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Abstract
Background: Sleep deficits, which include social jetlag, poor sleep quality, and short
sleep duration, have been commonly observed in adolescents due to development-specific late
chronotype, early school start time, and other physiological and environmental factors. Recent
findings indicate that sleep is potentially associated with unhealthy eating habits, such as
frequent consumption of sugar-sweetened beverages (SSB). The associations may also differ by
gender. This thesis examined the gender-specific associations between three different types of
sleep deficits and SSB consumption among adolescents.
Methods: This thesis used a cross-sectional study design and included 1031 adolescents
from Wave 6 (Spring 2012) of the British Columbia Adolescent Substance Use Survey (BASUS)
(mean age: 15±0.7 years). Descriptive statistics analyzed the prevalences of self-reported sleep
deficits and SSB consumption by gender. Multivariable logistic regression models using
interaction terms examined the associations between each sleep deficit variable and three
measures of SSB consumption, by gender. Additional confounders were included in the
sensitivity analyses to test the robustness of results.
Results: Compared to no social jetlag (≤ 1h), consistent positive associations of higher
social jetlag levels were observed with above-median (OR 1.63 (95% CI: 1.01, 2.65)) and any
weekly SSB intake (1.97 (1.06, 3.66)) in girls; boys showed a similar positive but nonstatistically significant OR trend with any SSB intake. Non-significant positive associations were
seen between more frequent restless sleep and daily SSB intake in girls, but only boys with
occasional restless sleep (1-2 days/week) had significantly higher odds of any SSB intake (3.21
(1.31, 7.88)), compared to no restless sleep (<1 day). For every one-hour increase in sleep
duration, boys consumed significantly less SSBs using above-median (0.77 (0.61, 1.00)) and any
iii

(0.71 (0.52, 0.97)) SSB intake, but girls showed inconsistent and non-significant results for sleep
duration and SSB.
Conclusion: This study adds new insights on gender-specific associations between
different sleep deficits and SSB consumption in adolescents in BC. Social jetlag was associated
with increased SSB consumption in girls; whereas sleep duration, and potentially restless sleep,
were associated with SSB intake in boys. Results should be replicated longitudinally in larger
cohorts using comprehensive dietary and objective sleep assessments.
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Lay Summary
Sleep deficits, which includes social jetlag, restless sleep, and short sleep duration, are
very common among adolescents due to development-specific late sleep timing, academic, and
social needs. Sleep deficits may be associated with unhealthy dietary behaviours such as frequent
sugar-sweetened beverages (SSB), which is closely linked to poor health outcomes. This
research aimed to examine the links between sleep deficits and SSB consumption by gender. A
total of 1031 British Columbia adolescents self-reported their usual sleep times, weekly restless
sleep occurrence, weekly SSB consumption frequency, and socio-demographic characteristics.
Results indicated that more girls suffer from sleep deficits than boys, but boys drink SSB more
frequently than girls. While social jetlag is associated with frequent SSB consumption in girls,
shorter sleep duration and potentially restless sleep are associated with frequent SSB
consumption in boys only. More longitudinal research is needed to confirm the findings and
determine if the links are causal.

v

Preface
This thesis was prepared by the author, Kexin Zhang, under the direction and supervision
of Dr. Annalijn Conklin, in partial fulfillment of the requirement for the degree of Master of
Science in Human Nutrition. Dr. Conklin was involved in all parts of this research project and
provided feedback on the proposal, manuscript, and thesis drafts. Dr. Jennifer Black, Food,
Nutrition & Health Program, served as the co-supervisor, and Dr. Martin Guhn, School of
Population and Public Health, served as the supervisory committee member. Dr. Black and Dr.
Guhn also provided feedback on the thesis proposal, manuscript, and thesis.
This thesis was part of a larger population-based study on gender-specific effect of social
and sleep-related stressors on adolescents’ cardiovascular diseases risk factors, which was
developed by Dr. Conklin. This research investigated the association between sleep deficits and
sugary drink intake as one of the CVD risk factors in British Columbia (BC) adolescents. The
thesis involved secondary data analysis using an established dataset BASUS which was
originally set up by Dr. Chris Richardson, School of Population and Public Health. The author
therefore contributed to literature review, data exploration, data cleaning, statistical analysis,
interpretation of results, conference abstract and manuscript writing for this thesis. This study
was approved by the University of British Columbia (UBC) Behavioural Research Ethics Board
(H19-02891).
The results of Chapter 3 have been shared in the 2021 Faculty of Land and Food System
Graduate Student Conference, and the abstract was accepted to the 2021 Canadian Sleep Society
Conference.
A version of Chapter 4 has been submitted for publication: Zhang K, Black J, Guhn M,
Conklin A. Social jetlag: a gender-specific correlate of sugary drink intake in Canadian
vi

