake on the relationship
between sedentary behaviour and body

mass index in adolescents

Elly A Fletcher"@®, Karen E Lamb', Sarah A. McNaughton', Sarah P. Gamett?, David W. Dunstan'*878
Louise A, Baur® and Jo Salmon’

Abstract

Background: Cross-sectional evidence suggests TV viewing, but not objectively-measured sedentary time or bouts
of sedentary time, is consistently associated with body mass index (BMI) in adolescents. However, it is unclear
whether dietary intake is a potential mediator of these relationships. The aim of this study was to explore the
cross-sectional and prospective mediating effects of dietary intake on the association of sedentary behaviour
with BMI z-score (zBMI) in a cohort of Australian adolescents.

Methods: Cross-sectional and prospective analyses were conducted in adolescents aged 12-15 years
participating in the 2002/03 (baseline) and 2004/05 (follow-up) Nepean Growing Up Study. The independent
variables were television (TV) viewing, an objective measure of total sedentary time and average sedentary
bout duration, and the outcome variable zBMI. Using the Scbel-Goodman method with bootstrapping,
mediation analyses were conducted examining three dietary components [discretionary foods, sugar-
sweetened beverages [55B] and takeaway foods) as mediators of assaciations between TV viewing and zBMI
(n = 259) and between total sedentary time and average sedentary bout duration with 2BMI (n = 140).

Results: No significant cross-sectional or prospective total or direct associations were observed for TV viewing,
total sedentary time and awerage sedentary bout duration with zBMI. Howewver, TV viewing was positively
associated with consumnption of takeaway foods cross-sectionally (B = 0.06; 95% Cl 0071 to 0.12), prospectively
at baseline (f = 007; 95% Cl 0071 to 0.12) and prospectively at follow-up (B = 0.10; 95% Cl 0.04, 0.16), and
average sedentary bout duration was inversely associated with 55B consumption both cross-sectionally

(B =—036; 95% Cl 069 to —002) and prospectively at baseline (B = —036; 95% CI -0.70 to —0.02). No
mediation effects were identified.

Conclusions: TV viewing, total sedentary time and bouts of sedentary time were not associated cross-
sectionally or prospectively with adolescents' zBMI, and three elements of dietary intake (eg. intake of

discretionary foods, SSB and takeaway foods) did not mediate this relationship. The role of dietary intake
and sedentary behaviour in relation to adolescent health requires further clarification.

Keywards: Television viewing, Sedentary behaviour, Dietary intake, BMI, Adoclescents
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Background

Adolescent obesity is a major public health concern. The
combined rates of overweight and obesity among adoles-
cents have increased over the last two decades world-
wide [1]. In the United States, the proportion of obese
adolescents has risen from 10.5% in 1988-199%4 to 20.6%
in 2013-2014 [2]. Australia has experienced similar in-
creases with almost one in three adolescents currently
overweight or obese [3]. Given that obesity tracks from
adolescence to adulthood [4], it is imperative to under-
stand the lifestyle risk factors associated with adolescent
obesity, particularly prospectively, in order to inform
effective interventions.

Sedentary behaviour — defined as any waking behav-
iours characterised by low energy expenditure (< 1.5
METS) while in a sitting or reclining posture — has
emerged as a new research focus for obesity prevention
[5]. High amounts of television (TV) viewing, a common
leisure-time sedentary behaviour, during adolescence
have both immediate and long-term health conse-
quences, including a higher risk of obesity [6]. However,
there are inconsistent associations between total time
spent in sedentary time [7, 8], or time spent in periods,
or ‘bouts, of sedentary time [9], and indicators of adipos-
ity (e.g. BMI, waist circumference) in adolescents.

One potential behavioural mechanism that could
explain why TV viewing has more consistent associa-
tions with body mass index (BMI) when compared to
total or bouts of sedentary time in adolescents, is an in-
crease in energy-dense, nutrient poor foods and sugar-
sweetened beverages (S5B). For example, TV viewing has
consistently been reported to be associated with a higher
energy intake, and an increased consumption of dis-
cretionary foods, SSB, and fast food/takeaway foods in
adolescents [10], whereas few studies have reported as-
sociations between objectively-measures of sedentary
time with dietary intake [11, 12]. In addition, no study to
date has explored whether prolonged bouts of sedentary
time are related to dietary intake among adolescents.
The latter is important as studies with adults have
shown that, independent of how much total sedentary
time is accumulated, those with fewer interruptions in
sedentary time (ie., prolonged bouts) have poorer car-
diometabolic health profiles [13].

A systematic review examining whether associations
between sedentary behaviour and health outcomes in
adolescents were independent of dietary intake found
TV viewing, screen time and overall sedentary time
were positively related to BMI, independent of dietary
intake [14]. The systematic review also identified very
few studies had specifically examined the mediating
role of dietary intake in the TV viewing and BMI rela-
tion; with only two studies (out of the 21 studies identi-
fied) exploring this and reporting no mediation effects
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[15, 16]. However, a major limitation of both of these
studies was their cross-sectional design which limits
causal inference. Whereas, a longitudinal design would
allow both the temporal order of associations to be ex-
amined and many other aspects of a mediation model
to be explored.

Against this background, the primary aim of the study
was to explore both the cross-sectional and prospective
mediating effects of the consumption of discretionary
foods, SSB and takeaway foods on the association be-
tween TV viewing and BMI z-score (zBMI) in a cohort
of Australian adolescents, and to examine whether these
findings differ when total sedentary time and sedentary
bout duration are examined. The secondary aims of the
study were to explore the individual associations between
the sedentary behaviour variables (TV viewing, sedentary
time and sedentary bout duration) and dietary intake vari-
ables (discretionary foods, S5B and takeaway foods), as
well as their assodations with zBML Based on the existing
evidence, we hypothesised that consumption of discretion-
ary foods, S5B and takeaway foods would partially mediate
the cross-sectional and prospective association between
TV viewing and zBMI, but would not mediate the cross-
sectional or prospective assodation between total seden-
tary time and sedentary bouts with zBML

Methods

Study design

In 2002/03 (baseline}, 348 adolescents aged 12-13 years
participated in the Nepean Kids Growing-Up Study. The
adolescents were originally part of a birth cohort study
(the “Nepean Study”) which involved 2314 infants born
between 1989 and 1990 at the Nepean Hospital (western
Sydney, Australia). Written consent was obtained from
the parent or guardian and assent from the adolescent
The Ethics Committees of The Children's Hospital at
Westmead and Wentworth Area Health Service gave
ethical approval. Full details about the original study and
eligibility criteria have been previously published [17].
Briefly, the study involved adolescents attending the
clinic at Nepean Hospital, where they had their height
and weight measured and completed a questionnaire on
their demographics and physical activity levels, and a
semi-quantitative food frequency questionnaire (FFQ).
Afterwards, adolescents wore an accelerometer for 7
days during all waking hours. In 2004/05, the adoles-
cents were recontacted and invited to participate in the
follow-up study. In total, 63 adolescents were unable to
be contacted or withdrew from the study, leaving 285
adolescents participating at both time points.

Qutcome variable (zBMI)
Height and weight were measured at both time points
by a trained research assistant and study dietitian at the
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clinic. Height was measured to the nearest 0.1 cm and
weight was measured without shoes and in light clothing
to the nearest 0.1 kg with electronic scales (Wedderburn,
Summer Hill, NSW, Australia). Height and weight were
used to calculate each participants’ BMI and zBMI was
determined using the age- and sex-specific CDC 2000
reference data [18]. Overweight and obesity was deter-
mined using the International Obesity Task Force
(LOTF) criteria [19]. In all analyses, zBMI was treated as
a continuous variable.

Independent variables (sedentary behaviour)

Adolescents completed a self-report questionnaire on
their time spent watching TV (hours/day) on a usual
school day (Monday to Friday) and a usunal weekend day
{Saturday and Sunday). The questionnaire has previously
been shown to have good to excellent reliability (per-
centage agreement = 70%-99%) [20]. To calculate ave-
rage daily hours spent watching TV over a usual week,
daily weekday TV hours was multiplied by five and daily
weekend TV hours was multiplied by 2, then summed
together and divided by seven.

Sedentary time was measured objectively by an
ActiGraph AM-7164 accelerometer (ActiGraph Inc,
Flarida). At both time points, adolescents were asked to
wear the monitor on their right hip during all waking
hours for 7 days, except when bathing, swimming and
sleeping. Data were downloaded in 1-min epochs and
non-wear time was defined as at least 20 min of zero
counts. Sedentary time was defined as all wear-time mi-
nutes with an average activity count of <100 counts per
minute (cpm}), and was standardised for wear time using
the residual method [21]. Average sedentary bout
duration was calculated by summing all uninterrupted
minutes <100 cpm, and then taking the midpoint of all
sedentary bouts that lie on the accumulation curve for
each individual [22]. Analyses were limited to partici-
pants who had =8 h of wear time on 23 week days and
27 h of wear time on 21 weekend day [23).

Mediating variables (dietary intake)

Usual dietary intake was measured using a 56-item
semi-quantitative FFQ), which was developed based on
data from the 1995 Australian National Nutrition Survey
[24]. Adolescents were asked to report how often they
ate certain foods and beverages (either in times per week
or per day) over the previous 7 days. The &-item
frequency response scale was converted to times per
week as follows: 1) “not consumed last week” = 0; 2)
“consumed once last week” = 0.143; 3) “consumed 2-3
times last week” (averape number used) = 0.357; 4) “con-
sumed 4-6 times last week” (average number
used) = 0.714; 5) “consumed once a day" = 1; 6) “con-
sumed 2 times a day” = 2; 7) “consumed 3 times a
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day” = 3; 8) “consumed 4-6 times a day" (averape
number used) = 5. For the analyses, a combination of
food and beverage items were summed together to
create three dietary mediators at both time points: 1)
frequency of consuming discretionary foods, which in-
cluded any savoury or plain biscuits, sweet pastries,
cakes, doughnuts, chocolate, confectionary, and potato
chips; 2} frequency of consuming SSB, which included
non-diet soft drink, non-diet cordial and fruit juice and
not sweetened milk drinks or energy drinks; and 3) fre-
quency of consuming takeaway foods, which included
savoury pastries (e.g. meat pies and sausage ralls), ham-
burgers, pizza, hot chips and spring rolls/dim sims. The
FFQ was tested for reproducibility and overall showed
fair to excellent reliability for sweet snacks (ICC = 061),
savoury snacks (ICC = 0.63), S8Bs (ICC = 0.77), and fast
food (ICC = 0.44). Frequency of consuming discretionary
foods and frequency of consuming SSB were multiplied
by 7 to convert to times per day. Participants with miss-
ing data for any of the dietary items listed were excluded
(r = 2). In all analyses, the dietary mediators were
treated as continuous variables.

Covariates

The covariates considered for the analyses included age
at baseline, sex, maternal education (an indicator for
family socioeconomic status), pubertal status and
accelerometry-measured moderate-to-vigorous physical
activity (MVPA) collected at baseline. Maternal educa-
tion was collapsed into three categories: “low” (some
secondary education or less); “medium” (completing sec-
ondary school, an apprenticeship or technical certifi-
cate); and “high” (university or tertiary qualification).
Pubertal status was self-assessed using the ‘Tanner
Stages' of breast development and commencement of
menses (girls) and pubic hair and genitalia (boys) [25].
For analyses, participants were categorised as early pu-
berty, mid-pubertal, late-pubertal and post-pubertal
Accelerometry-measured MVPA at baseline was calcu-
lated based on the Freedson accelerometer ape-cut
points [26] and considered as a covariate for the analyses
involving sedentary time and sedentary bouts with
zBML

Statistical analyses

As shown in Fig. 1, to be included in the analyses involv-
ing TV viewing and zBMI, participants were required to
have complete data for age, sex, maternal education, pu-
bertal status, dietary intake and TV viewing at baseline,
and complete data for zBMI at baseline and follow-up
(n = 259). To examine the assaciation of total and bouts
of sedentary time, dietary intake and zBMI, separate ana-
lyses were undertaken from a subsample of partidpants
who met the previous inclusion criteria as well as
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Fig. 1 Flow diagram of participants for analyses
L

meeting the accelerometry inclusion criteria at baseline
{r = 140). Prior to the main analyses, all variables were
checked for normality. Discretionary foods, SSB and
takeaway food intake at baseline were not normally dis- b
tributed and were log-transtormed. Pletary ietoke
Analyses were conducted wusing Stata/SE  v14.0 1) Discretanary foods

(StataCorp LP, College Station, Texas, 2015). Figure 2 R
illustrates two theoretical models of the cross-sectional

and prospective mediation pathways examined [27]. For

all mediation analyses, the Sobel-Goodman mediation g b

method with bootstrapping with 5000 replications was

used to estimate standard errors and 95% confidence

intervals [28]). For the cross-sectional analyses, only e ot c

baseline variables were used to test the fbllowing associ- 2 rﬂg;;‘m:um T+ = :::.I".,
ations: 1) association between the independent variable 3} Madsan sedentary baut duration c

and the mediator (a-coefficient pathway); 2) association
between the mediator and the outcome variable, adjust-
ing for the independent variable (b-coefficient pathway)

Model 1: Cross-sectional mediation pathways

Dietary Intake

3) total association between the independent variable
and outcome variable (c-coefficient pathway); 4) direct
assaciation between the independent variable and out-
come variable, accounting for each mediator (c'-coeffi-
cient pathway);, and 5) indiredt association (ep
mediating effect) of the mediator on the independent
variable and outcome variable. For the prospective ana-
lyses, similar pathways were tested. However, dietary in-
take at baseline and dietary intake at follow-up were
examined separately as potential mediators in the associ-
ations between the independent variable at baseline and
the outcome variable at follow-up. All analyses were
adjusted for age, sex, pubertal status and maternal edu-
cation, with objectively-measured MVPA adjusted for in
the analyses involving total and bouts of sedentary time

@t baseline and follow-up
1) Diseretionary focds
1} Sugar sweatened beverages
3| Takeaway loods

/N

Sadantary bahaviar c
81 baseling
Y Tuiewing 0| o m -
2] Total sadentary time .
3] Medsan sedentary bout duration [

Mode| 2: Prospective mediation pathways
Fig. 2 Theanetical diagrarm of the enss-sectional (Model 1) and
prospective Madel 2} mediation pathway

BMI
at baseling

BMI
atfollow-up
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with zBMI. The prospective analyses were additionally
adjusted for zBMI at baseline. The significance level was
set at p < 0.05 for all statistical tests.

Results

Overall, 259 and 140 adolescents were inclided in the
TV viewing and zBMI, and the sedentary time and zBMI
analytic samples, respectively (Table 1). Those excluded
in the TV viewing and zBMI analyses had mothers with
2 lower maternal education and those excluded in the

Table 1 Baseline chamcteristics of participants included in

analyses

Variabibes TV and BMI Sedentary time
(= 259) and ABMI {1 = 140)

Age, wears 129 (129,130 129 (129, 130}

Sex, %h "'

Male 475414, 538} 500 (412, 583)

Fernale 525{444, 584} 500 (417,583}
Matemal education, %

Lonw 69 (44 108) 5023103

Medium 653 (592 708 628 (544, 705)

High 27B(227,338) 321 (248, 404)
Pubertal status, %

Early pubarty 193 (20, 46) 143 (351, 52)

Mid-pubsartal 3551300, 416) 414 (335,500}

Late-pubenta 3550300, 41.6) 350 (275, 434)

Post-pubsertal 2700219, 328 221 (160, 300)
BMI

kg'm?® 207 (202 213) 23 (197, 210)

Pscone a4 (03,05 031,05

Onvenweight, % 189 (146, 243} 134 (88, 204)

Obese, % 92 (63, 135) 92 (54,154)
Sedentary behaviour

TV wviewing (hours/day) 332 (30 34)

Tota sedentary time fhours/day) A1 B0, 63

Auverage sedentary bout 66 b5, 6A)

{rrinutes/day)
MVPA (minutes/day) 482 (350, 614)
D tary intake

Discretionary foods (ieq/dad 24 (22 26) 24 21,27

Sugarswestened beverages 2101823 19016, 23)

(Tre/da}

Takeaway Tood (Tegfeeek) 3430, 38 32 (28,38

B body mass index, 2861 BMI z-score, TV television, MUPA moderate-to-
wikgorous. physlcal activity: freq: frequency

Footnote Matama education: low = some secondary education or less;
medium = completing secondary school, an apprenticeship or technical
certificate high = university or tertiary qualification. P ubertal status
self-assessed using the Tanner Stages’ [25]. BMI z-score determined using the
age- and sex-specific COC 2000 reference data 18], Overweight and obesty
determined wsing the Intermational Obesity Task Force §OTF onterla [14
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sedentary time and zBMI analyses were older, had a
lower maternal education and had a higher proportion
of overweight participants {Additional file 1: Tables S1
and S2 in the online supplement file).

Assodations between TV viewing, dietary intake and zBMI
Cross-sectionalfy

There was no evidence of total or direct cross-sectional as-
sociations of TV viewing with zBMI (Table 2). A small,
positive association was observed between hours spent
watching TV per day and frequency of consuming take-
away foods each week (a-codficient pathway); with each
additional hour of TV viewing, adolescents consumed an
additional 0.06 serves (95% CI 0.01 to 012 p < 0.05) of
takeaway foods each week. An inverse assodation was also
observed for consuming discretionary foods each day and
ZBMI (b-coeffident pathway); with each additional serving
of discretionary foods consumed each day, zBMI was lower
by -0.39 units (95% CI -0.65 to =0.1% p < 0.01). None of
the dietary variables were significant mediators of the
cross-sectional association of TV viewing with zBML

Prospectively

There was no evidence of total or direct prospective
associations between TV viewing at baseline and zBMI at
follow-up. Similar to the cross-sectional associations, a
positive prospective association was observed between
hours spent watching TV per day and frequency of con-
suming takeaway foods each week at baseline and at
follow-up. For example, for each additional hour of TV
viewing, adolescents consumed an additional 0.07 (95% CI
001 to 0.12 p < 0.05) serves of take-away foods each week
at baseling, and an additional 0.10 (95% CI 0.04 to 016
P < 005) serves of take-away foods each week at follow -up.
However, no significant association remained for any of the
dietary variables consumed at baseline and at follow-up
with zBMI at follow-up (b-codfficient pathway). None of
the dietary variables were significant mediators of the pro-
spective association between TV viewing and zBML

Associations between total sedentary time, dietary intake
and zBMI

Cross-sectionalfy

There was no evidence of total or diredt cross-sectional
associations for total sedentary time (hours/day) and
zBMI, or between total sedentary time and any of the diet-
ary mediators (a-coefficient pathway) (Table 3). An inverse
association was observed between frequency of consum-
ing discretionary foods per day and zBMI; with each
additional discretionary food consumed each week, zBMI
was lower by —0.42 units (95% CI -0.77 to -0.07; p < 0.05)
{(b-coefficient). There were no significant mediating effects
for any of the dietary variables in the cross-sectional asso-
ciation of total sedentary time with zZBML
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Table 2 Cross-sectional® and pmsp-ecri\.e" associations of dietary intake (mediator), TV viewing (independent) and zBMI (outcome)

(n = 259)
Outearme Ml & coeffident acoellicient P bracefMicient B (95%  abyindirect [mediated/indirea)
Independent: TV viewing divect} p (95% C) 5% C1) a Uneomected B {95% () Biascormected B (95% O}
Cross-sedional mediators
Discretionary food (freqfday) 005 (=002 013) Q01 (=003, Q05) =039 (<065, <013 004 (=018 0.10) 004 (-0.23, 012
S5H ffreqiday) 005 (=003, 013) Q02 (=003, 007 Q03 (=015, 0.22) 001 (<004, Q05) Q01 (=007, 009
Takeaway food (freqg week) 005 (=002, 013} 006 (001, Q12* =007 (<024, 0.09) =005 (=016, 007) =005 (=022, 006}
Prospeaive mediaars
At baseline
Discreticnary Bxods (Treg/dayy =001 (<004, 0020 Q01 (=002, 005 Q02 (=009, 013} 001 (<001, 002 001 (=002, 004)
<58 regiday) =001 {~004,002) 002 (=003, 007 003 (-0.04, 011} 001 (=002, 03 001 (=002, Q04)
Takeaway food (feqAiveek) =001 (<004, 002) 007 (001, Q12F 001 (<007, Q08) =001 {=0.04, 005) =001 (-0.08, 0.05)
At Folkew-up
Discretionary foods (freqfdad =001 (=004, Q02 002 (<002, Q07 =004 (<013, Q06) =001 (=004, 003 =001 (-0.08, Q0%
SSB (reqiday) =001 (<004, 002) =001 (<005, 004) 003 (=008 011} =0001 (=001, 001} 0001 {-0.03, 002}
Takeaway food (fegAveak) =001 (<004, 002) 010 (004, Q6 002 (=005, 0:08) 002 (<005, 0.08) 002 (=004, 009

“Cross-sectional total effects (c-pathway] of TV viewing and zBMI B = 0.05 (95% CI 2003 to 0131 adjusting for age, sex, mothers education and pubertal status.
Eprospective total effects [c-pathway) of TV viewing and zEM B =—0.01 (95% CI 004 to 0.02), adjusting for age, sex, mothars aducation, pubartal status and ZEM
at baseline. “Due to the small units of measure, the indirect effects have been multiplied by 10

Significant **p < 0L01, *p < 0O5. TW: televtsion: S5E: sugar-sweetened beverages; zEML body mass index zscore: freq: frequency

Prospectively

Total sedentary time at baseline was not significantly
associated with zBMI at follow-up, accounting for
mediation by dietary intake at baseline and at follow-up.
No significant associations were also observed for any of
the total, direct and indirect pathways, nor with the a-
coefficient and b-coefficient pathways.