adolescents (invited to revise and resubmit). The authorship of this manuscript is described as
follows: concept and design: KZ, AC; data analysis: KZ; drafting of the manuscript: KZ, AC;
editing, revision, and data interpretation: KZ, AC, JB, MG.
The results of Chapter 4 have been shared in the following conferences: The 6th Annual
Women’s Health Research Symposium; The 2021 Canadian Population Society Annual Meeting;
The 8th Conference on Recent Advances in the Prevention and Treatment of Childhood and
Adolescent Obesity: Bridging Silos.
A version of Chapter 5 is currently being prepared for manuscript submission: The
associations of restless sleep and sleep duration with sugary drink intake among adolescents: a
focus on gender. I am responsible for data analysis, drafting of the manuscript, and interpretation
of the results.

vii

Table of Contents
Abstract......................................................................................................................................... iii
Lay Summary .................................................................................................................................v
Preface ........................................................................................................................................... vi
Table of Contents ....................................................................................................................... viii
List of Tables .............................................................................................................................. xiii
List of Figures ............................................................................................................................. xiv
List of Abbreviations ...................................................................................................................xv
Acknowledgements .................................................................................................................... xvi
Dedication .................................................................................................................................. xvii
Chapter 1: Introduction ............................................................................................................... 1
1.1

Background ..................................................................................................................... 1

1.2

Overall and specific aims ................................................................................................ 3

1.3

The BASUS cohort ......................................................................................................... 4

Chapter 2: Literature Review ...................................................................................................... 6
2.1

Why adolescence matter? ............................................................................................... 6
2.1.1

Definition and measurements of adolescence ............................................................. 6

2.1.2

Importance, vulnerability, and challenges of adolescence.......................................... 7

2.2

2.3

Importance of Sleep Deficits and Habits ...................................................................... 10
2.2.1

Sleep deficits in timing ............................................................................................. 10

2.2.2

Sleep deficits in quality ............................................................................................. 12

2.2.3

Sleep deficits in quantity ........................................................................................... 13
Sugar-sweetened beverages (SSB) consumption among adolescents .......................... 15
viii

2.3.1

Definition and prevalence of SSB in Canada ........................................................... 15

2.3.2

SSB and Obesity ....................................................................................................... 16

2.3.3

SSB and Other Health Impacts ................................................................................. 17

2.3.4

Measurement of SSB intakes .................................................................................... 19

2.4

Associations between sleep deficits and sugar-sweetened beverages consumption ..... 20

2.5

Conceptual framework .................................................................................................. 21

Chapter 3: Prevalences of sleep deficits and SSB consumption in BC adolescents by gender
....................................................................................................................................................... 24
3.1

Introduction ................................................................................................................... 24

3.2

Methods......................................................................................................................... 26
3.2.1

Study sample ............................................................................................................. 26

3.2.2

Sleep deficits ............................................................................................................. 26

3.2.3

SSB consumption ...................................................................................................... 27

3.2.4

Socio-demographic and health characteristics .......................................................... 28

3.2.5

Statistical Analysis .................................................................................................... 29

3.3

Results ........................................................................................................................... 30
3.3.1

Socio-demographic and health characteristics .......................................................... 30

3.3.2

The prevalences of sleep deficits in adolescents in BC ............................................ 33

3.3.3

The prevalence of SSB consumption in adolescents in BC ...................................... 36

3.4

Discussion ..................................................................................................................... 37

3.5

Conclusion .................................................................................................................... 42

Chapter 4: Gender-specific associations between social jetlag and SSB consumption in
adolescents ................................................................................................................................... 43
ix

4.1

Introduction ................................................................................................................... 43

4.2

Methods......................................................................................................................... 45
4.2.1

Sample Population .................................................................................................... 45

4.2.2

Social jetlag ............................................................................................................... 45

4.2.3

SSB consumption ...................................................................................................... 46

4.2.4

Covariables ............................................................................................................... 46

4.2.5

Statistical Analysis .................................................................................................... 47

4.3

Results ........................................................................................................................... 48
4.3.1

Socio-demographic and health characteristics .......................................................... 48

4.3.2

Overall associations between social jetlag and SSB consumption for boys and girls

combined ............................................................................................................................... 52
4.3.3

Gender-specific associations between social jetlag and SSB consumption .............. 52

4.4

Discussion ..................................................................................................................... 55

4.5

Conclusion .................................................................................................................... 58

Chapter 5: Gender-specific associations of restless sleep and short sleep with SSB
consumption in adolescents ........................................................................................................ 60
5.1

Introduction ................................................................................................................... 60

5.2

Methods......................................................................................................................... 63
5.2.1

Sample population .................................................................................................... 63

5.2.2

Exposure variables – restless sleep and sleep duration ............................................. 63

5.2.3

Outcome variable – SSB consumption ..................................................................... 63

5.2.4

Covariables ............................................................................................................... 64

5.2.5

Statistical analysis ..................................................................................................... 65
x

5.3

Results ........................................................................................................................... 66
5.3.1

Demographic characteristics ..................................................................................... 66

5.3.2

Gender-specific associations between restless sleep and SSB consumption ............ 70

5.3.3

Gender-specific associations between sleep duration and SSB consumption .......... 72

5.4

Discussion ..................................................................................................................... 74

5.5

Conclusion .................................................................................................................... 78

Chapter 6: Discussion and Conclusion ..................................................................................... 79
6.1

Summary of findings..................................................................................................... 79

6.2

Gender-specific patterns ............................................................................................... 80

6.3

Significance of findings ................................................................................................ 82
6.3.1

Delaying school start time ........................................................................................ 83

6.3.2

School-based sleep hygiene education...................................................................... 84

6.3.3

Supporting BC provincial soda tax ........................................................................... 84

6.3.4

Mental health support for adolescents ...................................................................... 85

6.4

Strengths and limitations............................................................................................... 86

6.5

Future research direction............................................................................................... 87

6.6

Conclusion .................................................................................................................... 88

Bibliography .................................................................................................................................89
Appendices ..................................................................................................................................114
Appendix A ........................................................................................................................ 114
A.1

Sensitivity analysis of the association between social jetlag and odds of SSB intakes

overall in the BASUS Cohort (N = 1031) ........................................................................... 114

xi

A.2

Sensitivity analysis of the association between social jetlag and odds of SSB intakes

in girls in the BASUS Cohort (N = 1031) ........................................................................... 115
A.3

Sensitivity analysis of the association between social jetlag and odds of SSB intakes

in boys in the BASUS Cohort (N = 1031) .......................................................................... 116
Appendix B......................................................................................................................... 117
B.1

Sensitivity analysis of the association between level of restless sleep and odds of

SSB intakes overall in the BASUS Cohort (N = 1031) ....................................................... 117
B.2

Sensitivity analysis of the association between level of restless sleep and odds of

SSB intakes in girls in the BASUS Cohort (N = 1031) ...................................................... 118
B.3

Sensitivity analysis of the association between level of restless sleep and odds of

SSB intakes in boys in the BASUS Cohort (N = 1031) ...................................................... 119
B.4

Sensitivity analysis of the association between every one hour increase in sleep

duration and odds of SSB intakes overall, and by gender, in the BASUS Cohort (N =
1031)……………………………………………………………………………………….120
Appendix C ........................................................................................................................ 121
C.1