Associations between average sedentary bout duration,
dietary intake and zBMI

Cross-sectionaffy

No significant total or direct cross-sectional associations
were observed for average sedentary bout duration
(minutes/day) with zBMI (Table 4). Average sedentary
bout duration was inversely related to frequency of

Table 3 Cross-sectional® and pmsp-ecri\.eh assodations of dietary intake (mediator), sedentzary ime (independent) and zBMI

[outcome) (n = 140)

Outcome BMI coeflicient (direct})  a-aefficent

Independent: total sedentary tirme R a5 ) R Gs% )

b coefTicient
P (95% )

abvindirect {mediated/indirect]
Uncorrected B 5% O} Biascormected B (GE)

Crosssedional mediators

Discretionay food (freqfday) 027 (-0.03, 0.58) =QOT {015, OL14) =042 (<077, <007 001 (<051, 063) Q01 (=062, 0.53)

S5 {freq/ilay) 027 (-0.05, 0.58) =016 (<038, Q06) =004 (<029, 020) 007 (<033 038) Q07 (=031, 061)

Takeaweay Tood (fieqfwaek) 027 (-0.05, 0.58) Q06 (<030, 018} <004 (<026, 018 002 {-013, 0.18) Q02 (=036, 0.35)

Prospeaive mediaars

At baseline
Discretionary food (freq/dad Q05 (=007, 017 003 (=002 Q17) 003 (=010,017) 001 (=005, 007 Qo (=008, 015)
SER freqiday) Q05 (=006, 017 =015 (=037 Q07 002 (=007, 011) =003 (=017, 01 1) =003 (=022 013}
Takeaway food (Feghweekl Q05 (<007, 017 =005 (<030, 19) =003 (<012, 005 002 (=008 A1) Q02 (=012, 0.16)

At folkw-up '
Discretionary food (freq/dayy 005 (<007, Q17 008 (-009, 024} 001 {-0.11,013) Q01 (=005, 010} Q01 (=016, 0.17)
S5 freqiday) Q05 (-0.06, 017 =04 (<023, 015} 001 (-010,012) =01 (=005, 004) =001 (=011, 0.09)
Takeaway food (Feqhvweek) 005 (<006, 017 021 (=057, 047) =001 (=008, 007 =001 {=0L16, 015) =001 {-0.19,0.17)

“Cross-sectional total effects (c-pathwayl of total sedentary time and zBMI f = 027 (95% CI -0.04 to 0.58] ad|usting for age, sex, mothers education and pubertal
status_ "Prospective total effects fc-pathway) of total sedentary time and zBMI B = 005 [95% €1 -0.06 to 0.17), adjusting for age. sex, mother's education, pubertal
status and zBMI at baseline. "Due to the small units of measure the indirect effects have been multiplied by 10. Significant *p < 0.05. S5B: sugar-sweetened bewver-
ages; zZBME: body mass index zscore; freq: frequency
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Table 4 Cross-sectional® and prospective™ associations of dietary intake (mediaton), sedentry bouts (independent) and zBMI

(outcome) (n = 140)

Outcorme Ml < -coeflicient direct)  a-coeffident bcoefficient abyindirect {mediatedindirect)”®
Independent: sedentary bouts Riass Baza O B (5% C) Uncorrected B (95% O Bias-corrected B (SE)
Cross-sedional mediaters
Discretionary food (fregiday) 012 (=0.36, 061) =008 (=031, 015 =042 (=077, <0068 032 (<067, 132 032 (=055, 1.37)
S5B (Fegiday) Q14 (=0.36, 064) =036 (<069, <002 006 (=030, 019} 020 (<071, 1.11) 020 (=068, 0.12)
Takeaway food (Trog/week) 016 (=033, 065) 003 (=034, 041} =005 (=028, 018} =002 (<021, Q.18) =002 [-062, 034}
Prospectve mediatars
At baseline
Discretionay food (freg/day) 008 (<010, 0.26) =006 (<029, 017) 004 (<010, Q17 =002 {<0.14, .10} =002 (=024, 014}
<58 (req/day) 09 (=009, 0.27) -036(-070, -002* 002 (<007, 0.11) =009 (-0.42, 0.24) ~0.09 (-052, 0.24)
Takeaway food (Fegimesk) 008 (<010, 0.26) 004 (=034, 047} =004 (<0.12, 004} =001 {=0.15, Q.13) =001 (=027, 018}
At folkww-up
Discretionary food (freg/day) 008 (-0.10, 0.26) =008 (034,017 002 (<010, 0.14) =002 (=0.12, 0.09) -0.02 {-0.28, 0.16)
LB Mreqiday) Q08 (<010, 0.26) Q11 (<018, 040 Qo (-aomao, a1y am {-an, a3 Qo (=019, 0.20)

Takeaway food (Faghimesk) 008 (<010, 026} Q06 (=035, 048)

=001 (=008, 007 =001 (=005, 0.04} =0.01 {018, .17}

*Cross-sectbonal total effects (c-pathway] of average sedentary bout and zEM P =016 5% (1 4033 to (65), adjusting for age, sex, mothers education and
pubertal status. ® Prospective total effects (c-pathway) of average sedentary bout and zBMI B = 0.0% 5% O -0.10 to (.26), adjusting for age, sex, mothers
education, pubertal status and zEMI at baseline. “Due to the small units of measure, the indirect effects have been multiplied by 100 Significant *p < 0005 558:

sugar-sweetened beverages; 7B ME hody mass index z-score; freqy frequency

consuming SSB each day (a-coefficient pathway); with
each additional minute spent in a sedentary bout, the
frequency of consuming SSB was lower by nearly half a
serve each day (B = -0.36, 95% CI -069 to -0.02%
p < 0.05). An inverse association was also observed for
frequency of consuming discretionary foods each week
and zBMI (b-coefficient pathway); with each additional
discretionary food consumed each week, zZBMI was
lower by -0.42 units (95% CI -0.77 to -006; p < 0.05).
None of the dietary variables significantly mediated
cross-sectional associations of sedentary bout duration
with zBML

Prospectively

When examining the prospective associations between
average sedentary bout duration at baseline and zBMI at
follow-up, no significant total or direct associations were
observed. However, a significant inverse association
remained for average sedentary bout duration with f-
requency of consuming S5B at baseline (B = -0.36; 95%
CI -0.70 to -0.02; p < 0.05), but not at follow-up for the
a-coefficient pathways. No significant associations were
observed for the b-coefficient pathways or mediating
effects.

Discussion

This study found no evidence of direct or indirect
associations for TV viewing, total sedentary time and
average sedentary bout duration with adolescents’ zBMI,
either cross-sectionally or prospectively. Although some
of the dietary variables were independently associated

with TV viewing, average sedentary bout duration and
zBMI, none of the dietary variables significantly medi-
ated the relationships between the sedentary variables
and zBMI cross-sectionally or prospectively.

The null finding for the association of TV viewing with
zBMI in the current study is in contrast to previous
studies in youth that have consistently shown significant
and positive associations both cross-sectionally [6]) and
prospectively [29, 30]. The differences in findings could
be attributed to the homogeneity of the current sample
being examined, with higher than average number of
hours spent watching TV [31] and a lower zBMI com-
pared to the population average [32]. The null associ-
ation for total sedentary time and average sedentary
bout duration with zBMI is supported by some previous
studies [8, 33-35], but not others [7]. Research examin-
ing accelerometer-measured sedentary time with health
indictors among children and youth appears to be
mixed; it is unclear whether an association exists in only
some populations or if there are inconsistencies in meas-
uring sedentary time and/or the analytical approaches
undertaken.

The positive association observed for TV viewing with
the consumption of takeaway foods, both cross-sectionally
and prospectively is consistent with previous research
[36, 37]. This link could be partially explained by the
large extent of TV advertising of foods high in fat
and energy during peak times when children and
adolescents are likely to be watching TV [38]. In
contrast, no evidence of an association was observed
for total sedentary time with any of the dietary
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variables. The null finding is consistent with previous lit-
erature in youth [11, 12] where, compared to TV viewing,
fewer significant associations are observed for total seden-
tary time with elements of a less healthy diet. The null
finding could be due to the measure used to capture total
sedentary time For example, accelerometers measure aff
time spent being sedentary, and thus may capture times
where adolescents may not be eating/drinking (eg. sitting
in school, sitting in the car). In addition, due to accelerom-
eters being unable to determine posture (e.g. standing still
versus sitting), time spent standing may have been induded
in total sedentary time and thus may diminish the oppor-
tunity to engage in an eating occasion. Unexpectedly, the
study found higher sedentary bout duration was inversely
associated with a lower consumption of SSB, bath cross-
sectionally and prospectively. One passble reason for this
could be due to the adolescents not breaking up their sed-
entary time in order to retrieve a S5B from another room
(e.g. the kitchen, school cnteen). However, given the
current study is one of the first to examine individual asso-
ciations between sedentary bout dumtion and dietary in-
take, further research is urgently needed in this area.

In contrast, the cross-sectional, inverse association
found for discretionary foods with zBMI, and the null
finding for SSB and takeaway foods is in contrast with
previous studies that have found positive assodations for
unhealthy dietary intake with BMI [39, 40]. Our findings
could be a consequence of under-reporting, where
overweight or obese children and adolescents have been
found to under-report their energy intake by 20-40% [41].
Alternatively, it is possible that some participants in the
current study with a higher ZBMI may have changed their
behaviour by decreasing their discretionary food intake
over time as a strategy to manage their weight.

Only one other study has explored the prospective as-
sociations between TV viewing, dietary intake and BMI;
however, that study examined a younger population of
pre-school children aged 0-5 years over a 2-year period
[42]. In contrast to the current study, Fuller-Tyszkiewicz
et al. reported a significant positive association between
TV viewing and BMI that was bi-directional, with those
children characterised with high amounts of TV viewing
having higher BMI, and children with higher BMI
watching a greater amount of TV. In addition, that study
reported the prospective associations between TV
viewing and BMI among 4 year olds were mediated by
discretionary foods and soft drink consumption [42].
The differences in findings between the current study
and previous study could be contributed to the different
study populations and dietary mediators being examined,
and that the previous study only examined TV view-
ing and BMI. Thus, further prospective studies are
needed to explore whether dietary intake mediates the
relationship between various sedentary behaviours
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(both subjective and objectively measured) and health
indicators (e.g. BML, metabolic syndrome).

To our knowledpge, the current study is the first to
examine both the cross-sectional and prospective medi-
ating effects of dietary intake on the association between
sedentary behaviour and zBMI in an adolescent popula-
tion, and the first to examine this using objective
measures of sedentary time. Other strengths include ad-
justment for a variety of confounders, including mater-
nal education and adolescent pubertal status, and
examining the dietary mediators (discretionary foods,
SSB, takeaway foods) separately in all models. Limita-
tions of the study include participants self-reporting
their dietary intake using an FFQ and hours spent
watching TV, and the low sample size for mediation ana-
lyses. In addition, the semi-quantitative FFQ used in the
current study was limited with the number of healthy
food items included (e.g. fruit and vegetables) and did
not have information on portion sizes. There were also
differences in those that were included and excluded in
the analysis of this study and thus may limit the repre-
sentative of the findings. Further, the data presented in
the current study was collected more than a decade ago
and thus the behaviours reported in the study may not
reflect the contemporary sedentary and dietary behav-
iours adolescents are engaging in today.

Conclusion

In conclusion, despite identifying some significant
associations between TV viewing and average sedentary
bout duration with frequency of consuming takeaway
foods and SSB, and between frequency of consuming
discretionary foods and zBMI, no significant associations
were observed for any of the sedentary behaviour
variables with zBMI, either cross-sectionally or prospect-
ively. In addition, none of the dietary variables were
found to be significant mediators of the associations
between sedentary behaviour and zBML Given the
unacceptably high levels of adolescent overweight and
obesity, further studies are warranted to elucidate the
complex relationships between TV viewing, sedentary
time, dietary intake and health indicators.

Additional file

Additional fie 1: Supplement file. Comparison of bassline
characteridics of participants included in the TV viewing and zBMI
analyzes compared to those escluded in the anatyses. (PDF 29 kb)
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EML Body mass index; Cpm: Counts per minute; FRQ: Foad frequency
questionnaire; MWPA: Maderate-to-vigarous physical activity; 358 Sugar-
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6.3 Manuscript supplementary files

The supplementary file supporting the manuscript “Cross-sectional and prospective
mediating effects of dietary intake on the relationship between sedentary behaviour

and body mass index in adolescents™ can be found on the following pages.

The supplementary files include:
» Table S1: Comparison of baseline characteristics of participants included in the
TV viewing and zBMI analyses compared to those excluded in the analyses
» Table S2: Comparison of baseline characteristics of participants included in the

sedentary time and zBMI analyses compared to those excluded in the analyses
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Table S1: Comparison of mean (95%CI) baseline characteristics of participants
included in the TV viewing and zBMI analyses (n=259) compared to those excluded in

the analyses (n=88)

Variables Included Excluded
(n=259) (n=88)
Age, years 12.9 (12.9, 13.0) 13.0 (12.9, 13.0)
Sex, %
Male 47.5 (41.4, 53.6) 56.2 (45.6, 66.3)
Female 52.5 (46.4, 58.4) 43.8 (33.7, 54.5)

Maternal education, %

Low 6.9 (4.4,10.8) 18.6 (11.6, 28.5)*

Medium 65.3 (59.2, 70.8) 64.0 (53.1, 73.5)

High 27.8 (22.7, 33.6) 17.4 (10.7, 27.2)
Pubertal status, %

Early puberty 19.3 (8.0, 4.6) 0.0 (0.0, 0.0)

Mid-pubertal 35.5(30.0, 41.6) 31.4 (21.5, 43.5)

Late-pubertal
Post-pubertal
BMI

35.5 (30.0, 41.6)
27.0 (21.9, 32.8)

44.3 (32.9, 56.3)
24.3 (15.5, 36.0)

kg/m? 20.7 (20.2, 21.3) 20.8 (19.9, 21.7)

z-score 0.4 (0.3, 0.5) 0.4 (0.2, 0.6)

Overweight, % 18.9 (14.6, 24.2) 23.9 (56.4, 76.2)

Obese, % 9.2 (6.3,13.5) 9.1(4.5,17.3)
Sedentary behavior

TV viewing (hours/day) 3.2(3.0,3.4) 3.0(2.7,3.3)
Dietary intake

Discretionary foods (freg/day) 2.4 (2.2, 2.6) 2.3(2.0,2.7)

Sugar-sweetened beverages (freg/day) 2.1(1.8,2.3) 2.0 (14.6, 2.4)

Takeaway food (freg/week) 3.4 (3.1, 3.6) 3.5(2.9,4.1)

TV: television; MVPA: moderate-to-vigorous physical activity; freq: frequency

*Significant p < 0.05
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Table S2: Comparison of mean (95%CIl) baseline characteristics of participants

included in the sedentary time and zBMI analyses (n=140) compared to those excluded

in the analyses (n=88)

Variables

Included
(n=140)

Excluded
(n=207)

Age, years

Sex, %
Male
Female

Maternal education, %

Low
Medium
High

Pubertal status, %

Early puberty

Mid-pubertal

Late-pubertal

Post-pubertal
BMI

kg/m?

z-score

Overweight, %

Obese, %

Sedentary behavior
Total sedentary time (hours/day)
Average sedentary bouts (mins/day)
MVPA (mins/day)

Dietary intake

Discretionary foods (freg/day)
Sugar-sweetened beverages (freg/day)
Takeaway food (freg/week)

12.9 (12.9, 13.0)

50.0 (41.7, 58.3)
50.0 (41.7, 58.3)

5.0 (2.3, 10.2)
62.8 (54.4, 70.5)
32.1 (24.8, 40.4)

14.3 (35.1, 56.2)
41.4 (33.5, 50.0)
35.0 (27.5, 43.4)
22.1(16.0, 30.0)

20.3 (19.7, 21.0)
0.3 (0.1, 0.5)
13.6 (8.8, 20.4)

9.2 (5.4, 15.4)

6.1 (6.0, 6.2)
6.6 (6.5, 6.6)
48.2 (35.0, 61.4)

2.4 (2.1, 2.7)
1.9 (1.6, 2.2)
3.2 (2.8, 3.6)

13.0 (12.9, 13.0)*

49.5 (42.7, 56.3)
50.5 (43.7, 57.3)

13.2 (9.2, 18.6)*
66.3 (59.5, 72.5)
20.5 (15.5, 26.6)

1.6 (0.5, 4.8)
29.6 (23.5, 36.6)
39.2 (32.4, 46.4)
29.6 (23.5, 36.6)

21.0 (20.4, 21.6)
0.5 (0.3, 0.6)
24.6 (19.2, 31.0)*

9.2 (5.9, 14.0)

5.8 (5.3, 6.2)
6.6 (6.5, 6.6)
40.8 (34.2, 47.4)

2.3 (2.1, 2.5)
2.2 (1.9, 2.4)
3.5 (3.1, 3.9)

TV: television; MVPA: moderate-to-vigorous physical activity; freq: frequency

*Significant p < 0.05
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6.4 Summary

The study presented in Chapter Six is the first study to examine both the cross-
sectional and prospective mediating effects of dietary intake on the association
between various sedentary behaviours (e.g. TV viewing, total volume and bouts of
sedentary time) and BMI in a cohort of Australian adolescents. Overall, no
significant cross-sectional or prospective associations were observed for any of the

sedentary behaviour variables and BMI.

In contrast to the candidate’s hypothesis, none of the dietary variables (e.g. frequency
of consumption of discretionary foods, sugar-sweetened beverages and takeaway
foods) mediated the relationship between TV viewing and BMI, either cross-
sectionally and prospectively, nor did any of the dietary variables mediate the
relationship when total volume and bouts of sedentary time were examined. These
findings, along with the findings presented in Chapter Four and Five, highlight the
complex relationships observed between TV viewing, sedentary time, dietary intake
and cardiometabolic health indicators. Further research using experimental designs
may allow a better understanding of the role dietary intake may play in the sedentary

behaviour and cardiometabolic health relationship.
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CHAPTER SEVEN: STUDY FOUR

EFFECTS OF BREAKING UP SITTING ON ADOLESCENTS’ POSTPRANDIAL
GLUCOSE AFTER CONSUMING MEALS VARYING IN ENERGY':

AN EXPERIMENTAL TRIAL

7.1 Overview

Chapters Four, Five and Six have examined the cross-sectional and prospective
mediating effects of dietary intake of the relationship between different types of
sedentary behaviours (e.g. TV viewing, total sedentary time and bouts of sedentary
time) with BMI and metabolic syndrome in U.S. and Australian adolescent cohorts.
These observational findings provided mixed findings into the mediating effects of
dietary intake in the sedentary behaviour and cardiometabolic health relationship. For
example, while Chapter Four found some of the dietary variables to partially mediate
the relationship between TV viewing and metabolic syndrome, Chapters Five and
Six found no mediating effects with any of the dietary variables in the relationship
between TV viewing, total volume and bouts of sedentary time with either BMI or

metabolic syndrome.

Due to the observational design of the studies presented in Chapters Four to Six, it
remains unclear how dietary intake interacts with sedentary behaviour and the
independent and combined effects it has with cardiometabolic risk markers.
Therefore, the following study was conducted to explore the effects that dietary
intake had on cardiometabolic risk markers when sitting was prolonged or when
sitting was interrupted. The findings from this study complement the findings from

the observational studies and provide novel evidence on the role that dietary intake
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plays in the sedentary behaviour and cardiometabolic health relationship in a

controlled, clinical setting.

The following study has been published as a manuscript in the Journal of Science
and Medicine in Sport (Impact factor; 3.756) and has been formatted according to
their requirements. The citation for the manuscript is: Fletcher EA, Salmon J,
McNaughton SA, Orellana L, Wadley GD, Bruce C, Dempsey PC, Lacy KE, Dunstan
DW. Effects of breaking up sitting on adolescents’ postprandial glucose after
consuming meals varying in energy: a cross-over randomised trial. Journal of
Science and Medicine in Sport (2017) (in press). The manuscript supplementary files
can be found directly after the manuscript in Section 7.3. The ‘Authorship Statement’
for this manuscript and a copy of the ‘Permission Statement to Publish’ this

manuscript are contained in Appendix F.1 and Appendix F.2, respectively.

Findings from this article were presented at the International Society for Physical
Activity and Health in Bangkok, Thailand in November 2016 (abstract available in
Appendix F.3) and at the NHMRC Centre for Research Excellent in sitting and
chronic conditions symposium at Baker Heart and Diabetes Institute, Melbourne in

December 2016.

For the following study, the candidate was actively involved in all aspects of the
study design and data collection process, as well as the manuscript process. A

specific list of the candidate’s contributions to the study are outlined below:

Contributions to the study design and data collection

» Substantially contributed to the design and protocol of the study
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Drafted and submitted the National Ethics Application Form to Deakin
University Human Research Ethics Committee (Ethics approval in Appendix
F.4)

Drafted the Plain Language Statement and Consent form used in the study
(Appendix F.5)

Developed all study materials including the main surveys (Appendix F.6 and
Appendix F.7), 1-day food diary (Appendix F.8), checklist survey (Appendix
F.9, food intake records (Appendix F.10), study instructions for participants
and study protocol.

Designed the recruitment materials including flyers, brochures and
advertising materials (Appendix F.11).

Actively recruited all adolescent participants into the study.

Scheduled, attended and collected the data for all research visits at the
participant’s home and at the laboratory

Obtained accreditation to safely fit and remove the continuous glucose
monitoring systems to participants

Created and distributed individualised report cards for all participants
(Appendix F.12)

Processed the data collected, including the continuous glucose monitoring

system data

Contributions to the manuscript

The candidate contributed to all aspects of the manuscript process, with the author

contributions to the manuscript as follows: Fletcher, Salmon, McNaughton, Bruce,

Wadley, Lacy and Dunstan conceived and designed the study; Fletcher collected the

data and calculated the main variables used in the analyses; Fletcher and Orellana
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performed the main analyses; Fletcher wrote the initial draft of the manuscript; and
Fletcher, Salmon, McNaughton, Bruce, Wadley, Dempsey, Orellana, Lacy and
Dunstan provided critical edits to the manuscript. All authors approved the final

manuscript.
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ARTICLE INFO ABSTRACT

Article histary: Objectives: To explore the impact of uninterrupted sitting versus sitting with resistance-type activity
Received 5 February 2017 breaks on adolescents’ postprandial glucose responses while consuming a diet varying in energy.
Received in revised form 25 May 2017 Design: Cross-over randomised trial.

Accepted 1 June 2007

Availahile online 100 Methods: Thirteen healthy participants [16.4 £ 1.3 years) completed a four-treatment cross-over trial:

(1) uninterrupted sitting + high-energy diet; (2) sitting with breaks + high-energy diet; (3) uninterrupted
sitting + standard-energy diet; and (4) sitting with breaks + standard-energy diet. For all four conditions,

mﬁliksm: two identical meals were consumed; at 0h and 3h. A continuous glucose monitoring system (CGM)
Diet recorded interstitial glucose concentrations every five minutes. Linear mixed models examined differ-
Adolescents ences in glucose positive incremental area under the curve (IAUC) and total AUC between the sitting and
Elood glucnse diet conditions for the first meal, second meal and entire trial period.

Continuous glecose manitor Resulis: Compared to the uninterrupted sitting conditions, the breaks condition elicited a 36.0 mmol/Lih

{95%C16.6-65.5) and 35.9mmaol/ L/ h (95%0 6.6-65.5) lower iALUC response after the first and second meal,
respectively, but not for the entire trial period or for total AUC. Compared to the standard-energy diet, the
high-energy diet elicited 2 55.0 mmol/Lfh (95%C1 25.8-84.2) and 75.7 mmol/L/h (95%C1 8.6-142.7) higher
IALUC response after the first meal and entire trial, respectively. Similar response to the high-energy diet
were observed for total AUC,
Conclustons: According to iAUC, interrupting sitting had a significant effect on lowering postprandial
glucose for both dietary conditions, however, it was not significant when examining total AUC. Larger
studies are needed to confirm these findings.
Chinical Trial Regisiration Number: ACTRN12615001 145504,
@ 2017 Sports Medicine Australia. Published by Elsevier Ltd. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org licenses/by-nc-nd/ 4.0 .

1. Introduction

Chronic health conditions thought to develop during late adult-

hood, such as metabolic syndrome and type 2 diabetes, are now

Abbreviations: AUC, Area under the curve; CGM, Continuous gluccse monitoring '_xc'_J rring atg younger ag;z than in previous dt::cad_es.-_Some stud-

system. ies in youth.” but not all,” suggest that engaging in high volumes

+ Comresponding authar. of sedentary time is associated with increased fasting blood glu-
E-muil address: elly fletcher@deakin.edu.au (EA. Fletcher).
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1440-2440/& 2017 Sports Medicine Australia. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-MD license ( http: | creativecommons.org/licenses/
by-nic-nd/4.0/)
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124



G Model
JSAMS-1541; No.of Pages6

Chapter Seven: Study Four

2 EA.Fletcher et al. / Journal of Science and Medicine in Spart aex (200 7) xooe-x000

cose levels and insulin resistance which are key risk factors for
developing these conditions. Thus, targeting reductions in seden-
tary time has the potential to improve an adolescent’s metabolic
profile and reduce their risk of developing metabolic syndrome or
type 2 diabetes.

In the last decade, acute experimental trials have reported that
interrupting sitting time with brief bouts of light- or moderate-
intensity walking reduces postprandial glucose and insulin levels
in healthy®® and overweight/obese adults."” Moreover, two recent
randomised cross-over studies have extended these findings into
younger populations®® One study by Belcher et al. demon-
strated that interrupting 3 h of continuous sitting with 3-min
light-intensity walking breaks every 30min reduced postprandial
glucose by 7% and insulin levels by 32% in children aged 7- 11 years.®
However, the other study by Saunders et al. reported no significant
differences in glucose or insulin responses in children aged 10-14
years when 8 h of prolonged sitting was interrupted with 2-min
light- or moderate-intensity walking breaks every 20 min.*

The inconsistent findings between experimental studies may be
explained in part by disparities in the energy content of the meals
and by differences in blood sampling intervals. In the study by Saun-
ders et al.,® although the meals were specifically developed for a
young population, they may not have contained enough energy or
the most suitable foods or beverages to raise glucose and insulin
levels as has been demonstrated in adult studies.* ° In contrast,
the findings by Belcher et al® indicate that the use of meals con-
taining a large amount of energy (e.g. a buffet style meal) may
be necessary to elicit a sufficient glycaemic challenge to observe
significant differences between intervention conditions. In addi-
tion, blood samples were collected at different time intervals (ie.
30 min® versus 90 min®), which may not have been sufficiently
regular to capture the fluctuations in glucose often seen in healthy,
young populations. Continuous glucose monitoring systems(CGM)
are minimally invasive and assesses interstitial glucose concen-
trations every 5 min. This provides the opportunity to assess the
various temporal changes in blood glucose levels.'? Although these
devices are widely used clinically and in patients with type 1 or 2
diabetes,'™'" no study to date has used a CGM to examine the acute
effects of interrupting sitting on glucose responses in a healthy,
young population.

Given the key role that dietary intake has on glucose
metabolism,'? it is surprising that no study to date has examined
the effects of interrupting prolonged sitting on postprandial glu-
cose when the dietary component is manipulated. Therefore, the
aim of this pilot study was to explore the impact of uninterrupted
sitring versus sitting with activity breaks on adolescents’ postpran-
dial glucose responses after consuming a diet varying in energy
(e.g. high-energy versus standard-energy) across three time peri-
ods; (1) after the first meal; (2) after the second meal; (3] and the
entire trial period. While we anticipated that the high-energy diet
would elicit increased glucose responses overall, we hypothesised
that the activity breaks would significantly attenuate postprandial
glucose after the first meal, second meal and the entire trial period
when compared to uninterrupted sitting for both diet conditions.

2. Methods

Ethical approval was obtained by Deakin University Human
Research Ethics Committee in April 2015 (#2015-039). Study par-
ticipants were recruited between September and December 2015
via flyers, local newspaper advertisement and word of mouth in
Melbourne, Australia. Eligible participants were aged between 14
and 17 years, in good general health, not on any glucose lowering
medications and had no dietary allergies. Eligibility criteria were
assessed via phone screening interview with the participant or

their parent. The recruitment stages are shown in Fig. 51. Written
parental and participant consent was provided by 16 participants,
with 15 participants completing the four trial conditions over the
school summer holidays (November 2015 to January 2016). Par-
ticipants who completed all four conditions received a FitBit" as
compensation for their time.

The study was an acute, cross-over factorial randomised trial
involving four experimental conditions each performed over a
6-h period: (1) uninterrupted sitting and high-energy diet; (2]
interrupted sitting with 2-min activity breaks every 18-min and
high-energy diet; (3) uninterrupted sitting and standard-energy
diet; and (4) interrupted sitting with 2-min activity breaks every
18-min and standard-energy diet. For each condition, participants
received two meals, consumed at 0 and 3 h. The 2-min activity
breaks involved body-weight resistance exercises and included 30-
s half squats, 30-s calf raises, 30-s knee lifts and 30-s step-ups.
Resistance-type activities were selected as resistance-type activ-
ities utilises larger muscle groups,' and thus may promote an
increased energy expenditure and higher glucose uptake. The study
protocol and an example of one of the experimental conditions is
shown in Fig. 1.

After enrolment, each participant was assigned one of the pre-
determined condition orders using a sequence which was randomly
computer-generated by a research assistant. Participants were kept
blinded to the order in which they completed each condition until
the morning of each visit. Since moderate-intensity physical activ-
ity has been shown to have no residual effects on plasma glucose
past a 17-h period," a one-day minimum washout period was
selected between trial conditions. The 24-h prior to each con-
dition, participants were asked to refrain from participating in
any moderate-to-vigorous physical activity (MVPA). Compliance to
MVPA was self-reported using a checklist completed the morning
on each condition day.

For all four experimental conditions, participants arrived at
the laboratory between 0730 and 0800 after a 12-h overnight
fast. At the first visit only, participants’ height, weight, waist cir-
cumference, and blood pressure were measured using standard
procedures.''% Participants had access to a television, DVDs,
sedentary video games, and computer and internet services. Par-
ticipants were provided with a comfortable chair throughout the
trial and were instructed to situpright and minimise any movement
when not performing the activity breaks. If participants needed to
use the lavatory, they were escorted in a wheelchair. Research staff
directly supervised the participants at all times to ensure com-
pliance with the protocol. For descriptive purposes, participants
completed a questionnaire about their usual MVPA'7 and seden-
tary behaviours levels'® on the first condition day, and completed
a 1-day food diary of food, beverages and medications consumed
the day before each of the four experimental conditions. The food
diaries were collected by researchers the morning of each condi-
tion toensure compliance to the 12-h overnight fast and to calculate
usual energy and macronutrient intakes.

Prior to the first and third condition, two researchers visited the
participant's home to insert a CGM (Medtronic iPro2™ Northridge,
USA) on the right side of the participant’s lower back. After the
CGM was inserted, an adhesive, waterproof strip was placed over
the top of the CCM to minimise movement of the sensor and to
allow participants to shower. Due to the CGM recorder having a
battery life of seven days, a new sensor was inserted prior to the
third trial condition to be worn during the final two conditions. To
calibrate the CGM, two capillary blood glucose samples were taken
from each participant by the researchers during the two home vis-
its, and three during the trial days. The capillary blood samples were
used to calibrate the CGM at the time of downloading the data. At
the home visits, participants also received four standardised din-
ners to consume the night prior to each of the trial conditions. The

Please cite this article in press as: Fletcher EA, et al. Effects of breaking up sitting on adolescents
meals varying in energy: a cross-over randomised trial. j Sei Med Spart (2017), http:/fdx.doi.org/10.1016(] jsams. 2017 .06.002
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Fig. 1. Study design and experimental protocol.

standardised dinner contained 2874 kj and included a 400 g frozen
lasagne, 30 gwholemeal bread and 50 g of mixed vegetables. Partic-
ipants were instructed to consume the entire meal at 1900, within
20min and not to consume any other food or beverages except
for water. Compliance to the dinner protocol was reported to the
resaarchers the following morning.

The contents of the high-energy and standard-energy diets are
described in the online supplement file (Table S1). During each of
the trial conditions, participants received two high-energy meals
or two standard-energy meals; the first meal was consumed at the
start of the trial (between 0730 and 0830) and the second meal
(exactly the same as the first meal) was provided 3 h afier inges-
tion of the first meal. The enerzy contents of the meals were based
on the estimated-energy requirements for an adolescent aged 17
years with a body mass index (BMI) of 25kg/m? (averaged for
fernales and males).'® In order to assess the effects of energy intake
(kilojoules; kj), both the high-energy and standard-energy diets
contained similarmacronutrient composition with the high-energy
diet containing 70% more kilojoules than the standard-energy diet.
The kilojoules and macronutrient contents of the diets were calcu-
lated using dietary analysis software (FoodWorks Version 7, Xyris
Software Pty Ltd, Australia) based on standard Australian food
composition tables.?” Participants were instructed to consume the
entire meal within 20min. Any food or beverage left over was
weighed and recorded and used to calculate the average percent-
age of kilojoules consumed during each experimental condition for
each participant.

Infarmation regarding the analyses on the sequences of the
cross-over design and interaction effects can be found in the online
supplement file. As this study was a pilot study, it was estimated
that 16 participants ( equates to 64 conditions completed ) would be
sufficient to determine the pragmatic considerations of examining
an adolescent population. Using the CGM data, the primary out-
come was positive incremental area under the curve (iAUC) and was
calculated using the trapezoidal method?' (GraphPad Prism v6)
across three time periods: (1) three-hours post first meal (includes
eating time), using the baseline fasting glucose just prior to the
consumption of the first meal as the reference point; (2) three-
hours post second meal (includes eating time), using the glucose
value just prior to consuming the second meal as baseline; and

(3) the entire trial time (including both the first and second meal
responses), using the baseline fasting glucose just prior to the con-
sumption of the first meal as the reference point. A secondary
outcome was to examine total AUC. Similar to iAUC, total AUC was
calculated using the trapezoidal method across the same three time
periods, however, zero was used as the reference point for all time
periods.

Linear mixed models were used to examine the effect of the sit-
ting and diet conditions on iAUC and total AUC with period effect
(i.e. the effect of the order at which the participant received the
condition), sitting/breaks and diet conditions as fixed effects. and
participant as a random effect. The interaction between the sit-
ting/breaks and diet conditions was not examined as the pilot study
was not powered to detect this. To account for potential differ-
ences in the percentage of meals consumed and fasting baseline
glucose at each condition, these variables were adjusted for in the
analyses. Pseudo effect size measure (Cohen's D) were calculated
using the EffectSizeMixed SAS macro.?? Post-hoc power calcula-
tions were performed, with results in the online supplement file.
Analyses were conducted in SAS version 9.3 (SAS Institute, Cary,
MC) and p< 0.05 was considered significant.

3. Results

Out of the 16 participants who were randomised, 15 participants
completed the four experimental conditions. Two participants
were excluded from the analysis due to non-compliance to the
study protocol, leaving 13 participants with complete data for the
analyses, The baseline characteristics of the 13 participants are out-
lined in the online supplement file (Table 52). Overall, the mean
age of participants was 16.4 + 1.3 years (39% male) and BMI was
20.6 4+ 2.5 kg/m?. On average, participants spent 428 + 144 min/day
in self-reported sedentary behaviour and 43 £ 44 min/day in self-
reported MVPA. T

Fig. 2 summarises mean glucose responses across the four
conditions and Table | summarises the AUCs responses across
the four conditions and differences in the sitting/breaks and diet
effects. Compared to the sitting conditions, the breaks condi-
tions elicited a 36.0 mmoel/L/h (95%C] 6.6-65.5) and 35.9 mmolfL/h
(95%C1 8.6-63.1) significantly lower IAUC response after the first

Please cite this article in press as: Fletcher EA, et al. Effects of breaking up sitting on adolescents’ postprandial glucose after consuming
meals varying in energy: a cross-over randomised trial. | Sci Med Spart (2017 ), http://dx.doi.org/ 10.1016/j.jsams. 2017.06.002
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Fig. 2. Mean (SE) postprandial glucose responses across the four conditions.