The associations between SSB consumption and levels of restless sleep for small

sample subgroups in the BASUS Cohort (N = 1031), using Firth’s Penalized Likelihood
method ……………………………………………………………………………………..121

xii

List of Tables
Table 3.1 Socio-demographic and health characteristics of adolescents in the BASUS cohort,
overall and by gender (N=1031) ................................................................................................... 32
Table 3.2 Descriptive results for sleep deficits by gender (N=1031) ........................................... 33
Table 3.3 The gender differences in the prevalence of SSB consumption (N=1031) .................. 37
Table 4.1 Socio-demographic and health characteristics of adolescents in the BASUS cohort
(Wave 6, Spring 2012) by levels of social jetlag by gender (N = 1031) ...................................... 50
Table 4.2 The associations between three measures of SSB consumption and levels of social
jetlag overall, girls and boys in the BASUS Cohort (N = 1031) .................................................. 54
Table 5.1 Socio-demographic and health characteristics of adolescents in the BASUS cohort
(Wave 6, Spring 2012) by levels of restless sleep by gender (N = 1031)..................................... 68
Table 5.2 The associations between three measures of SSB consumption and levels of restless
sleep overall, and by gender in the BASUS Cohort (N = 1031) ................................................... 71
Table 5.3 The associations between three measures of SSB consumption and every one hour
increase in sleep duration on weekdays overall, girls and boys in the BASUS Cohort (N = 1031)
....................................................................................................................................................... 73

xiii

List of Figures
Figure 2.1 Potential mechanisms driving the relationship between poor sleep and increased
obesity risk in adolescence. (Source: Duraccio et al., 2019)(135) .................................................. 22
Figure 2.2 Adapted conceptual framework from Duraccio et al. (2019) ...................................... 23
Figure 3.1 Social Jetlag distribution by gender (N=1031)............................................................ 34
Figure 3.2 Weekly restless sleep occurrence by gender (N=1031) .............................................. 35
Figure 3.3 Weekday sleep duration by gender (N=1031) ............................................................. 36
Figure 3.4 SSB consumption by gender (N=1031) ....................................................................... 37

xiv

List of Abbreviations
BC

British Columbia

BMI

Body Mass Index

CCHS-Nut

Canadian Community Health Survey – Nutrition

CESD

Centre for Epidemiological Studies Depression Scale

CHMS

Canadian Health Measures Survey

FFQ

Food Frequency Questionnaire

HPA

Hypothalamic-Pituitary-Adrenal

MVPA

Moderate-to-vigorous Physical Activity

OR

Odds Ratio

PDS

Pubertal Development Scale

PSQI

Pittsburgh Sleep Quality Index

SD

Standard Deviation

SSBs

Sugar-sweetened Beverages

UBC

University of British Columbia

WHO

World Health Organization

xv

Acknowledgements
This thesis could not have been accomplished without the insights and guidance of many
people. Foremost, I would like to express my deepest appreciation to my supervisor, Dr.
Annalijn Conklin, who supported and guided me through every step of this journey. This work
would not be possible without your encouragement, dedication, and insightful feedback that
greatly contributed to the quality of this thesis and manuscripts. Your vision and enthusiasm for
research has inspired me deeply.
I would also like to acknowledge my committee members, Dr. Jennifer Black and Dr.
Martin Guhn, for providing thoughtful comments and suggestions on my proposal, manuscripts,
and thesis that truly helped with strengthening my work. I greatly appreciate the time and effort
that both of you offered.
I owe particular thanks to my colleague and also my friend, Hadis Mozaffari, for
supporting me both academically and personally. I feel lucky to have you throughout my time at
UBC, and I have been greatly benefited from your research expertise and ideas. It is important to
understand that more than half of the time of my master’s program was during the COVID-19
pandemic. It has been indeed a difficult time for all of us and has been affecting us both
physically and mentally. I would like to express my sincere gratitude to all of you, my
supervisor, committee members, colleagues, and friends, for supporting my study at UBC under
this special circumstance.
Lastly, I would like to thank my family for their unwavering supports throughout my
years of education.

xvi

Dedication
Dedicated to my mother,
Ping.