Table 1
Mean & 5E area under the curve (AUC) for all four conditions and differences (95%C1) in the effects of the sitting conditions and diet conditions.

Mean (SE) AUCs for each condition? Sitting versus breaks" High-energy versus

standard-enerzy®

(1) High-energy (2) High-energy (3) (4] Difference Effiect Difference Effect
diet +sitting diet + breaks Standard-energy Standard-energy [95%CT) size {95%CT) size
diet +sitting diet + breaks
ALIC fmmol/Ljh}
First meal 1666 (21.8) 1155(19.1) 93.0(14.1) FEREY ) 36.0 (6.6, B5.5) o7 55.0(258, 8427 1.1
Second meal  105.1(13.6) B43(18.1) 116.4 (22.4) T09 (101} 35.9 (8.6, 63.1) [E:3 25(-253,302) 0.1
Entire period 2626 (41.4) 207 6(48.2) 1753 (30.1) 13270244) 45.8(-19.7,1134) 04 757 (8.6, 14277 o7
Total AUC {mmol/L{h)
First meal 1145.4(27 4) 11145(27.3) 1021.7 (27.9) 1029.0(27.5) 128(-240,504) 02 1038 (666, 141.1)° 16
Second meal  1093.5(23.0) 10849(227) 1026.1 (23.5) 10046 (23.0) 309(-364.931) 02 T82(363, 1121} 1.1
Entire perind ~ 2205.0(46.4) 21649 (46.1) 2037 8(473) 2017.1(465) 148 (-22.4,519) 03 157.1(%9.1,225.1)° 1.3

2 Mean and standard error (5E) for each condition estimated under a linear mixed model including participant as a random effect and period, diet, breaks, interaction
diet/breaks as fixed effects.

b Sitting/breaks and high-energy/standard energy diet mean differences (95% C1) estimated under the same model, excluding the interaction term which was not significant
in the former model.

" pe<0s.

" p<0.001.

and second meal, respectively. However, this was no longer sig-
nificant when examining iAUC across the entire trial period, nor
for total AUC for any of the three time periods. For both the iAUC
and total AUC, the breaks conditions had a moderatefhigh (0.4-0.7)
and small effect (0.2-0.3), respectively, on lowering postpran-
dial glucose. Relative to the standard-energy diet, the high-energy

diet elicited a 55.0 mmol/U'h (95%C1 25.8-84.2) and 75.7 mmol/L/h
(95%CI 8.6-142.7) higher iAUC response after the first meal and
entire trial, respectively. No significant diet effects on iAUC were
observed for the second meal. Similar responses to the high-energy
meal were observed for total AUC, with large effect sizes observed
(1.1-1.6).

Please cite this article in press as: Fletcher EA, et al. Effects of breaking up sitting on adolescents’
meals varying in energy: a cross-over randomised trial. J Sci Med Sport (2017), http://dx.doi.org/10.1016/j.jsams.2017.06.002
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4. Discussion

This is the first study to explore the impact of uninterrupted
sitting and breaking up sitting with resistance-type activity breaks
on adolescents” postprandial glucose while consuming a diet vary-
ing in energy. The findings showed that when examining the first
and second meal responses separately, the activity breaks signifi-
cantly attenuated the postprandial iAUC responses after both the
first and second meal for both diet conditions, but did not signifi-
cantly attenuate iAUC for the entire trial period, nor for when total
AUC was examined. In addition, relative to the standard-energy
diet, the study found that the high-energy diet elicit a higher post-
prandial glucose response for both iAUC and total AUC for both the
sitting and breaks conditions.

Previous studies in children® and adults*” have shown inter-
rupting sitting time has beneficial metabolic effects on glycemic
control. However, this is the first study to examine, whether reg-
ularly interrupting sitting time with activity breaks has beneficial
effects on postprandial iAUC after consuming both high-energy and
standard-energy diets. Interestingly, activity breaks significantly
lowered iAUC but not total AUC. Although iAUC is most commonly
used to assess acute glucose responses to meals relative to baseline
(or fasting) glucose values, it excludes data that drop below base-
line. We therefore calculated both iAUC and total AUC to provide a
more comprehensive picture of the glycaemic responses. The varied
effects sizes for these two glucose metrics is likely attributable to
the different techniques involved in their calculation, but highlights
the potential importance of considering which glucose parameters
are examined - particularly across consecutive meals - and their
physiological relevance.

In addition, while the measures used in this study do not
permit conclusions about the potential mechanisms responsible
for the reductions in postprandial glucose for iAUC, increases in
contraction-mediated glucose uptake as a result of the activity
breaks may play an important role.®® As the activity breaks in
the current study involved simple resistance exercises that can be
performed with minimal equipment, these activity breaks could
be easily incorporated into pedagogical approaches or even facil-
itated via environmental changes (e.g. height adjustable desks) in
schools®® and/or in the adolescents’ home.

The study also observed, compared to the standard-energy diet,
consuming a high-energy diet resulted in a higher postprandial
glucose response (for both iAUC and total AUC) across the entire
observational period, for both the uninterrupted sitting and breaks
conditions. This is not surprising, given carbohydrates play a vital
role in glucose metabolism?? and the high-energy diet in the study
contained 70% more kilojoules (and thus a greater amount of total
carbohydrates) than the standard-energy meal. However, when
examining the first and second meal responses separately, the
study observed a significant higher postprandial glucose response
for iAUC after the first meal. but not the second meal. This suggests
that the first meal of the day (e.g. breakfast) may be the biggest
contributor in terms of daily glycaemic responses and that glu-
cose tolerance may improve for the subsequent meals later in the
day (e.g. lunch and dinner).?®% Thus, future interventions could
encourage adolescents to engage in physical activity soon after con-
suming breakfast (e.g. by walking to school) in order to have the
most beneficial effects on postprandial glucose.

A strength of this study was the examination of four conditions
performed over four separate days which allowed us to explore
both effects of breaking up sitting and varying the energy content of
the meals on postprandial glucose responses. Another key strength
was examining an adolescent population, which, to date has been
an understudied population group within the sedentary behaviour
field. In addition, the use of the CCM among adolescent participants
was able to capture a more complete portrayal of the postprandial

glucose response (e.g. every 5min), as opposad to collecting blood
samples at hourly intervals. Lastly, the meals provided to the par-
ticipants were based on whole foods, not supplements, commonly
consumed by this population group.

Limitations include not measuring other glycaemic markers
such as insulin, thus, limiting the ability to interpret the entire
glycaemic response. Future studies using a continuous measure
of glucose should also consider measuring key hormones includ-
ing plasma insulin and C-peptide in order to examine potential
mechanisms related to glucose-insulin kinetics. In addition, the
study included both males and females in pre- and post-pubertal
stages. Given the well-known effects that puberty has on glucose
metabolism,*® this may have increased the variability in postpran-
dial glucose responses within and between participants. Further,
the study only examined the acute glucose responses, therefore
the current results cannot be extrapolated to long-term exposures.
Lastly, the study was limited by a small sample size and it is unclear
whether the findings would be exaggerated in youth who are over-
weight or obese. Thus, future studies are needed involving a larger
sample size and involving overweight or obese adaolescents to test
the protocol in an at-risk sample.

5. Conclusion

The findings from the study demonstrated that compared
to prolonged sitting, regularly interrupting sitting with simple
resistance activity breaks after the first and second meals atten-
uated postprandial iAUC responses for both the high-energy and
standard-energy diets. However, no significant breaks effects were
observed for total AUC. Longer-term intervention studies are
needed to confirm these findings, as well as studies examining
interactions between the sitting and diet conditions in relation to
cardiometabolic health risk factors.

Practical implications

* Interrupting sitting time with simple resistance activity breaks
lowers incremental postprandial glucose responses to both high-
energy and standard-energy diets. This suggests that breaking up
prolonged sitting, particularly after consuming main meals, may
be an effective intervention strategy for adolescents.

Compared to the standard-energy diet, the high-energy diet
elicited a higher positive incremental postprandial glucose
response after the first meal, but not the second meal. This sug-
gests the first meal of the day may be the biggest contributor in
raising postprandial glucose levels.

Larger and longer-term interventions are needed to confirm these
findings, as well as studies examining interactions between the
sitting and diet conditions in relation to cardiometabolic health
risk factors.
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7.3 Manuscript supplementary files

The supplementary file supporting the manuscript “Effects of breaking up sitting on

adolescents’ postprandial glucose after consuming meals varying in energy: a cross-

over randomised trial”” can be found on the following pages.

The supplementary files include:

>

>

Statistical analyses (extended)

Post-hoc power analyses and results

Table S1: Contents of the high-energy and standard-energy diets provided to
participants

Table S2: Baseline characteristics of participants

Figure S1: Participant recruitment flow diagram
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Statistical analyses (extended)

Conditions were originally allocated in balanced sequences. However, attrition due
to participant drop out and/or not following the diet pre-requisites for the day before
rendered only 13 participants with complete data. In this sample, treatments were not
equally represented at each period, therefore treatment and period effects (i.e. the
effect of the order at which the participant received the condition) could have been
confounded. Therefore, the period effect was ascertained under a design in which
treatment and period effects were not confounded using the following approach.
From the 13 participants with complete data, all subsets of 8 participants whose
treatment allocation still corresponded to two different Latin Square structures (each
treatment occurs only once within each sequence and once within each period) were
selected, tallying 36 subsets. For each participant, linear mixed models (LMM)
including period (4 levels), condition (4 levels) and the interaction period-condition
as fixed effects and participant as a random effect were performed. These models
were conducted for the primary outcome (iIAUC) and secondary outcome (AUC
total) across the three time periods (e.g. first meal, second meal and entire period). In
all models, the period effect and interaction effect were not significant (p > 0.20 for
all outcomes and periods considered). Thus, although the treatments were not
originally equally represented from the 13 participants included in the study, the non-
significant effect found from the period and interaction analyses suggests there were

no confounding treatment or period effects.
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Post-hoc power analyses and results

Post-hoc power calculations were performed using the data collected in this study on
total AUC. Using a four-period, four-sequence cross-over design, a sample size of 13
achieves 38% (76%) power at a 5% significance level when the absolute difference
between the two treatment means is at 50 (80) and the within-subject standard

deviation is 105 (estimated from our data).
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Table S1: Contents of the high-energy and standard-energy diets provided to

participants

High-energy diet’ Standard-energy diet!
Kilojoules, (%EER) 4,244 (39.0) 2,485 (23.0)
Macronutrient, g (%)
Carbohydrates 139.7 (55) 68.0 (53)
Fat 34.3 (30) 22.0 (31)
Protein 36.2 (15) 25.7 (16)
Contents 2509 pizza, 15¢ 1 x chicken, salad sandwich
cheese, (859 wholemeal bread, 35¢g
53g chocolate bar, shaved chicken, 45g tomato,
350mlI caffeine-free 20g spinach, 40g avocado),
soda 100g low-fat yoghurt, 50g

banana, 70g apple, 159
almonds, 350ml water

EER: Estimated energy requirement
tParticipants received two meals of either the high-energy diet or standard-energy
diet. The first meal was consumed at baseline (0-hour), and the second meal

(exactly the same as the first meal) three hours after finishing the first meal.
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Table S2: Baseline characteristics of participants

Total (n = 13)
Mean + SD

Age (years) 16.4+1.3
Sex

Males, n (%) 5 (39)

Females, n (%) 8 (62)
Pubertal stage

Pubertal, n (%) 6 (46)

Post-pubertal, n (%) 7 (54)
Cardiometabolic components

BMI, kg/m? 206+25

Waist circumference, cm 705+6.4

Systolic BP, mm Hg 107.5+£8.3

Diastolic BP, mm Hg 60.0+£8.1

Fasting glucose, mmol/L" 4.8+0.3
Habitual activity

Total sedentary time, min/day 428.1 + 143.6

MVPA, min/day 43.1+44.1
Dietary intake'"

Energy intake, kj 7012.5 +1090.1

Carbohydrate, % 56.3+5.0

Protein, % 16.4£5.5

Fat, % 27.3+3.3

Results are expressed as mean+SD unless otherwise indicated.
tBased on the average fasting glucose across all four conditions.
ttBased on the average dietary intake from 4 x 1-day food diaries.

MVPA: moderate-to-vigorous physical activity; kj: kilojoules
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Figure S1: Participant recruitment flow diagram
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7.4 Summary

The experimental study presented in Chapter Seven is the first study in the world (for
any age group) to examine the combined effects of dietary intake and sitting on
postprandial glucose using a continuous glucose monitoring system. Overall, the
study found compared to the uninterrupted sitting conditions, the activity breaks
conditions significantly attenuated postprandial glucose responses for both the high-
energy and standard-energy diets. These results provide the first international
insights that interrupting sitting regardless of the energy content of the meal, can

reduce the impact of prolonged sitting on postprandial glucose in adolescents.

In addition to the findings presented in the manuscript in Section 7.2, the candidate
also performed additional analyses on the thirteen participants who completed the
experimental trial and complied to the study protocol (results of the additional
analyses found in Appendix F.13 and Appendix F.14). Briefly, the candidate
explored the effects of the sitting and diet conditions had on the first glucose peak
response (e.g. the glucose response following the first meal, starting at baseline
fasting glucose and finishing when the glucose returned back to baseline). Results
show that compared to the uninterrupted sitting condition, the breaks conditions
elicited a 0.7 mmol/L (95%CI 0.3-1.0), or 29%, lower first peak glucose response
(Appendix F.13). These results concur with the findings in the manuscript, that
breaking up sitting with resistance-type activity breaks is important in lowering

postprandial glucose response, in particularly, the first glucose peak response.

In addition, the candidate also explored differences in the percentage of meals
consumed between males and female participants. The results showed significant

differences in sex (p=0.019), with male participants consuming a higher percentage
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of the high-energy diet (100, 98.4-100) [median, IQR range] compared to the
standard-energy diet (97.5, 76.2-100); whereas, the female participants consumed a
higher percentage of the standard-energy diet (87.7, 79.0-100) compared to the high-
energy diet (76.5, 63.4-88.5) (Appendix F.14). These findings have informed a larger
clinical trial involving similar conditions; that being, the diets provided to

participants are tailored by sex.
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CHAPTER EIGHT: DISCUSSION

8.1 Summary of main findings

As outlined in the Introduction, TV viewing, but not total volume or bouts of
sedentary time, is consistently associated with cardiometabolic health in adolescents.
Dietary intake could partially explain why TV viewing is consistently related to
cardiometabolic health outcomes, however, very few studies have examined this.
Therefore, this thesis aimed to examine the role of dietary intake in the relationship
between various sedentary behaviours (e.g. TV viewing, total volume and bouts of
sedentary time) and key cardiometabolic health indicators (e.g. BMI, metabolic

syndrome and postprandial glucose) in adolescents.

A multidisciplinary approach was undertaken to achieve this aim. Four studies were
conducted using two existing cross-sectional and longitudinal datasets and original
data collected from a cross-over experimental trial. Overall, despite some significant
mediation effects observed for Study 12, the combined findings from the four studies
suggest that dietary intake does not play a major role in the relationship between
sedentary behaviour and cardiometabolic health in adolescents. Study 1 found that
sugar-sweetened beverage consumption and fruit and vegetable intake only partially

mediated the relationship between TV viewing and metabolic syndrome, with no

a Study 1 — Chapter Four: Mediating effects of diet on associations of TV viewing, body mass index
and metabolic syndrome in adolescents

b Study 2 — Chapter Five: Mediating effects of diet on associations of volume and bouts of sedentary
time and cardiometabolic health in adolescents

¢ Study 3 — Chapter Six: Cross-sectional and prospective mediation effects of diet on associations
between sedentary behaviour and body mass index in adolescents

d Study 4 — Chapter Seven: Effects of breaking up sitting on adolescents’ postprandial glucose after
consuming meals varying in energy: an experimental trial
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significant mediation effects observed for the relationship between TV viewing and
BMI. In addition, neither Study 2° and Study 3¢ found that any of the dietary
variables examined mediated the relationships between objectively-measured total
sedentary time or bouts of sedentary time and BMI or metabolic syndrome, cross-
sectionally (Studies 2 and 3) or prospectively (Study 3). Lastly, the findings from the
experimental trial (Study 4%) found compared to the prolonged sitting conditions,
when sitting was interrupted with resistance-type activity breaks, the postprandial
glucose response was significantly lower for both diet conditions (i.e. high-energy

and standard-energy diets).

In the following sections, the key findings of the studies reported in Chapters Four to
Seven will be discussed in relation to the current literature, as well as the overall
strengths and limitations of this thesis. Thereafter, the public health implications and

opportunities, and directions for future research will be discussed.

8.2 General discussion

8.2.1 The role of diet in the relationship between sedentary behaviour and

cardiometabolic risk factors

TV viewing and cardiometabolic risk factors

In contrast to the thesis hypothesis that the consistent associations observed between
TV viewing and BMI were due to an increase in dietary intake or the displacement of
healthy dietary behaviours, this thesis found five elements of dietary intake did not
mediate the relationship between TV viewing and BMI, either cross-sectionally or

prospectively. This is consistent with a previous study in adolescents that reported
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TV snacking and junk food consumption were not significant mediators of the TV

viewing and BMI relationship.t

However, when examining the role of dietary intake in the TV viewing and BMI
relationship in other age groups, such as pre-school aged children® 3 and young
adults,* dietary intake appears to play a significant role. Fuller-Tyszkiewicz and
colleagues examined the mediating role of dietary intake in the TV viewing and BMI
relationship in 9,064 Australian pre-school aged (4-5 years) children. Significant and
positive cross-sectional and prospective associations between children’s TV viewing
and BMI were found, with discretionary food intake (e.g. hot chips, potato chips and
biscuits) and sugar-sweetened beverage consumption (e.g. juice and soft drink)
partially mediating the prospective association.? Similar results have also been
observed in cross-sectional studies involving middle-aged adults, where food and
beverages consumed whilst watching TV and snack food consumption partially

mediated the positive relationship found between TV viewing and obesity.* >

Despite the findings in Chapter Four and Six that five elements of dietary intake did
not have a significant mediating effect in the TV viewing and BMI relationship,
findings from Study 1, but not Study 3, demonstrated that the consumption of sugar-
sweetened beverages and fruit and vegetable intake did play a small, but significant,
role in the TV viewing and metabolic syndrome relationship. To summarise, Study 1
found the significant and positive relationship between TV viewing and metabolic
syndrome in U.S. adolescents was partially explained by the consumption of sugar-
sweetened beverages (4.1%) and fruit and vegetable intake (8.7%). Although no
other study to date (in any age group) has specifically examined the mediating role of

diet in the TV viewing and metabolic syndrome relationship, cross-sectional studies
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in adults have found the relationship between TV viewing time and metabolic
syndrome to be independent of dietary intake.® " For example, findings from the
Australian Diabetes, Obesity and Lifestyle study (AusDiab) involving 5,682 adults
(aged > 35 years), showed that high TV viewing time significantly increased the risk
of metabolic syndrome, even after adjusting for high snack food consumption.’
Although the mediating role of dietary intake cannot be determined in this study, the
findings suggest that the relationship between TV viewing and metabolic syndrome

remain significant even when taking into account high snack food consumption.

There could be a number of reasons for the mixed findings observed between the
studies included in the current thesis and previous studies that have examined dietary
intake in the TV viewing, BMI and metabolic syndrome relationships. Firstly, the
mixed findings could be due to the different population and age groups examined.
For example, previous studies have found mediating dietary effects in young children
and young adults, but not in adolescents. This could be due to measurement error,
where studies have found adolescents are often less interested, less motivated and
less cooperative when reporting their dietary intake compared to younger children
and older adults, thus increasing reporting error.? In addition, other studies have
found adolescents under-report time spent in sedentary behaviors more so than
adults, with weak correlations observed between reporting sedentary behaviour
versus accelerometry-measured sedentary behaviour in adolescents (Spearman r =

0.14; 95% CI 0.05, 0.23).°

Secondly, issues relating to the survey measures cannot be discounted, since both the
studies in Chapters Four and Six did not measure TV viewing concurrently with

dietary intake (e.g. TV viewing data and dietary data were reported for different
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days). This makes it difficult to assess how much of daily TV viewing time was also
spent engaging in eating occasions. Thus, other indirect behavioural mechanisms?®
such as adolescents who watch large amounts of TV and also have a poor dietary
intake (but are not necessarily consuming this whilst watching TV) could explain
some of the associations observed between TV viewing and adverse cardiometabolic

health.

Lastly, there are numerous dietary variables that could be examined as potential
mediators between the TV viewing and cardiometabolic health relationship.
Although the current thesis examined a variety of dietary variables (e.g. total energy
intake, fruit and vegetable intake, frequency of consumption and intakes of sugar-
sweetened beverages and discretionary foods, and dietary quality score), there are
other key dietary variables, or combinations of dietary variables, that may also be
important. For example, snacking whilst watching TV, frequency of consuming junk
food and an unhealthy dietary score have also been associated with TV viewing!!
and/or adverse cardiometabolic health outcomes*? and, thus, could potentially

mediate TV viewing and cardiometabolic health relationships.

Total volume and bouts of sedentary time and cardiometabolic risk factors

Chapters Five and Six presented evidence of the role of diet in the relationships
between objectively-measured total volume of sedentary time and bouts of sedentary
time with BMI and metabolic syndrome. Overall, both studies found that none of the
dietary variables played a significant mediating role in the relationships between total
volume or bouts of sedentary time with either BMI or metabolic syndrome, when
considered cross-sectionally or prospectively. As mentioned previously, these null

findings could be a reflection of the sedentary time data not being collected for the
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same timeframe as the dietary intake data. For example, the 2 x 24 hour dietary
recalls (Study 2) and the food frequency questionnaire (Study 3) were performed on
different days to when the accelerometers were worn to capture sedentary time. This
makes is difficult to assess how much of the daily sedentary time was also spent

engaging in eating occasions.

Currently, there is very limited evidence on the role of dietary intake in the
associations between objectively-measured sedentary time and cardiometabolic risk
markers in adolescents. Although there are many studies in adolescents that have
measured the associations between total volume or bouts of sedentary time and
various cardiometabolic health indicators,*31® the majority of these studies have not
considered the role of dietary intake. Of the limited studies available in youth that
have measured all three types of data (e.g. accelerometry-measured sedentary time,
dietary intake and health indictors), all have adjusted for dietary intake in the
regression analyses!’-?° and not necessarily provided both the unadjusted and

adjusted results when controlling for dietary intake.!" 1% 20

For example, Carson and colleagues examined the associations between sedentary
time with various cardiometabolic risk factors (e.g. waist circumference, systolic
blood pressure, low HDL-cholesterol and C-reactive protein) in 2,527 U.S. youth
aged 6-19 years.!” They found no significant associations between total volume or
bouts of sedentary time and any of the cardiometabolic risk factors after adjusting for
dietary percentages of fat and saturated fat, cholesterol and sodium consumed as well
as other key covariates. However, by only presenting the adjusted results, it makes it

difficult to determine the mediating role, or even the independent contributions, that
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dietary intake may have had on the sedentary behaviour and cardiometabolic health

relationship.

In contrast, Gabel and colleges examined both the unadjusted and adjusted results in
the relationships between the frequency of sedentary bouts and various
cardiometabolic markers in 164 Australian children aged 7-10 years.'® Although the
frequency of sedentary bouts (lasting between 5-10 minutes) was positively
associated with C-reactive protein (a marker of inflammation), after adjusting for
energy density (defined as the frequency of consuming energy-dense foods and
drinks), the relationship was no longer significant. This suggests that dietary intake

may have mediated or been a key driver in the significant association observed.

Given the lack of evidence examining objectively-measured sedentary time, dietary
intake and cardiometabolic risk markers together in youth, further studies are needed
to confirm the role of dietary intake in the objectively-measured sedentary time and
cardiometabolic health relationship. Specific recommendations for future studies
examining objectively-measured sedentary time are provided later in the discussion,
as the last section of the role of dietary intake in the relationship between

prolonged/interrupted sitting and cardiometabolic health will now be outlined.

Experimental evidence of the acute effects of breaking up prolonged sitting on
cardiometabolic markers

A key limitation of the studies in Chapters Four, Five and Six was that TV viewing
and objectively-measured sedentary time were not assessed concurrently with dietary
intake. However, the findings from the experimental cross-over study from Chapter
Seven provided concurrent data on sedentary time and dietary intake, as well as

postprandial glucose data. This not only helps to fill the gaps in the observational
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findings, but provides key insights in understanding the role of dietary intake in real-
time. Overall, the findings from Chapter Seven were similar to the observational
findings in Chapters Four to Six, where dietary intake did not appear to play a major
role in the relationships between prolonged or interrupted sitting time and

postprandial glucose.

Although many studies have shown that interrupting sitting time is beneficial for
postprandial glucose and insulin,?2° the experimental trial presented in Chapter
Seven is the first study to show interrupting sitting time has a beneficial impact on
positive postprandial glucose, regardless of whether the participants are consuming
an ‘unhealthy’ diet (e.g. high-energy) or ‘healthy’ diet (e.g. standard-energy).
However, it is important to note, the activity breaks were only beneficial in lowering
positive postprandial glucose, and not when total postprandial glucose area under the
curve was examined. As previously mentioned in Chapter Seven, these mixed
findings between the two glucose metrics are most likely attributable to the different
techniques involved in their calculation. Thus, it is important for future studies
examining consecutive meals across the day to carefully consider which glucose

parameters are examined.

The experimental trial in Chapter Seven also found that, relative to the standard-
energy diet, there was a 36% higher positive glucose area under the curve response
after consuming the first high-energy meal, but not the second. This suggests that
although interrupting sitting is important for lowering postprandial glucose, dietary
intake is the major determinant of glucose and energy metabolism across the day. In
addition, since only the first high-energy meal significantly increased the glucose

area under the curve compared to the second high-energy meal, this suggests the first

146



Appendices

meal of the day (i.e. breakfast) may be a more important time to break up sitting

compared to after consuming other main meals (e.g. lunch and dinner).

Although no other study to date has specifically explored how changing the energy
content of the diet influences cardiometabolic markers when sitting is prolonged or
when sitting is interrupted with resistance-type activity breaks, similar study designs
in adults have explored other dietary factors. Recently, in a randomised cross-over
trial, the effects of the glycaemic index of a diet (high versus low) on postprandial
glucose and insulin responses when 4-hours of sitting was interrupted with moderate-
intensity activity were explored in 14 male adults (mean + SD age 22.1 + 1.2
years).?6 Compared to the sitting condition, breaking up prolonged sitting following
either a high or low glycaemic index breakfast significantly attenuated the
postprandial glucose responses by 36% and 30%, respectively. This suggests that
breaking up sitting is beneficial regardless of the glycaemic index of the diet

consumed.

In addition, another study by Bailey and colleagues® also explored the differences in
ab libitum energy intake, and appetite and gut hormone concentrations when 5 hours
of sitting was broken up with light-intensity or moderate-intensity walking in 13
healthy female adults. The authors found no significant differences in ad libitum
energy intake between conditions when sitting was broken up with light or moderate-
intensity walking and that breaking up sitting time did not affect either appetite or
gut hormone concentrations. These initial findings suggest that in an acute setting,
breaking up sitting time may not influence appetite or gut hormone, thus may not

promote an increase in energy intake.
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Interestingly to note, it appears the intensity, or type of activity breaks performed
during the interrupted sitting conditions had similar beneficial effects in lowering
postprandial glucose responses. For example, even though the experimental trial in
Chapter Seven involved 2-minute resistance-type activity breaks performed every 18
minutes (e.g. calf raises, body squats, knee raises) and the study conducted by Bailey
et al?® involved 2-minute moderate-intensity activity breaks performed every 20
minutes (e.g more aerobic-based), both studies found the activity breaks had
beneficial effects on lowering postprandial glucose, irrespective of the dietary
condition. Similar findings have also been observed in other experimental trials in
overweight adults?* and adults with type 2 diabetes.?? Although these studies did not
manipulate the dietary condition (e.g. all participants consumed the same
standardised diet for all conditions), the studies found light-intensity?!, moderate-
intensity,?! and resistance-type activity breaks?? had beneficial effects in lowering
postprandial glucose. Collectively, the findings suggest that interrupting sedentary
time with any form of activity can significantly attenuate acute postprandial glucose

responses.

In addition, substitution analyses in adults have also shown that replacing sedentary
time with light and moderate physical activity reduces mortality risk.2” 2 For
example, Fishman et al® found replacing 30 minutes of sedentary time with light-
intensity activity or moderate-intensity activity could result in a 20-51% reduction in
mortality risk in American adults aged 50 to 79 years. Further studies are needed
using substation analyses techniques in studies involving adolescents to investigate

whether these beneficial health outcomes are evident in a younger population.
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Summary

In summary, despite having observed some significant cross-sectional mediation
effects between TV viewing and metabolic syndrome, the combined findings from
the observational studies and experimental trial suggest that the dietary variables
measured in this thesis do not appear to play a major role in the sedentary behaviour
and cardiometabolic risk factor relationships examined. However, when comparing
these findings to previous studies, it appears the literature is mixed on whether
dietary intake does play a key role. Further research using mediation analyses to
determine the contribution dietary intake has in the sedentary behaviour and
cardiometabolic health relationship is urgently needed. Additionally, given that very
few studies in youth have concurrently measured both sedentary behaviour and
dietary intake using objective (e.g. accelerometry) or gold-standard measures (e.g.
24-hour recalls), further studies are also needed in this area (see Section 8.5 for

further discussion).

8.2.2 Associations between various sedentary behaviours and cardiometabolic
health outcomes
In addition to examining the role of dietary intake in the sedentary behaviour and
cardiometabolic health relationship, the current thesis also explored the independent
associations between various ‘types’, or measures, of sedentary behaviours (e.g. TV
viewing, and total volume and bouts of sedentary time) and cardiometabolic risk
markers in adolescents. Overall, the findings from the thesis were mixed, indicating
that the associations were dependent on the sedentary behaviour measure used. For
example, this thesis observed significant, positive relationships when examining TV
viewing time with BMI and metabolic syndrome in adolescents, however, when

examining total and bouts of sedentary time, no significant associations were found
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with either BMI or metabolic syndrome, after adjusting for moderate-to-vigorous
physical activity. The mixed findings from this thesis concur with the literature

presented in Chapter One, where more consistent relationships are often observed
when examining TV viewing time with health indicators, compared to examining

overall sedentary time in a young population group.?® %

To date, only one other study has specifically explored the differences in associations
between TV viewing and overall sedentary time with cardiometabolic health in
youth.3! Findings from The 2008 Health Survey for England involving 4,469
children (aged 5-15 years) found TV viewing time, but not objectively-measured
total sedentary time, was consistently associated with higher levels of obesity; every
hour spent watching TV increased the risk of obesity by 42%.3! It was hypothesised
that the differences in findings between TV viewing and total sedentary time could
be attributed to an increase in high-calorie snack food consumption when watching
TV. However, the findings from this thesis suggest dietary intake may not play a
significant mediating role in the relationship between TV viewing and BMI. Thus,
further studies are warranted in order to better understand the role of dietary intake in

the sedentary behaviour and cardiometabolic relationship.

8.3 Strengths and limitations

The current thesis has a number of key strengths and limitations that need to be
considered. Firstly, the primary strength of this thesis is that it included analyses
using large observational datasets from two countries and a novel four-treatment,
cross-over trial. This allowed the candidate to examine the associations at a
population level, both cross-sectionally and prospectively, as well as the combined

effects of dietary intake and sitting on postprandial glucose in a controlled acute
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setting. Secondly, the experimental trial in Chapter Seven is the first in the world (for
any age group) to examine four different experimental conditions for sitting and
dietary intake and to show interrupting sitting can reduce postprandial glucose
responses in adolescents after consuming a high-energy or standard-energy diet. It is
also one of the first studies to examine the effects of ‘real food’ (as opposed to a
standardised drink) on postprandial glucose collected every 5 minutes using a

continuous glucose monitoring system.

Other strengths of this thesis include examining a combination of self-reported and
objective measures of sedentary behaviour. This allowed the candidate to explore
whether the differences in associations between various sedentary behaviours and
cardiometabolic risk markers could partially be explained by dietary intake. It also
allowed the candidate to explore the unique contributions that the various sedentary
behaviours had with both dietary intake and cardiometabolic risk markers. The
unique contributions are of particular importance, given that the literature on
objectively-measured total sedentary time and bouts of sedentary time is an
understudied area in the pediatric population. A range of dietary variables were also
assessed using different dietary measures such as the ‘gold-standard’ 2 x 24 hour
dietary recalls and a food frequency questionnaire. This allowed the quantity and
quality of dietary intake to be examined and also the frequency of food and beverage
consumption over a specific time period. Lastly, all of the observational studies
included in this thesis controlled for a variety of well-known confounders, including
age, sex, moderate-to-vigorous physical activity, socio-economic status, ethnicity,
and pubertal status. Controlling for confounding variables improves the robustness of

the results reported in this thesis.
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This thesis also has a number of limitations. A key limitation is that the data
presented in Chapter Four, Five and Six were collected more than a decade ago, thus
the sedentary behaviour and dietary intakes observed may not be reflective of the
behaviours evident today. For example, advancing technology over the past decade
has introduced watching TV on many portable devices (e.g. tablets, phones and
laptops)*?; thus, ‘TV viewing’ a decade ago would be not be the same as ‘TV
viewing’ today. In addition, the consumption of some new sugar-sweetened
beverages (e.g. energy drinks and sport drinks) has increased over the last decade,®
and these now-popular sugar-sweetened beverages are underrepresented in the
studies included the current thesis. Another key limitation is the measurement error
associated with self-reporting dietary intake. This is a common and often
unavoidable limitation for observational studies when assessing dietary intake,
especially total energy intake.>* Thus, under-reporting or misreporting of dietary
intake for the studies presented in Chapter Four to Six may have occurred, and

potentially biased the results.

Another potential limitation is the aggregation of cardiometabolic risk markers into
‘metabolic syndrome’ in Chapters Four and Five. This can be problematic for an
adolescent population as certain cardiometabolic risk markers, such as insulin, lipids
and blood pressure, naturally change during adolescence due to pubertal
development.® Thus, an adolescence going through puberty can be misclassified as
having the metabolic syndrome. To minimise this, Chapters Four and Five used a
metabolic syndrome diagnostic criteria specific for adolescents (Appendix A)%* and
controlled for pubertal status in the analyses. Another limitation of using the
metabolic syndrome in adolescents is examining associations with small variability.

In Chapters Four and Five, adolescents that were classified as having metabolic
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syndrome ranged from 6.7-9.1%. Due to the small variability in data, this can

preclude significant associations to be observed.

Other limitations of this thesis include only examining data from U.S. or Australian
adolescents aged 12-19 years, thus the findings may not be generalisable to other
population or age groups. Further, although the studies presented in Chapters Four
and Five involved a large representative sample, the studies had cross-sectional
designs which limited the ability to determine a causal relationship. Lastly, the
experimental study in Chapter Seven was limited by a small sample size and did not

measure other glycaemic markers such as insulin.

8.4 Public health implications

Individually and collectively, the results from this thesis not only make an important
contribution to the sedentary behaviour literature in youth, but provide important
public health messages. Although it was hypothesised that the consistent associations
observed between TV viewing and BMI may be partially explained by dietary intake,
the findings from this thesis showed that the dietary variables examined did not play
a major mediating role. This suggests that TV viewing and dietary intake may be two
independent contributors to the increased prevalence of obesity and metabolic
syndrome in adolescents. Future public health strategies, which independently target
reductions in TV viewing and improvements in dietary intake, may have a greater

impact on adolescent health than strategies which target these behaviours combined.

In addition, the findings presented in Chapter Seven showed promising results that
interrupting sitting time with resistance-type activities after consuming either the
high-energy or standard-energy diet reduces postprandial glucose in healthy-weight
adolescents. Although further trials with larger samples are needed to replicate these
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findings, the benefits relating to the resistance-type activity breaks following both
diets suggest the timing of interrupting sitting may be an important factor to
consider. Currently, the sedentary behaviour guidelines for adolescents recommend
breaking up long periods of sitting as often as possible (as well as recommending
limiting screen time to < 2 hour/day). However, there are no specific guidelines on
‘safe’ levels of sitting time. Although further evidence is needed, future sedentary
behaviour guidelines could potentially include specific details about the timing of
interrupting sitting (e.g. following main meals) and the frequency of breaks (e.g.
every 18-minutes, 30-minutes, etc.) in order to maximise the health benefits of

interrupting sitting time on postprandial glucose.

8.5 Directions for future research

The findings from this thesis have highlighted a number of potential areas for future
research. These have been briefly discussed in the included manuscripts, however,
more detailed recommendations are outlined below specifically for observational

studies, experimental studies and interventions.

8.5.1 Observational studies

As previously discussed, the mixed findings reported in this thesis and in previous
literature on whether dietary intake plays a mediating role in the sedentary behaviour
and cardiometabolic health relationship could be reflective of issues relating to
measurement error — where the sedentary behaviour measure is not matched with the
dietary measure. Assessing these behaviours separately makes it difficult to assess
how much of the sedentary behaviour spent throughout the day is also spent
engaging in eating occasions. Future studies may benefit from using ‘time-use

surveys’ where participants are asked to record and account all of their time (in short
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episodes) over the course of one or more days, and thus may provide useful
information on a range of activities and whether food/beverages were also

consumed.®’

Emerging technologies that concurrently assess time spent in sedentary behaviour
and dietary intake could also provide new insights into the mediating effects of
dietary intake. For example, wearable cameras® 3 and smartphone apps*®“® have
become popular tools for measuring sedentary behaviour and dietary intake in real
time and are able to capture these behaviours simultaneously. Further, Real-Time
Locating Systems (RTLS: a relatively new device that automatically tracks the
location of people in real time, including indoors) may provide important
information about the location of participants in their natural environments (e.g. at
home in the lounge room, in the backyard playing, or at school in the classroom,
etc.).** The RTLS may also provide important information about the location of

activities performed if used in conjunction with physical activity devices.