xvii

Chapter 1: Introduction
1.1

Background
The adolescent developmental period is known to be crucial for physical and mental

development, as well as for addressing risk factors, in order to promote better health outcomes
later in life.(1,2) With pubertal changes, social stress, and academic pressure, adolescents are
facing unique challenges and risks that may potentially influence their future health status.(2)
Among adolescents, sleep is an important factor that can impact their physical and
mental health status, development, and eating behaviours (3–5), and sleep deficits can be developed
via social jetlag, poor sleep quality, and sleep deprivation.(6) Researchers have discovered that
adolescents have the latest chronotype than any other age group.(7) Chronotype represents a
person’s natural circadian clocks and sleeping patterns on free days, and it has its unique
characteristics that can be influenced by environmental signals such as light and dietary
habits.(6),(8) In humans, chronotype often refers to ‘morning larks’ for people who prefer getting
up early in the morning or ‘night owls’ for people who naturally tend to stay up late at night.(9)
Social jetlag describes the discrepancy of sleep timing (chronotype) between one’s biologically
determined and socially determined sleep schedules.(6) This concept was introduced based on the
fact that many people in our society shift their sleep and wake up schedule several hours between
workdays and free days, and this will lead to chronic sleep loss.(6) According to a European study
in 2012, one-third of the general population in Germany and Switzerland (age range: 10 to >65
years) suffers from 2 hours or more of social jetlag, and 69% with at least 1 hour of social
jetlag.(10)
Poor sleep quality and short sleep duration are also common among Canadian
adolescents.(11,12) A study that used the Canadian Health Measures Survey (CHMS) found that
1

among 14-17 year-old adolescents, more than 40% of them reported having trouble going to
sleep or staying asleep, and more than 30% of them had difficulties staying awake during the day
‘sometimes’ to ‘all of the time’.(12) The recommended sleep duration for adolescents (14-17
years), based on the recent report from the National Sleep Foundation, is 8-10 hours per 24-hour
day.(13) In Canada, the average sleep duration among adolescents is about 8.5 hours per night for
both genders with a weak gender difference, and approximately 26% of them are short sleepers
(less than 8 hours).(14) However, among 16-17 year-olds, about 43% of adolescents do not meet
the recommended sleep duration on weekdays.(14)
Several studies on children and teenagers found that poor sleep may be associated with
unhealthy dietary behaviours such as frequent sugar-sweetened beverages consumption
(SSBs).(3,11,15) SSBs include beverages that are sweetened with various forms of sugar such as
high-fructose corn syrup, brown sugar, dextrose, sucrose, etc., and some examples are soda/pop,
fruit juices, soft drinks, energy drinks, and sweetened water and coffee/tea.(16) The prevalence of
drinking SSBs in Canada remains high in adolescents’ daily dietary intake and boys tend to
consume more than girls.(17) Based on the 2015 Canadian Community Health Survey-Nutrition
(CCHS-Nut) data, adolescent boys (162 grams/day) aged 14 to 18 years old on average consume
twice as many soft drinks as girls (80 grams/day).(17) Numerous studies have shown that SSBs
are associated with obesity, type 2 diabetes, bone fractures, dental caries, and other health
problems in children and adolescents.(18–20)
Regarding the potential and harmful effects of SSBs on adolescents, many countries and
states suggest an SSB tax and some places have even implemented and observed improved
outcomes of reducing SSB consumption.(21,22) A systematic review shows that implementing a
tax on SSBs significantly influences planned purchase and thus potentially reduce calorie and
2

sugar intake.(23) In British Columbia (BC), a 7% provincial sales tax on all carbonated beverages
that have sugar, natural or artificial sweeteners was announced in February 2020, with an aim to
reduce the consumption of SSBs.(24) It shows that Canada is starting to focus more on SSB
consumption and factors associated with it to promote health-related policies that can decrease
risk factors of youth health.
Many epidemiological studies have examined the association between sleep duration and
dietary intake/eating habits in children and adults.(3,25–35) However, to my knowledge, very
limited research has focused on the association between social jetlag and SSBs, and no study has
examined sleep deficits and SSB consumption in BC adolescents. In addition, many studies only
examined soft drinks and did not include a comprehensive list of SSBs, which could potentially
lead to an underestimation of actual consumption. Moreover, most studies did not focus on
gender-specific associations. Since adolescence is characterized by its unique pubertal
maturation stages, the strength of the associations may be different between girls and boys. It is
crucial to understand the gender-specific associations of sleep deficits on SSB consumption
based on BC adolescents’ lifestyles in order to further address adverse health effects such as type
2 diabetes caused by high intakes of SSBs.(36) It is also a necessary step to support relevant
public health policies on sleep hygiene education, delaying school start time, and taxation of
SSBs in BC.

1.2

Overall and specific aims
In this thesis, I have three specific objectives that I want to address. I examined these

objectives together by three types of sleep deficits.
Objective 1: To describe the level of sleep deficits and SSB intakes in BC teenagers.
3

Hypothesis 1: High prevalence of social jetlag, poor sleep quality, sleep deprivation, and
SSB consumption in adolescents in BC will be observed.
Objective 2: To determine the association between sleep deficits and consumption of SSBs
in BC teenagers.
Hypothesis 2: Social jetlag, poor sleep quality, and shorter sleep duration will be
independently associated with higher consumption of SSBs in BC teenagers.
Objective 3: To explore gender-specific associations of the associations between sleep
deficits and SSB intakes in BC teenagers.
Hypothesis 3: Girls may be more vulnerable and may show stronger associations in sleep
deficits and SSB consumption associations than boys because of the effects of pubertal
maturation timing.

1.3

The BASUS cohort
This thesis used data from an established cohort of 3170 ethnically diverse youth (13-18

years, 53% of girls and 47% of boys) from 86 high schools across the province, called BASUS
(BC Adolescent Substance Use Survey). The BASUS study, which was funded by the Canadian
Institutes of Health Research (CIHR), involved approvals from all School District and individual
Secondary School Administrators. By collaborating with schools, participants were recruited
through school announcements, newspapers, posters, and printed take-home materials. All
participants were given a brief presentation and information packages that contained unique
identification code to use on the survey website. Consent from both participants as well as their
parental written consent were acquired through passive consent procedure.

4

Students were able to complete the survey on their own during their free time (most sites)
or in class if schools allowed.(37) The validated questionnaires included self-reported
psychosocial, health, lifestyle, and environmental factors associated with substance use. All
participants received a $25 gift card for each wave they participated. A total of 7 waves of data
were collected and online surveys were administered biannually: once in the Fall (from October
2009 to December 2012) and once in the Spring (April 2010 to June 2012).(38) Follow-ups were
distributed through email, Facebook, text, and letters. The school-specific response rates were
between 2% to 100%, with an average of 20%. The BASUS study and procedure were approved
by the University of British Columbia (UBC) Behavioural Research Ethics Board (BREB) (H0802841).
This thesis focused on BASUS Wave 6 (Spring 2012 data collection), which provided
self-reported data on sleep times, weekly restless sleep occurrence, SSB intakes, and other key
socio-demographic characteristics. My analytical sample included all eligible participants with
completed questions on sleep, SSB intakes, and key socio-demographic covariables (N=1031).
This secondary data analysis ethics was approved by UBC BREB (H19-02891).

5

Chapter 2: Literature Review
In this chapter, I will provide a summary and overview of the evidence that is in the
current literature to outline the significance of sleep deficits and SSB intakes in adolescents as
well as research gaps under this topic. This chapter consists of five sections, and each section
addresses a different aspect of my research topic. I will start by defining and identifying the
importance of adolescence, their vulnerability, and challenges during this period from both
biological and social perspectives. The next section will focus on the importance of sleep deficits
and habits. I will define different types of sleep (duration, timing, quality) and measurement
strategies in the literature. I will then highlight the associations between poor sleep and adverse
health outcomes. In the third section, I will introduce and define SSBs and the prevalence of SSB
consumption in Canada, specifically in adolescents and their gender differences. I will also
discuss the potentially harmful effects of frequent SSB consumption and different measurement
tools available in the current literature. The fourth section will summarize the evidence of the
relationship between sleep deficits and SSB intakes, identify the research gaps, and how my
research will fill the gaps in this field. The final section is focusing on the conceptual framework.
I will integrate existing findings and provide an adapted conceptual framework to map out my
research and to recognize how my work will fit within this framework.