In addition, since modern technology has introduced watching TV on many portable
devices, further studies are needed which assess the various ways adolescents watch
TV (e.g. at home watching TV versus watching TV using a smartphone or tablet at
home or whilst on the move) and assessing other popular screen-based activities (e.g.
sedentary video games). Further to this, capturing the amount of time spent using
multiple devices at once (e.g. playing games on a phone while watching TV) will
help to understand whether using multiple devices at once has similar associations
with cardiometabolic health risks and dietary intake when compared to examining
singular sedentary behaviours. Additionally, there are many other types of sedentary

behaviours (e.g. using a computer, playing sedentary video games) that could be
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explored with both dietary intake and cardiometabolic health that the current thesis
could not examine. Lastly, examining the characteristics of individuals (e.g. sex,
socioeconomic status, BMI) who are more likely to overeat or exhibit unhealthy
dietary patterns in response to sedentary behaviour activities may help provide

important information in tailoring interventions specific to individuals.

8.5.2 Experimental studies

The findings outlined in Chapter Seven suggest interrupting sitting time is beneficial
for postprandial glucose even after consuming a high-energy or standard-energy diet
in healthy adolescents aged 14-17 years. However, due to the small sample size, the
study was not powered to detect interaction effects between sitting and diet, but the
study provided important pilot data (see Section 7.3) for performing post-hoc
analyses to determine the sample sizes that would be needed for future trials to be
able to detect interaction effects between conditions. Additionally, it is also unclear
whether similar findings would be observed in younger children, or whether the
effects are exaggerated in youth who are overweight or obese. Further, due to the
experimental trial being a pilot, only interstitial postprandial glucose was assessed
via a continuous glucose monitoring system. Future studies using a continuous
measure of glucose should also consider measuring key hormones such as plasma
insulin and C-peptide in order to examine potential mechanisms related to glucose-
insulin kinetics. Lastly, the experimental trial specifically focused on total energy
intake whilst keeping the percentage of macronutrients similar for both diet
conditions. However, there are many other key aspects of dietary intake that could
also be examined in future trials, including the glycaemic index of the diet, changing
the proportion of macronutrient intake (e.g. low carbohydrate versus high

carbohydrate) and examining the size of the meal (whole meals versus snacks) that
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could provide new insights in the sedentary behaviour and cardiometabolic health

relationship.

8.5.3 Interventions

Following on from experimental trials, a potential avenue for future interventions at
schools could be to encourage students to break up their sedentary time after
consuming their main meals (e.g. by encouraging active play during their lunch time
break and standing up frequently in class after lunch). In addition, the findings from
the experimental trial in Chapter Seven found the first meal of the day (i.e. breakfast)
was the biggest contributor in terms of daily glycaemic responses compared to the
other meals consumed (i.e. lunch). Thus, encouraging students to break up their
sedentary time soon after consuming breakfast (e.g. by walking to school as opposed
to being driven in a car, or during school class time) may have additional beneficial

effects on postprandial glucose.

8.6 Conclusion

In conclusion, the findings of this thesis suggest dietary intake does not play a key
role in the sedentary behaviour and cardiometabolic health relationship. This is
evident from the observational studies, where only one out of the three studies found
diet to play a small significant mediating role in the TV viewing and metabolic
syndrome relationship, but was not found to have any mediating effects in the
relationship between TV viewing and BMI, and total/bouts of sedentary time with
BMI and metabolic syndrome. In addition, findings from the experimental study also
confirmed the observational studies as interrupting sitting time significantly reduced
postprandial glucose irrespective of the energy content of the diet. These findings

provide novel evidence that the significant associations observed between TV
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viewing and adverse cardiometabolic health may not be influenced by dietary intake,
and that sedentary behaviour may be an independent risk factor for cardiometabolic

risk factors in adolescents.
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Appendix A.1 Measurement of metabolic syndrome according to the

International Diabetes Federation criterial

Table 1: Age-specific metabolic syndromet cut-points and corresponding IDF percentiles for males
and females aged 12-19 years!

Age WC (cm) BP (mm Hg) HDL-C TG Glucose
e (mmol/l) (mmol/l)
(vears) (83%) SBP (92nd) DBP (97th) (26th) (89th) (mmol/l)
Males
12 85.1 121 76 1.13 1.44 5.6
13 87.0 123 78 1.10 1.48 5.6
14 88.9 125 79 1.07 1.52 5.6
15 90.5 126 81 1.04 1.56 5.6
16 91.8 128 82 1.03 1.59 5.6
17 92.7 128 83 1.03 1.62 5.6
18 93.4 129 84 1.03 1.65 5.6
19 93.8 130 85 1.03 1.68 5.6
Females
12 72.5 121 80 1.25 1.60 5.6
13 74.2 123 82 1.25 1.53 5.6
14 75.7 125 83 1.26 1.46 5.6
15 76.8 126 84 1.26 1.44 5.6
16 7.7 128 84 1.27 1.46 5.6
17 78.5 128 85 1.27 1.53 5.6
18 79.2 129 85 1.28 1.61 5.6
19 79.8 130 85 1.29 1.68 5.6

tMetabolic syndrome defined as having elevated waist circumference (WC) and 2 of the
remaining 4 criteria. Note that elevated WC can be assumed if body mass index values above
thresholds presented in Table 2. WC= Waist circumference, BP= Blood pressure, TG=
triglycerides, IDF= International Diabetes Federation.

Table 2: Age-specific Body Mass Index Cut-Points (kg/m?) and corresponding percentiles for
males and females!

Age (years) Males (89™) Females (84™)

12 26.62 26.28
13 27.42 26.96
14 28.15 27.54
15 28.77 28.05
16 29.27 28.54
17 29.63 29.02
18 29.97 29.83
19 30.00 30.00

Reference: ! Jolliffe CJ, Janssen I. Development of age-specific adolescent metabolic syndrome
criteria that are linked to the Adult Treatment Panel 111 and International Diabetes Federation criteria.
J Am Coll Cardiol 2007 49(8):891-898.
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Kathleen Lacy*, and Jo Salmon*

ICentre for Physical Activity and Nutrition Research, School of Exercise and Nutrition
Sciences, Deakin University, Melbourne, Victoria, Australia. > Baker IDI Heart and Diabetes
Institute, Melbourne, Victoria, Australia.

Objective: The aim of this systematic review was to explore whether the associations
between sedentary behaviour and cardiometabolic risk markers are independent of dietary
intake in adolescents aged 12-18 years.

Methods: Online databases (Medline, Global Health, Psycinfo, Web of Science and
Embase) and personal libraries were searched for peer-reviewed original research articles
published in English before March 2014. Eligibility criteria were: 1) participants aged 12-18
years; 2) included a measure of sedentary behaviour as an independent variable; 3)
controlled for dietary intake (defined as intakes of energy, macronutrients, food or
beverages) in the analyses; and 4) assessed at least one cardiometabolic risk marker as the
main outcome (i.e. adiposity, blood pressure, insulin sensitivity, glucose tolerance or lipid
levels) or cardiometabolic conditions. Two reviewers independently screened the full-text for
eligibility and rated the methodological quality of the studies.

Results: Twenty-five studies met the inclusion criteria, with all studies considered to be of
high quality (quality scores ranged from 60-84%). From the 21 studies examining sedentary
behaviours and adiposity, the majority found significant associations between television
viewing, total screen time and total self-reported sedentary time with markers of adiposity,
independent of dietary intake. However, no consistent pattern in dietary variables was
identified. Three studies examined associations between sedentary behaviour and
cardiometabolic markers other than adiposity, with no significant associations observed
between total screen time and blood pressure. Due to a lack of studies, there was insufficient
evidence of associations between sedentary time and the remaining cardiometabolic markers
or metabolic syndrome.

Conclusions: This systematic review found consistent evidence that television viewing, total
screen time and self-reported sedentary time are independently associated with adiposity in
adolescents, irrespective of dietary intake. However, due to the variability of dietary
variables that were adjusted for in the analyses, no clear pattern was identified. Additionally,
no studies used objective measures to assess sedentary time and there was limited evidence
to draw conclusions regarding other cardiometabolic risk markers. Thus, future work is
needed to understand the role of dietary intake in the associations between screen time
behaviours, objectively-measured sedentary time and cardiometabolic risk markers in
adolescents.
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SEDENTARY BEHAVIOUR, DIET & CARDIOMETABOLIC HEALTH IN
ADOLESCENTS:
A SYSTEMATIC REVIEW

Fletcher E!, Leech R, McNaughton St, Dunstan D?, Lacy K* and Salmon J*

!Deakin University, Melbourne, VIC,
2Baker IDI Heart and Diabetes Institute, Melbourne, VIC.

Background/Aim: There is strong evidence supporting the association between screen time
and obesity in adolescents. However, there are mixed findings when overall sedentary time is
examined, with some evidence suggesting dietary intake mediates the relationship between
screen time and adverse health outcomes. Therefore, the purpose of this systematic review is
to explore the role dietary intake has in the relationship between sedentary behaviour and
cardiometabolic risk markers in adolescents aged 12-18 years.

Methods: Online databases (Medline, Global Health, Psycinfo, Web of Science and
Embase) and personal libraries were searched for peer-reviewed original research articles
published in English before March 2014. Eligibility criteria were: 1) participants aged 12-18
years; 2) included a measure of sedentary behaviour as an independent variable; 3)
controlled for dietary intake (defined as food and beverages consumed) in the analyses; and
4) assessed at least one cardiometabolic risk marker as the main outcome (i.e.
overweight/obesity; waist circumference; blood pressure; insulin sensitivity; glucose
tolerance or lipid levels). Two reviewers independently screened the full-text for eligibility
and rated the methodological quality of the studies.

Results/Conclusions: Twenty-six studies met the inclusion criteria. The findings from each
study will be summarised according to whether sedentary behaviour was significantly
associated with cardiometabolic risk markers, and if so, whether or not the associations were
independent of dietary intake. The findings will provide an understanding of the role dietary
intake plays as a potential mediator between sedentary behaviour and adverse health
outcomes, and whether findings differ according to how sedentary behaviour is measured.
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Purpose: To determine the mediating effects of dietary intake on the relationship
between television (TV) viewing, BMI and the metabolic syndrome (metS) among a
large representative sample of adolescents in the United States.

Methods: The analysis was based on adolescents (12-19 years) participating in the
2003-06 US National Health and Nutrition Examination Survey. BMI z-score was
calculated using age- and sex-adjusted height and weight, and metS was calculated
using age- and sex-adjusted waist circumference, systolic/diastolic blood pressure,
non-high-density lipoprotein cholesterol, triglycerides and plasma glucose. Hours
(per day) spent watching TV were measured via a self-reported questionnaire.
Dietary intake was assessed using two 24-hour recalls. A series of mediation
analyses was conducted examining five dietary mediators (total energy intake, fruit
and vegetable consumption, discretionary snack consumption, sugar-sweetened
beverage (SSB) consumption and diet quality) on the relationship between TV
viewing with BMI and the metS.

Results/findings: In total 3,161 participants had complete BMI profiles, and 1,379
participants had complete metS data. Approximately half of the sample were males,
38% were overweight or obese and 9.1% were classified as having the metS. Overall,
TV viewing was significantly related to BMI (=0.099, p<0.001), and remained
significant after adjusting for each dietary mediators. However, no significant
mediation was found with any of the dietary mediators. TV viewing was also
significantly associated with the metS (B=0.163, p=0.46), and remained significant
after adjusting for total energy intake and discretionary snack consumption. Fruit and
vegetable and SSB consumption were found to be significant mediators, explaining
4.1% and 8.7% of the relationship between TV viewing and metS, respectively.

Conclusions: Contrary to our hypothesis, this study found that five aspects of dietary
intake were not a significant mediator in the TV viewing and BMI relationship.
However, consumptions of fruit and vegetables and SSB were found to be significant
mediators in the TV viewing and metS relationship. This highlights the complexity
of the relationships between TV viewing, dietary intake and cardiometabolic health
outcomes. Further research is needed using longitudinal and experimental designs,
and examining whether other sedentary behaviours have similar findings.
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TELVISION VIEWING & CARDIOMETABOLIC HEALTH
IN ADOLESCENTS: THE ROLE OF DIET

Fletcher E*, McNaughton S, Lacy K, Dunstan D?, Carson V2, and Salmon J*

ICentre for Physical Activity and Nutrition Research, Deakin University, Melbourne,
Baker I1DI Heart and Diabetes Institute, Melbourne 3Faculty of Physical Education
and Recreation, University of Alberta, Canada

Background/Aim: Currently, 25% of adolescents from Western countries are either
overweight or obese. Moreover, 10% are classified as having the metabolic
syndrome (MetS) — a condition characterised by a collection of risk factors that
increase a person’s chance of developing type 2 diabetes and cardiovascular disease.
Television viewing (TV) has shown to have positive associations with both obesity
and the MetS. However, dietary intake may play an important mediating role in this
relationship. Therefore, the aim of this study is to determine the mediating role of
dietary intake in the relationship between TV with obesity and the MetS among
adolescents.

Methods: The results are based on adolescents (12-19 years) participating in the
National Health and Nutrition Examination Survey (NHANES) in 2005/06. BMI z-
score was calculated using age- and sex-adjusted height and weight, and MetS was
calculated using age- and sex-adjusted waist circumference, systolic and diastolic
blood pressure, non-high-density lipoprotein cholesterol, triglycerides and glucose.
Hours spent in TV were measured via a self-reported questionnaire. Dietary intake
was assessed using 2 x 24-hour recalls. A series of mediation analyses were
conducted examining various dietary mediators (e.g. total energy intake, fruit and
vegetable consumption, discretionary snacks, sugar-sweetened beverages and dietary
quality) in the relationship between TV with BMI z-score and MetS.

Results/Conclusion: Of the 880 adolescents examined, 38% were overweight or
obese and 10% had the MetS. The findings from the mediation analyses will help
inform whether dietary intake plays an important role in the relationship between TV
and BMI and the MetS
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Associations of sedentary time with indicators
of cardiometabolic health in adolescents:
Are they mediated by diet?

Elly Fletcher*, Valerie Carson, Sarah McNaughton, David Dunstan, Genevieve Healy, Jo Salmon
Institute for Physical Activity and Nutrition, Deakin University.

RESULTS

Baseline characteristics

<+ ZzBMI sample (n=1,797); MetS sample {(n= 812)

<+ 35% participants (age 15.1y) were overweight/obese and 6.7% had MetS
+ Mean total ST was 7.0 hr/d and average sedentary bout was 9.1 min/d

<+ Mean tofal El was 2,230kcal and fruit/veg intake was 1.8 serves

INTRODUCTION

< In adolescents, associations
between objectively-measured
sedentary time (ST) with BMI
and metabolic syndrome (MetS)
are inconsistent.

% Dietary intake associated with
TV viewing & plays a key role in

energy metabolism Main findings
< Dietary intake could explain the < No significant associations observed between ST (total or bouts) with
consistent findings. any diet variable for both zBMI and MetS sample (a-path)
% Significant associations observed between total El and snacks with
AIM zBMI and total El and fruit/veg with MetS (b-path)
S e AT RN EE TR ELCE Y No significant associations observed between ST (total or bouts) with
mediates the associations ZBMI or MetS (c-path)
between ST (volume & bouts) % ST and zBMI adversely associated after taking into account SSB and
with BMI and MetS in adole- fruit/veg intake (c’-path)
scents (12-19y) participating in + No dieta . - :
ry variables significantly mediated the ST and BMI or ST and
the 2003-06 NHANES. Mets relationship (a'b; mediators)
METHODS Dietary intake i i
4 zBMI and MetS were calculated v Total E Deetary intake
using age- and sex-specific J B=-002 v OR=0.88
criteria. X Snacks X
% Data from an ActiGraph a b\ V' 02 a by v Fruitiveg
accelerometer (wom 7 days) CR=0.38
was used to derive total ST and X
usual sedentary bout length. c X
; Rl ST (total BM STfotal o
+ Diet was assessed using 2x24h &bouts) ======== &bouts) _ _ _ _ - - - »
dietary recalls. The mediators v ¢ TTTX

examined were: tofal energy
intake (El), fruitf'vegetable intake,
discretionary snacking, sugar-
sweetened beverages (SSB)
and diet quality (HEI2010).

+ Using McKinnon method,
mediation analyses assessed
whether each diet variable
mediated the association
between ST (total & usual bout
duration) with zBMI and MetS

% All models adjusted for age, sex,
ethnicity, SES, diet intake under-
reporters and MVPA.

*Corresponding author:
Elly Fletcher, Deakin University, elly fletcher@deakin.edu.au
deakin.edu.au/research/ipan

Figure 1: Mediation pathways hetween
sedentary time, diet and zBMI (n=1,797)

CONCLUSIONS

Figure 2: Mediation pathways between
sedentary time, diet and MetS (n=812)

+ No associations observed between ST with zBMI or MetS, and none of
the five dietary elements mediated or masked the relationship.

< Unlike TV viewing, ST does not appear to be related to dietary intake.

+ Intervention programs need to address total ST differently compared to
certain sedentary behaviours (e.g. TV viewing)
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and Health, Bangkok, Thailand (2016)

EFFECTS OF BREAKING UP SITTING ON ADOLESCENTS’ POSTPRANDIAL
GLUCOSE AFTER CONSUMING MEALS VARYING IN ENERGY:
A CROSS-OVER RANDOMISED TRIAL

Elly A. Fletcher!, Jo Salmon?, Sarah A. McNaughton?, Liliana Orellana?,
Glenn D. Wadley?, Clinton Bruce?, Paddy C. Dempsey?, Kathleen E. Lacy?, and
David W. Dunstan*?

YInstitute for Physical Activity and Nutrition, Deakin University. Biostatistics Unit,
Deakin University, 3Baker Heart and Diabetes Institute.

Background: Breaking up prolonged sitting may be beneficial for glucose
metabolism in adolescents. However, the impact of dietary intake on the postprandial
glucose response while engaged in sustained versus interrupted sitting is unclear.
This study aimed to the impact of uninterrupted sitting versus sitting with activity
breaks on adolescents’ postprandial glucose responses while consuming meals
varying in energy (high-energy diet versus standard-energy diet).

Methods: Thirteen healthy participants (16.4+1.3 years) completed a four-treatment
cross-over trial: 1) uninterrupted sitting + high-energy diet (meals consumed at 0 and
3h; consistent for each condition); 2) sitting with breaks + high-energy diet; 3)
uninterrupted sitting + standard-energy diet; and 4) sitting with breaks + standard-
energy diet. A Continuous Glucose Monitoring system (CGM) recorded interstitial
glucose concentrations every five minutes. Linear mixed models examined
differences in glucose positive incremental area under the curve (iAUC) and total AUC
between the sitting and diet conditions for the first meal, second meal and entire trial period.

Results: Compared to the uninterrupted sitting conditions, the breaks condition
elicited a 36.0 mmol/L/h (95%CI 6.6-65.5) and 35.9 mmol/L/h (95%CI 6.6-65.5)
lower iIAUC response after the first and second meal, respectively, but not for the
entire trial period or for total AUC. Compared to the standard-energy diet, the high-
energy diet elicited a 55.0 mmol/L/h (95%CI 25.8-84.2) and 75.7 mmol/L/h (95%ClI
8.6-142.7) higher iIAUC response after the first meal and entire trial, respectively.
Similar response to the high-energy diet were observed for total AUC.

Conclusions: According to iIAUC, interrupting sitting had a significant effect on
lowering postprandial glucose for both dietary conditions, however, it was no longer
significant when examining total AUC. Larger studies are needed to confirm these
findings.