2.1
2.1.1

Why adolescence matter?
Definition and measurements of adolescence
Adolescence is a transition state that is undergoing rapid development between childhood

and adulthood. There is no single definition to define this period due to the different purposes of
use, but age is the most convenient indicator for most situations and studies. The World Health
6

Organization (WHO) defines adolescence using age as between 10 – 19 years old.(39) In Canada,
adolescents are defined by the ages between 12 to 18 years old based on the Youth Criminal
Justice Act.(40) However, to understand adolescents’ behaviours that are linked with biology,
chronological age may not be the best indicator of the development since maturation timing
varies between individuals and genders, and girls normally start pubertal maturation earlier than
boys.(1,41–43) Instead, the assessment of pubertal maturation based on physical development may
be a more precise measurement.
A well-known pubertal development assessment tool developed by Tanner used medical
screening to convert different stages of physical signs into a 5-point sexual maturation scale,
which has been shown to be used in health research.(44,45) In addition to the Tanner scale which
has to be done by a trained clinician, an interview-based self-reported pubertal development
scale (PDS) was developed by Petersen to support the scenario when clinical observations cannot
be done privately or when there is lack of a trained clinician.(42) Another form of assessment that
is similar to Petersen’s PDS, which was developed by Carskadon, further supports the research
method that does not involve in-person interviews.(46) This form of assessment can be used in
self-administered questionnaires that is completed online or in class, and also has been widely
used for sleep-related research.(47–49) In this thesis, the Carskadon’s method of assessment was
used to estimate pubertal development.

2.1.2

Importance, vulnerability, and challenges of adolescence
As one of the most important developmental phases in the human lifespan, adolescence

has been receiving attention in research from all aspects including behavioural, cognitive, and
social wellness. Adolescence is the time for pubertal changes and transitioning into adulthood.
7

They are particularly vulnerable not only due to physical and hormonal changes but also due to
the sensitivity of brain development and its interaction with the environment.(1) The genderspecific impact in psychological changes is also quite different. Christie et al. (2005) revealed
that during early puberty, girls experience lower self-esteem compared with boys, and then lower
self-esteem in boys during late puberty.(2) The changes in the social environment are also
particularly important to adolescents as they are transitioning to secondary schools, adapting to a
new environment and new peers.(50) During this transition, various challenges are expected such
as developing self-identity and sexual identity, developing intimate relationships, and
establishing emotional, personal, and financial independence.(2) These challenges can have a
long-lasting impact on their development and health.
It was demonstrated that adolescence is associated with increased risk-taking behaviours
and the tendency of substance use.(2,51,52) Based on a WHO report, violence, HIV/AIDS, early
pregnancy, alcohol, drugs, and tobacco use are some major concerns among adolescents, and
these also contribute to substantial premature death and preventable diseases. (53) Although many
interventions targeting adolescents’ health and behaviours have been implemented during past
decades, the prevalence of risk-taking behaviours is still high.(54) The potential pathways involve
the effect of pubertal maturation during the transition into adulthood and neuro-cognitive
changes that increase the reward system in the brain, especially when there is peer influence
present.(52)
Adolescents are also experiencing an increased conflict between biological and social
timing, which can lead to chronic sleep loss.(6) Many adolescents suffer from sleep deprivation
and one of the causes is late bedtime.(55) They tend to have later bedtime regardless of whether
there is school or work the next morning, and they may utilize the evening time to engage in
8