Clinical Trial Registration Number: ACTRN12615001145594.
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Appendix F.4 Ethical approval

|’ DEmj:w )
Human Ressarch Ethics \WDF-EI’JT-J//

Dieakin Riesearch Integnty

Memorandum

Tao: Prof Jo Salmon

School of Exercise and Mutrition Sciences

B cc: Miss Elly Fletcher
From: Dieakin University Human Research Ethics Committes (DUHREC)
Date: 02 April, 2015
Subject: 2015-038

The role of diet in the relationship between prolonged and intermupted sitting with postprandial
glucose and insulin responses in adolescents

Flease quote this project number in all future communications

The application for this project was considered at the DU-HREC meeting held on 168/3/2015.

Approval has been given for Prof Jo Salmon, School of Exercise and Mutrition Sciences, to undertake this project
from 2/04/2015 to 2/04/2018.

The approval given by the Deakin University Human Research Ethics Committee is given only for the project and
for the period as stated in the approwal. Itis your responsibility to contact the Human Research Ethics Unit
immediately should amy of the following cccur:

. Serious of unexpecied adverse effects on the participants

. Any proposed changes in the protocol, including extensions of time.
Any =vents which might affect the continuing ethical acceptability of the project.
The project is discontinued before the expected date of completion.

. Modifications are requested by other HRECs.

Im addition you will be required to report on the progress of your project at least once every year and at the
conclusion of the project. Failure to report as required will result in suspension of your approval to proceed with
the project.

DUHREC may need to audit this project as part of the requirements for monitoring set out in the Mational
Statement on Ethical Conduct in Human Research (2007).

Human Ressarch Ethics Unit
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Appendix F.5 Parent Plain Language Statement and Consent Form

DEAKIN

Centre tor Physical Activity and Nutrition Reszarch URSERSITF AUETRAL &

Date: Nov/Dec 2015 / @ \'\.

AKIN |

Full Project Title: Eat And 5it Youth (EASY) study |

s b
Principal Researcher: Alfred Deakin Professor Jo 5almon WO L_'”I:j
Project Manager: Elly Fletcher

Plain Language Statement

To: Parents/guardian of adolescents aged 14-17 years,

Your child is invited to take part in the Eat And 5it Youth (EASY) research project.

This Plain Language Statement contains detailed information about the research project. its purpose
is to explain to you as openly and cearly as possible all the procedures involved in this project so
that you can make a fully informed dedision whether you are going to allow your child to participate.

Please read this Plain Language Statement carefully. Feel free to ask questions about any
informaticon in the document.

Once you understand what the project is about and if you agree to allow your child to take part in
it, you will be asked to sign the Consent Form. By signing the Consent Form, you indicate that you
understand the information and that you give your consent for your child to participate in the
research project.

You will be given a copy of the Plain Language Statement and Consent Form to keep as a record.

Page 1
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Centre far Physical Activity and Mutrition Research URIVEREITY GUSTHALLL

Purpose and Background of Research Project

The purpose of this project is to understand how different foods can affect how much sugar is in
young people’s blood when they sit for a long time and when they interrupt their sitting with light
exercise breaks in between.

Up to 25 adolescents will participate in this project. Your child is invited to participate in this research
project because he/she is aged 14 to 17 years.

What is involved in the research project

Participation in this project will involve your child attending Deakin University in Burwood on four
separate days on weekends or during the school holidays. Each visit will be slightly different. On two
of the research visits, your child will be asked to sit for & hours and eat two meals (one for breakfast,
one for lunch). The other two research visits will be similar, but will involve your child getting up
every 18 minutes and doing 2 minutes of light exercises (such as squats and step ups). During all
four visits, your child may watch (age appropriate) television and movies that we have at Burwood,
or play computer games of their choice. As a parent/guardian, you are most welcome to attend the
research visits with your child, although it is not compulsory. Your child may also like to bring a
friend if they would like some company during the research visits. If the friend is between 14-17
years, they are welcome to partidipate in the project along with your child.

See below for more details on what is involved in this research project for your child:

1. The dav/nicht before each research visit:
The day before all four research visits, we will kindly ask your child to not do any hard or tiring

activities that will make them out of breath. This is because it may make your child tired during the
research visits and it may influence the results. We will also give your child dinners for them to eat
on each night before the four research visits. This dinner will be a familiar dinner that is commaonly
eaten by people of this age. This dinner is given to your child because we would like all participants
to eat the same meal.

Page 2
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DEAKIN

Centre far Physical Activity and Mutrition Research URIVEREITY GUSTHALLL

2. On the first research visit only:
= Your child’s height, weight, waist and blood pressure will be measured privately by a
research staff member. To measure your child’s height, weight and waist, we will ask your
child to remove any heavy clothing (e_g. jumpers and coat) and to take off their shoes. To
measure their blood pressure, we will ask your child to sit quietly for five minutes before
placing a cuff around their upper arm that inflates and measures their blood pressure.
You may like to be there with your child for this, although again, not compulsory.

#  Your child will be asked to complete two short surveys. The first survey is about your
child’s demographics, activity levels and how much time they spend sitting. Some
questions that will be asked are: What is your date of birth? How much physical activity
did you do last week? How much television do you watch each day? The second survey
will ask your child to rate what stage they are at in their pubertal development. This
involves your child circling a line-drawing that best describes their stage of puberty
development. We will ask your child to complete this survey in private to avoid any
feelings of discomfort. It is important for us to collect this information as the stage of
puberty can affect a person’s blood sugar levels. All survey responses are kept
confidential.

3. Onall four visits, your child will be asked to:

* Wear two monitors that record their activity: an
accelerometer (pictured left) and an indinometer
{pictured right). The accelerometer tells us how much
activity your child is doing and the indinometer tells us
how much time they are sitting. A staff member will fit
the monitors to your child when they first amive at
Deakin, and remowve them at the end of the day before
your child goes home.

=  Wear a monitor that records how much sugar is in your child’s blood
{pictured here). This monitor will be inserted into their lower back
the night before they come to their first and third research visit. The
monitor can be inserted either at Deakin University, or a research
staff member can visit your child’s home. We need to do this the
night before as the monitor takes 12 hours to start working.
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The monitor can only be worn for 3-4 days, so after the second visit we will need to
remove it and insert it again before the third visit. On the fourth research visit, we will
remove the device again before your child goes home. Inserting this monitor does not
hurt —we can show you and your child what it looks like and explain what it does prior to
inserting it. Once the monitor is in, your child will barely notice it. We will adhere a plastic
cover over the top so it won't move around. This monitor is water-proof so your child can
still shower.

«  Eat two meals during all four visits. Your child will be provided the first meal when they
arrive at Deakin (approximately 8-9am) and the second meal 3 hours later (11am-12pm).
The meals are everyday foods that are commonly eaten by people of this age. Your child
will be asked to try and eat the whole meal within 20 minutes.

= Before and after each visit, we will ask your child to complete an ‘appetite and mood
guestionnaire’ to see whether sitting all day or eating different meals can affect their
hunger levels and/or their mood (e.g. more alter or more tired).

=  Throughout all four trials, we will ask your child to complete a short “physical activity and
medication checklist”. This will ask whether your child participated in any physical activity
or taken any medications the 24 hours before the research visits.

To note: if you or your child has any concerns or questions about what's involved in the study or
about the surveys or checklist, we are more than happy to answer any questions and/or show
you all the study’s materials.

4. At the end of the study:

As a thank-you for your child’s time in this study, they will receive a summary of their
results from the physical activity monitors and blood sugar monitor. They will also
receive a FitBit Charge HR wristband tracker (picture right) on the last day of the study.
The FitBit is a monitor that can record steps taken, energy expenditure, sleep patterns
and has a built in heart rate monitor!
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Travelling to and from the research visits

If you would like to drive your child to and from Deakin University in Burwood, a parking permit will
be available for you to use for the duration of the visit. If you are unable to drive your child, a myki
card or taxi voucher will be provided to your child for them to use on their research visits to and
from Deakin University. Prior to commencing the study, a research staff member will call you to
discuss which travel option you would like your child to use.

Possible Benefits and Risks of Participating in the Project

This project will help us to understand how different foods can affect young people’s blood sugar
levels when they sit for a long time and when they sit with small breaks in between. We cannot
guarantee or promise that participants will receive any direct benefits from this project. However,
it is possible that by participating in the study, your child may become more aware of how much
they sit during the day and what types of foods they consume. In addition to this, as a duty of care,
if your child has any abnormal blood sugar levels, we will let you and your child know and
recommend you see your local GP or Paediatridan.

We do not anticipate that there will be major risks involved in participation in this research project.
Howewver, when the blood sugar monitor is inserted, some participants may experience some
discomfort where it is inserted. To reduce any potential discomfort, a topical anaesthetic cream
(EMLA) may be applied to your child’s skin as required. Also, the questions in Survey 2 (about the
stage of pubertal development) may be sensitive or embarrassing to some participants. These
questions are completed in private and are not shown to any other participants. However, if your
child finds it uncomfortable, they do not have to complete it.

Privacy, Confidentiality and Disclosure of Information

All information collected will be used for research purposes only. Any information collected that can
identify your child will remain confidential. To ensure confidentiality is kept, all project materials
(e.g. survey, measurements collected) will be coded by @ number and your child's name and
personal details will be stored separately in locked filing cabinets at the School of Exercise and
Nutrition 5ciences, Deakin University.

Once the research project is complete, all hard copy research materials will be stored securely fora
period of six years at Deakin University.

207 |Page



Appendices

DEAKIN

Centre Far Physical Activity and Mutrition Research URIVEREITY EUSTIALIA

Results of the project

Once the project has been completed and all data has been analysed, the results will be published
in health, nutrition and physical activity journals along with both national and international
conference presentations. In any publication or presentation, information will be provided in such
a way that your child cannot be identified.

Monitoring of the Project

The lead researcher will monitor the progress of the research by having regular meetings with all
research staff to discuss the progress of the project and address any issues that may arise during the
research visits.

Funding
This research project is funded by a Centre of Research Excellence (CRE) Grant from the National
Health Medical Research Centre (NHMRC). The research staff declare that there are no conflicts of
interest.

Participation is Voluntary

Participation in any research project is voluntary. If you do not wish for your child to take part your
child is not obliged to. If you decide to allow your child to take part and later change your mind, you
are free to withdraw your child from the project at any stage.

Your decision whether to allow your child to take part or not to take part, or to allow your child to
take part and then withdraw, will not affect your relationship or your child’s relationship with Deakin
University, or any other organisation involved.

Before you make your decision, a member of the research team will be available to answer any
questions you have about the research project. You can ask for any information you want. Sign the
Consent Form only after you have had a chance to ask your questions and have received satisfactory
aANSWers.

If you decide to withdraw your child from this project, please sign the Withdrawal of Consent form
and post it back using the replied-paid envelope provided. Alternatively, you can notify a member

e
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Complaints
If you hawve any complaints about any aspect of the project, the way it is being conducted or any
questions about your rights as a research participant, then you may contact:

Please quote project number: 2015-039

Further Information, Queries or Any Problems
If you require further information, wish to withdraw your child from the study or if you have any
problems concerning this project, you can contact the Project Manager:

If you would like your child to take part in this study, please turn over the
next page to complete the consent form. Please return the consent form to
Deakin University in the envelope provided.

Thank-you for your time!

Page 7

209 |Page



Appendices

KIN

Centre for Physical Activity and Mutrition Research URIVEREITY BUSTIALIA

CONSENT FORM
To: Parent/guardian of participant and participant /’F:"‘\

. -1
Date: 13/11/2015 I' qu!]H :
Full Project Title: Eat 5it And Youth (EASY) study '\Ia"x'.-?.lrljh_.] /
Reference Number: 2015-039 —
| give permission for (full name of your child)

to participate in the project according to the conditions in the Plain Language Statement.

| acknowledge that:

# | have read and | understand the attached Plain Language Statement, and have been given a copy to keep.

= | agree for my child to participate in the assassment components of the project according to the conditions in
the Plain Language Statement, and understand that parental/guardian consent is for my child to participate in
the project.

#  The researcher has agreed not to reveal my child's identity and personal details, including where information
about this project is published, or presented in any public form.

# | am free to withdraw my child from this project at any time.

Parent/Guardian’s Mame (printed]:

Farst noma Surmarme
Home address: .. e et eem e eme
Address Suburk Postoode
Contact number: (h) () e
PLEASE Parent/guardian’s Signature (CONSBAL): oo DERE oo
SIGH
HERE Child's SiEnature [E5ent): o Date: oo

Please return the signed consent form in the i ovided. If have any guestions,
please contact the Project Manag
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Appendix F.6 Survey for female participants

Appendices

ADMIN ONLY: EASY STUDY
Participant ID:

Today s date:

uuuuuuuuuuu

Worldly /

EAT AND SIT YOUTH

Study

$TTTTTITTTY,

SURVEY - FEMALES

| —
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A: ABOUT YOU

Al. What is your birth date: / !

Day Month Year

A2. What year level are you in at school? Year

A3. What is your gender:

O,
O,

Male
Female

A4, In which group do you culturally identify yourself? Note: you can tick one or more boxes

O,
O
O
O
O,
Os
O
O
Os
O
O
O
O

Australian

Indigenous (including Aboriginal or Torres Strait kslander)
UK

New Zealand

Indian

Chinese

Italian

Vietnamese

Greek

Sri Lankan

Filipino

South African

Other (please specify):

212 |Page




Appendices

B: ABOUT YOUR
PHYSICAL ACTIVITY

The following questions are about your physical activity.

‘Physical activity' is any activity that increases your heart rate and makes you get out of
breath at least some of the time. Physical activity can be done in sports, being active
with friends or walking to school. Examples include running, brisk walking, cycling,
dancing, skateboarding, swimming, soccer, basketball, football or surfing.

B1. Your usual physical activity levels
Ower a typical or usual week, on how many days are you physically active for a total of at least
B0 minutes per day? (Please note, do not include school PE or school sport)

Os; None

O, 1 day

O, 2days
O3 3days
O, 4days
O0; Sdays
O: &days

O, 7 days (everyday)

B2. Vigorous activities

a) During the last 7 days, on how many days did you do VIGOROUS physical activities like heavy
lifting, fast running or fast cycling?

days per week

O  Tick this box if you did no vigorous physical activities, and SKIP to B3.

b) How much time did you usually spending doing VIGOROUS physical activities on one of
those days?

hours per day

minutes per day
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B3. Moderate activities

a) During the last 7 days, on how many days did you do MODERATE physical activities like

carrying light loads, jogging at a light pace and cycling at a regular pace (do not include walking).
days per week

O  Tick this box if you did no moderate physical activities, and SKIP to B4.

b) How much time did you usually spending doing MODERATE physical activities on one of
those days?

hours per day
minutes per day
B4. Walking
a) During the last 7 days, on how many days did you WALK for at least 10 minutes at a time?
days per week
O Tick this box if you did no walking, and SKIP to Section C
b) How much time did you usually spend WALKING on one of those days?
hours per day

minutes per day
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Weekdays (Monday to Friday):

C1. Over a typical or usual week, on how many days do you use LESS THAM 2 hours of
electronic media (e.g. watching television, seated electronic games and computer) for
entertainment purposes each day?

C2. Please indicate how much time on a typical weekday (e.g., Monday to Friday) you do the
following activities. Please think about the time from when you wake up until you go to bed.

a)

b)

c)

d)

€)

Oa
O
O:
O
.
0O,
Os
O

Note: DO NOT include time when you are in school during regular hours, or weekends.

Watching television/ videos/DVDr's

Playing sedentary computer or
video games (e.g., Nintendo or Xbox)

Using the internet, emailing or for
leisure (e.g., checking Facebook)

Doing homework [including reading,
Writing or using the computer)

Reading a book or magazine NOT
for school (including comic books)

The following questions are about your “sedentary behaviours’.
“Sedentary behaviours” are things that generally involve sitting and not moving
around, like watching TV, playing video games, reading, and playing on the computer.

None

1 day

2 days
3 days
4 days
5days
6 days

7 days (everyday)

Riding in a car

Riding in a bus, train, tram

hours andfor

hours and/or

hours andjor

hours andfor

hours andfor

hours andjor

hours and/or

minutes per day

minutes per day

minutes per day

minutes per day

minutes per day
minutes per day

minutes per day
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Weekend (Saturday and Sunday):

C3. Please indicate how much time on a typical weekend day (Saturday or Sunday] you do
the following activities. Please think about the time from when you wake up until you go

a)

b}

c

d)

€)

1o bed.

Please note: Do not include ony weekdays.

Watching television/ videos,/DVD's

Playing sedentary computer or
video games (e.g., Nintendo or Xbox)

Using the internet, emailing or for
leisure (e g., checking Facebook)

Doing homework (including reading,
Writing or using the computer)

Reading a book or magazine NOT
for school (including comic books)

Riding in a car

Riding in a bus, train, tram

hours andfor

hours and/or

hours andfor

hours andfor

hours andfor

hours and/or

hours and/or

minutes per day

minutes per day

minutes per day

minutes per day

minutes per day
minutes per day

minutes per day
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D: ABOUT YOUR
PUBERTAL DEVELOPMENT

The fellowing questions ask about changes that happen during puberty. Puberty is the time
when your body develops into a young adult. As puberty can influence your blood glucose, the
answers to these questions about your body are very important to us. Please do your best to
answer carefully. If you do not understand a question or do not know the answer, please select
the ‘Tdon’t know' option. Your answer will be kept private. Nobody can see your answers and

we will not show them to anyone.

Breast development
1. Please circle the drawing that looks the most like your body.

= i
P ——
SE= n i
T ':;’l { %? Stage 1: The breasts are flat. The nipples stick out a
¢ |"-. ) )i I| | A little.
F L ! )
= Pa— e Stage 2: The breasts are small mounds. The nipples stick

FAN out more than Stage 1.

_.-'r. | I
I by
[ ] ! i
3 -

ST - ;
U . \ A | i Stage 3: The breasts and the darker skin around the
| lllkf 'Jl.lill R ‘ nipples are bigger than Stage 2.
L [ : I I

l/-4:._9 o r—.l Mipm T—-_}\
o} MW—:/l i Il make a mound that sticks out from the breast

| " ; )

| te ,; | 'l i If » darker skin around the nipples does not stick out.
. Py

0 i IR S Y

0=  Please tick if you do not know

Stage 4: The nipple and the darker skin around the nipples

; & F q: Stage 5: Only the nipples stick out from the breast. The

217 |Page



Appendices

Female hair development
2. Please choose the drawing that looks the most like your body.
| |
Stage 1: There is no hair in this area

|

| Y

a
If | Stage 2: There are a few long, soft hairs in the private area.
II \l_/ 1 The hairs can be straight or curly.

| | i

a

,' I| | Stage 3: The hair is thicker and curlier and has spread out over
II w | more of the private area than in stage 2

| | |

o |

[ | ! Stage 4. The hair is darker and curlier and covers a bigger area
| I ’ than Stage 3

| |

B

| ! Stage 5: There is hair on the inside of the thighs. The hair

1 v Covers an area that is shaped like a triangle.
Il, |__|I
Oe Please tick if you do not know
Menstruation
3. Have you begun to menstruate (started to have your period)?
Dl:l Mo
O;  Yes.

If yes, at what age did you have your first period? years

You are finished!

Thank-you for completing the survey ©
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ADMIN ONLY: EASY STUDY
Participant I
Today’s date:

N

| DEAKIN |
\Warldly
Nl

EAT AND SIT YOUTH

Study

ST

SURVEY - MALES

 ——
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A: ABOUT YOU

Al. What is your birth date?: ! /

Day Month Year

AZ. What year level are you in at school? Year

A3. What is your sex?:

0,
0.

Male
Female

A4, Inwhich group do you culturally identify yourself? Note: you can tick one or more boxes

0,
O
O
O
O,
Os
O
O
Os
O
O
O:2
O

Australian

Indigenous {including Aboriginal or Torres Strait Islander)
UK

MNew Zealand

Indian

Chinese

Italian

Vietnamese

Greek

5ri Lankan

Filipino

South African

Other (please specify):
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B: ABOUT YOUR
PHYSICAL ACTIVITY

The following questions are about your physical activity.

‘Physical activity’ is any activity that increases your heart rate and makes you get out of
breath at least some of the time. Physical activity can be done in sports, being active
with friends or walking to school. Examples include running, brisk walking, cycling,
dancing, skateboarding, swimming, soccer, basketball, football or surfing.

B1. Your usual physical activity levels
Cwer a typical or usual week, on how many days are you physically active for a total of at least
60 minutes per day? (Please note, do not include schoo! PE or school sport)

Os MNone

O, 1 day

O. 2days
O;  3days
O, 4days
Os Sdays
O: 6days

O; 7 days (every day)

B2. Vigorous activities
a) During the last 7 days, on how many days did you do VIGOROUS physical activities like heavy
Iifting, fast running or fast cycling?

days per week

O  Tick this box if you did no vigorous physical activities, and SKIP to B3.

b) How much time did you usually spending doing VIGOROUS physical activities on one of
those days?

hours per day

minutes per day
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B3. Moderate activities
a) During the last 7 days, on how many days did you do MODERATE physical activities like
carrying light loads, jogging at a light pace and oycling at a regular pace (do not include walking).

days per week
O  Tick this box if you did no moderate physical activities, and SKIP to B4.

b) How much time did you usually spending doing MODERATE physical activities on one of
those days?

hours per day
minutes per day

B4. Walking
a) During the last 7 days, on how many days did you WALK for at least 10 minutes at a time?

days per week
O  Tick this box if you did no walking, and SKIP to Section C
b} How much time did you usually spend WALKING on one of those days?
hours per day

minutes per day
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“sedentary behaviours” are things that generally involve sitting and not moving
around, like watching TV, playing video games, reading, and playing on the computer.

The following questions are about your “sedentary behaviours”.

Weekdays (Monday to Friday]:

C1. Over a typical or usual week, on how many days do you use LESS THAN 2 hours of
electronic media (e.g. watching television, seated electronic games and computer) for

Cc2.

a)

b)

c

d)

€)

entertainment purposes each day?

Ua
O
O
Oa
0.
O,
Oe
O

Please indicate how much time on a typical weekday (e.g., Monday to Friday) you do the
following activities. Please think about the time from when you wake up until you go to bed.

Note: DO NOT include time when you are in school during regular hours, or weekends.

None

1 day

2 days

3 days

4 days

5 days

6 days

7 days [everyday)

Watching television, videos/DVD's hours and/for

Playing sedentary computer or
video games (e.g., Nintendo or Xbox) hours and,or

Using the internet, emailing or for
leisure [e_g., checking Facebook) hours and/or

Doing homework (incCluding reading,
writing or using the computer) hours and/or

Reading a book or magazine NOT

for school (including comic books) hours and/or
Riding in a car hours and/for
Riding in a bus, train, tram hours and,or

minutes per day

minutes per day

minutes per day

minutes per day

minutes per day
minutes per day

minutes per day
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Weekend (Saturday and Sunday):

C3. Please indicate how much time on a typical weekend day {Saturday or Sunday] you do
the following activities. Please think about the time from when you wake up until you go

a)

b)

o)

d

€)

1o bed.
Please note: Do not include any weekdays.

Watching television/ videos/DVD's hours and/or

Playing sedentary computer or
video games (e.g., Nintendo or Xbox) hours and/or

Using the internet, emailing or for
leisure (e_g., checking Facebook) hours and/or

Doing homework (including reading,
writing or using the computer) hours andfor

Reading a book or magazine NOT

for school (including comic books) hours andfor
Riding in a car hours andjor
Riding in a bus, train, tram hours and/or

minutes per day

minutes per day

minutes per day

minutes per day

minutes per day
minutes per day

minutes per day

224 |Page



Appendices

D: ABOUT YOUR
PUBERTAL DEVELOPMENT

The fellowing questions ask about chonges that happen during puberty. Puberty is the time
when your body develops into a young adult. As puberty can influence your blood glucose, the
answers to these questions about your body are very important to us. Please do your best to
answer carefully. If you do not understand o question or do not know the answer, please select
the Tdon’t know' option. Please note, your answer will be kept private. Nobody can see your
answers and we will not show them to anyone.

Male penis development
1. Please choose the drawing/description that looks the most like your body.

[ ——
I' S

|5¢vﬁ5’,hu‘u ||
\
S

! Stage 2: The testicles are larger than stage 1 and the scrotum is
lower. The penis is only a little bigger compared to stage 1.

Stage 1: The penis, testides, and scrotum are about the same
size as when you were younger.

Ry -
[- M‘] ar” l Stage 3: The penis is longer than Stage 2. The testicles and
ll 'T I| scrotum are larger and have dropped lower than in stage 2.
[ W / )
]
{ . |
!I \LCE | Stage 4: The penis is longer and wider than in 5tage 3. The
1 i scrotum is bigger and the skin there is darker.
\ J_ ]
5. _
\‘\ i ; | Stage 5: The penis, scrotum and testicles are bigger than in
U I Stage 4
& °E
| t !
— il —

O Please tick if you do not know
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Male hair development
2. Please choose the drawing/description that looks the most like your body.

Stage 1: There is no hair in this area

L Stage 2: There are a few long, soft hairs at the base of the penis.
= '-‘,'T.I'" i i The hairs can be straight or curly.
A B
- ..-. I. Stage 3: The hair is thicker and curlier. There is hair growing on a

| Hed] bigger area than in Stage 2.

. )

o ! Stage 4: The hair is darker and curlier and covers a bigger area
[

: 'IF,T | than Stage 3. There is no hair on the inside of the thighs.

\TI'I

e

! ' Stage 5: The hair has spread to the inside of the thighs. The hair
| ﬂ, Covers an area that is shaped like a triangle.

i r

s Please tick if you do not know

Deepening of voice
3. Have you noticed a deepening of your voice?
Oy Mot yet started

[O;  Barely started
O:  Definitely started
O, Seems complete
O, | don't know

You are finished!

Thank-you for completing the survey ©
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Appendix F.8 Participant 1-day food diary

HRNN

Centre for Physical Activify and Mutrition Research

DEAKIN

HHHHHHHHHHHHHHHHHHH

The EASY study
1-DAY FOOD DIARY

PLEASE COMPLETE THIS ON:

If you have any questions, -
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HOW TO FILL IN THE
1-DAY FOOD DIARY

1. You will be asked to complete the 1-day food diary the day

Appendices

BEFORE all four research visits. That means, by the end of the

study, you would have completed this four times.

2. Each page is divided into the main meals (breakfast, lunch

and dinner) and snacks (morning, afternoon, and evening).

3. Beside each food and drink, please write a short description

and the brand name, how it was prepared (e.g. fried, boiled,

fresh), and the amount of food and drink you had (see

example below).

4. Please try to record everything at the time of eating, NOT

from memory at the end of the day. Otherwise you may

forget some foods and drinks!

5. Many packet foods have weights printed on them, so please

use these and give brand names whenever possible.

6. On the last page, please name any vitamins or other

supplements you may have had that day.

EXAMPLE: HOW TO FILL IN A LUNCH MEAL
FOOD/DRINK | DESCRIPTION & PREPARATION AMOUNT
Rolls White- 1 large
Bultesr Devondale Med i spread.
H e Honey roasted, diced- 2 slices
Cheese Tasty, full-fat 1 thick slice
Tomato Fresh 3 dices
Water Tap 600ml
Apple- Pink: Lady, with peel 1 mediunm

Page 1
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Breakfast Time:

FOOD/DRINK DESCRIPTION & PREPARATION AMOUNT

Page 2
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Morning snacks Time:

FOOD/DRINK DESCRIPTION & PREPARATION AMOUNT

Fage 3
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[Lunch Time:

FOOD/DRINK DESCRIPTION & PREPARATION AMOUNT

m
b

g
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Afternoon snacks Time:
FOOD/DRINK DESCRIPTION & PREPARATION AMOUNT
Page 5
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Dinner Time:

Please note: The dinner you eat tonight will be given to you by the EASY
team. Please only eat what's provided to you and fill in the table below.

FOOD/DRINK DESCRIPTION & PREPARATION AMOUNT
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Evening snacks Time:

The evening before your research visit, try not to eat or drink anything
after 10pm. If you do. please list these items below. Water is fine to drink.

FOOD/DRINK DESCRIPTION & PREPARATION AMOUNT

=]

234 |Page



Vitamins & Supplements

Appendices

Please name any vitamins, mineral or other food supplements that you

may have taken today. Please give all details and indicate what time you

had them.

TIME NAME & BRAND AMOUNT
EXAMPLE EMAMPLE EXAMPLE
8:00 AM VitominC, Blackmores 1 x 500mg-tablet

Page B
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Appendix F.9 Participant checklist

ADMIN OMLY: EASY STUDY

Participant 10

Today's date:

Condition day #: 1 2 3 4
Condition type: Sit-Ad Breaks-Az Sit-Ba Breaks-Bs

PARTICIPANT CHECKLIST

In addition to the 1-Day Food Diary, this checklist will ask you about the foods)/drinks and
medications you may have had yesterday and/or this morning, and whether you participated in
any vigorous exercise or physical activity yesterday andfor this morning.

CHECKLIST 1: FOOD/DRINKS

The following questions ask about what you ate for dinner LAST NIGHT.

1. Did you eat the dinner last night that was provided by the EASY study? MO [ YES:
2. Did you eat anything after 10:00 PM last night? NOg [ YES:
3. Did you drink anything after 10:00 PM last night? NOo [/ YES:

The following questions ask about any foods andfor drinks you may have consumed
THIS MORNING before your visit to Deakin University.

4. Did you eat anything this morning? MO f YES:
If yes, what food(s) did you eat?:

5. Did you drink anything this morning? MO f YES:

If yes, what drink(s) did you hawve:

Sechon G — Complete the moming of each research visit
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CHECKLIST 2: YOUR PHYSICAL ACTIVITY

The following questions ask about any sport or exercisefactivities that you may have done
YESTERDAY.

1. Did you play or train for any sport team yesterday? (e.g. football, netball, rowing, tennis,
swimming, soccer etc)

MO [ YES:

If yes, what sporting activity did you do?

If yes, how many minutes did you play/train for?

2. Did you do any other exercise or activities yesterday that made you out of breath?
[e.g. went for a run, went to the gym, played outside, etc)

MOz [ YES:

If yes, what exercise/activity did you do?

If yes, how many minutes did that exercisefactivity go for?

The following questions ask about any sport or exercisefactivities that you may have done
THIS MORNING

3. Did you play or train for any sport team this morming? (e.g. football, netball, rowing, tennis,
swimming, soccer etc)

MOz [ YES:

If yes, what sporting activity did you do?

If yes, how many minutes did you play/train for?

4. Did you do any other exercise or activities this morning that made you out of breath? (e.g.
went for a run, went to the gym, played outside, etc)

MOz [ YES:

If yes, what exercisefactivity did you do?

If yes, how many minutes did that exercise/activity go for?

Secton G - Complete the moming of each research visit
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CHECKLIST 3: YOUR MEDICATIONS

The following guestions ask about any medications that you may have had YESTERDAY.

1. Did you take any non-prescribed medication yesterday? NOa [/ YES:
For example Panadol, Aspirin, Nurcfen, etc.

If yes, what was the name of the medication?

If yes, how many did you take?

If yes, what was the reason for taking the medication?

2. Did you take any prescribed medication yesterday? NOs [/ YES:
For example, antibiotics, oral contraceptives, etc.
If yes, what was the name of the medication?

If yes, how many did you take?

If yes, what was the reason for taking the medication?

The following questions ask about any medications that you may have had THIS MORNING,

3. Did you take any non-prescribed medication this morning? NOg [/ YES:
For example Panadol, Aspirin, Nurcfen, etc.

If yes, what was the name of the medication?

If yes, how many did you take?

If yes, what was the reason for taking the medication?

4. Did you take any prescribed medication this morning? NOs [/ YES:
For example antibiotics, oral contraceptives, etc.
If yes, what was the name of the medication?

If yes, how many did you take?

If yes, what was the reason for taking the medication?

THANK-YOU FOR COMPLETING THIS CHECKLIST

PLEASE RETURN IT TO THE RESEARCH STAFF

Section G — Complete the moming of each research visit
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Appendix F.10 Food intake record (pre- and post-weight)

ADMIN ONLY: EASY STUDY

Appendices

Participant 1D:
Today's date:
condition day #: 1 2 3 4
Condition type: Sit-A, Breaks-A; Sit-Bs Breaks-By
Meal A: Breakfast
Start time: End time:
Food Pre-Weight Post-Weight Amount
(g} () Consumed
(&)

Bread (2 slices, 85g)

Tomato (3 thin slices, 45g)

Baby spinach (20g]

Avocado (40g)

Chicken, shaved (35g)

Yoghurt {100g)

Banana (120g])

Apple (100g)

Almonds (11)

Water (350g)

TOTAL

Research staff imitials:
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ADMIN ONLY: EASY STUDY
Participant 1D:

Today's date:

Condition day #: 1
Condition type: Sit-Ay

Meal B: Breakfast

Start time:

2 3

Breaks-A; Sit-Bs

End time:

Breaks-By

Appendices

Food

Pre-Weight
(&)

Post-Weight
le)

Amount
Consumed

Pizza |250g, 4 slices)

Cheesea (15g)
*put on pizza

Mars Bar (51g)

Lemonade [350g)

TOTAL

Research staff initials:
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ADMIN OMLY: EASY STUDY
Participant ID:

Meal eaten on {date):

Before condition day #: 1
Before condition type:  Sit-A;

Meal: DINNER #

Start time:

Breaks-A; Sit-Ba

End time:

Breaks-Ba

Appendices

Food

Pre-Weight
(g

Post-Weight
(=)

Amount
Consumed

@

Beef Lasagna (400g)

Bread (1 slice, 30g)

Mixed vegetables (50g)

TOTAL

* Note: Cross-check with 1-day food diary

Research staff mitials:
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Appendix F.11 Recruitment flyers and advertising

Example of flyer placed around Eastern suburbs of Melbourne.

Attention Teenagers!

Are you aged between 14 and 17 years?

AN

Do you like watching TV and playing computer games?

v Are you available to attend Deakin University (Burwood)
on 4 different days in January and February 20167

If so, you may be able to participate in...

The EASY study!

As a thank-you, all participants will receive a Fithit Charge HR!

For more information, ca! R <2l [N

Centre for Physical Adtivity and Mutrition Research (C-PAN] School of Exercise and Mutrition Soences

Approved by Ethics DU-HREC #2015-039 Deakin University Cricos Provider Code; 001138
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Advertisement in a Melbourne local newspaper (“The Leader”), published 12
November 2015

ATTENTION PARENTS!

=» Do you have a child aged 14-17 years?

= Do they like watching TV/movies & playing
computer games?

= Are they always looking for something to do on

weekends or during school holidays?

If yes, they might like to join...

The EASY Study

At the end of the study, your child will receive a Fitbit HR
Charge!

For more information, please SMS your name and contact
number to

The EASY Study
Centre for Physical Activity and Nutrition Research (C-PAN)

DEAKIN

UNIVERSITY
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Appendix F.12 Example of individualised report card given to participants

The Study

——

We would like to say thank you for your
participation in the EASY Study. We hope you

enjoyed the visits at Deakin University.

In this booklet, please see a summary of your

blood sugar levels on all four visits:

You will also find a summary of your height,
weight, waist and blood pressure that were
measured on your first visit, as well as an average

of your fasting glucose measured over the 4 days.

Thanks again for participating in the EASY study!

Remember, to always try to break up your sitting

time! —,
| DEAKIN |
The EASY Research Team. \ Worldly /
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Your results...

Your blood sugar levels across the four
research days

7.5
8.5

55

Blood Sugar Levels

45

ER

Start Lunch Finish

Time over a & hour period

Legend
Day 1: Breaks & “healthy sandwich’ meal
Day 2: Sitting & “healthy sandwich’ meal
Day 3: Sitting & ‘unhealthy pizza" meal
Day 4: Breaks & ‘unhealthy pizza’ meal
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Your measurements

Height: -
Weight: -
Waist circumference: -
Systolic Blood pressure™: -
Diastolic Blood Pressure™: -

Fasting glucose®: -

Recommendations for adolescents

*The healthy range for blood pressure in adolescents your
age, is to have your systolic blood pressure less than 130
and your diastolic blood pressure less than 85.

AThe healthy range of fasting blood glucose (sugar) in
adolescents your age is between 3.8 to 8.3 mmol/L. The
wide range is due to many factors influencing blood
glucose during adolescence such as puberty, hormones,
growth spurt, food and exercise.,
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Your Fitbit HR Charge!

We hope you are enjoying your
new Fithit HR Charge. Please see

below some health recommendations to follow for
adolescents your age. You can see whether you

meet these recommendations on the Fithit App.

Reach 10,000 Steps a day!

Do at least 60 minutes of ‘active’ physical
activity each day!

‘v Have 9-10 hours of sleep each night!

Drink 7-8 glasses of water each day!

Also, try to limit the time you spend ﬁ
using electronic media (e.g. television,

laptop, iPad) for entertainment purposes

to less than 2 hours per day. g
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Appendix F.13: Additional analyses - First peak glucose responses across four conditions

Table 1: First glucose peak responses across the four experimental conditions

Experimental conditions Effect (P-value)

High-energy diet  High-energy diet Standard-energy diet Standard-energy diet Diet Breaks

+ sitting + breaks + sitting + breaks
Glucose (mmol/L)
First peak glucose 7.7+0.3 70+0.2 6.6 +0.3 6.1+0.1 <0.001 <0.001
Difference from FG 2.7+0.2 19+0.2 1.8+0.2 1.2+0.2 <0.001 <0.001
Time (mins)
Time-to-peak glucose” 35.3+13.4 54.0+13.3 38.3+13.9 50.8 +13.5 0.992 0.275

Analyses comparing the diet conditions, and sitting/breaks conditions. Mean and SE estimated under a linear mixed model including period, diet, sitting and
% of meals consumed as fixed effects and participant as a random effect.
~ncludes the allocated 20 minutes that participants had to consume the meal.

FG: fasting glucose
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Appendix F.14: Additional analyses - Differences in percentage of meals
consumed (high-energy versus standard-energy diets) between male and female

participants

Table 2: Differences” in percentage of meals consumed (high-energy versus standard-

energy diets) between male and female participants

% high-energy diet % standard-energy diet

Median (IQR range) Median (IQR range)
Males 100 (98.4 — 100) 97.5 (76.2 — 100)
Females 76.5 (63.4 - 88.5) 87.7 (79.0 - 100)

" Differences between percentage of high-energy diet and standard-energy diet consumed
across the entire trial compared between sexes using a Kruskal-Wallis test.

Significant difference observed between percentage of diets consumed by sex (p = 0.019).
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