more television time, media use or late-night social opportunities.(56,57) Since most schools start
early in the morning, adolescents who usually go to bed late have shortened sleep duration
during school days, which leads to accumulated sleep debt (sleep deficit) during school days that
will need to be compensated during free days.(6) Thus, the adolescents may have different sleep
timing during school days and free days. This discrepancy between the sleep timing on school
days and free days is called ‘social jetlag’(6), and research has shown that social jetlag is greatest
among adolescence and then decreases as adolescents transition into adulthood. (7) In addition,
there are likely also gender differences in social jetlag as teenager girls and adult women tend to
have higher social jetlag compared to teenager boys and adult men.(58,59)
Another challenge with adolescence is that the prevalence of overweight and obesity is
still high in Canada, and type 2 diabetes is also a concern.(60) For childhood obesity in Canada,
27% of children were overweight and obese in 1978 compared to 30% in 2017 with a peak of
35% in 2004.(61) Although type 2 diabetes is rare in adolescents, it is still important to understand
that efforts are needed to prevent the development of type 2 diabetes which includes improve
sleep health and reduce SSB consumption.(62) It is concerning that the prevalence of type 2
diabetes in adolescents is increasing worldwide, particularly among obese pediatric population,
compared to two decades ago when it was exclusively an adult-onset condition.(63) Adolescents
with type 2 diabetes have an increased risk of developing many health complications such as
cardiovascular diseases, kidney damage, retinopathy, and hypertension.(62) Since these
complications are known to be more aggressive for people when diabetes is diagnosed at earlier
ages, it is worth paying more attention to adolescents population in prevention of type 2
diabetes.(64)
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With the evidence presented above, current adolescents are facing greater challenges than
other age groups as they are going through this particular period. Their rapid development is
crucial and fundamental for their future health. Various challenges from family, schools, friends
can increase the uncertainty of their outcomes, thus it is important to understand how behaviours
can affect development and health outcomes and how we can address these issues. In this thesis,
the associations between sleep deficits and consumption of SSBs among adolescents will be
discussed in detail, and previous evidence will be discussed to understand the potential
relationship between these factors.

2.2
2.2.1

Importance of Sleep Deficits and Habits
Sleep deficits in timing
In adolescence, sleep is crucial for physical and mental development. Sleep deficits can

be divided into three types: poor sleep timing and quality, and short sleep duration. The sleep
deficits in timing was studied using a more novel measure – social jetlag. Social jetlag describes
the mismatch between biological and socially determined sleep timing, and it is closely related to
chronotype and circadian rhythms.(6) The rhythms are present in nearly all organisms and are
influenced by the natural shift of day and night.(65) The determinants of one’s chronotype and
circadian properties come from genetic factors, environment, and age.(65) Adolescence is the
period that has the latest chronotype compared with young children and adults, and girls tend to
develop late chronotype earlier than boys.(7) This means that they may go to bed later than
before, but an early school start time during weekdays requires them to get up early. Therefore,
for adolescents, there is a greater conflict between their biology determined late sleep timing and
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their school schedule. Because of this conflict, adolescents may choose to compensate for their
sleep loss accumulated during weekdays by sleeping more over the weekend.(6)
The differences between sleep timing on weekdays and weekends represent the amount
of social jetlag, and it can capture both the chronotype and sleep debt accumulated throughout
the week. It is greatest among people who have late chronotype or evening sleep preferences.(10)
Based on a European study, more than two-thirds of the general population have more than 1
hour of social jetlag, and one-third of the population have more than 2 hours of social jetlag.(10)
Another study conducted in New Jersey shows that their high school students have on average
1.3 hours of social jetlag, and girls have an average of 0.59 hour higher social jetlag than
boys.(58)
Social jetlag is also associated with many adverse health outcomes and behaviours. Islam
et al. (2018) found that for people who have more than 2 hours of social jetlag, the odds of
having metabolic syndrome is two times the odds of people with less than 1 hour of social jetlag
adjusted for potential confounders such as age, sex, physical activity, smoking, etc. (66) In
addition, higher social jetlag is also found to be positively associated with BMI z-score and
waist-to-height ratios among adolescents, which potentially lead to overweight and obesity. (58)
Many studies indicate that social jetlag is inversely associated with healthy dietary patterns, such
that higher social jetlag is related to lower fruit, salad, tea, fish, and nuts intake and higher soft
drink and alcohol intakes.(11,67) Since unhealthy eating behaviours (characterized by consumption
of energy-dense food, SSBs and high fat food) are closely linked to overweight and obesity(68),
social jetlag may increase the risk of obesity through the mediation of unhealthy diets. (26)
However, the specific mechanism in this relationship is still unclear. (69,70)
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The calculation of social jetlag is the absolute difference between the mid-point of sleep
on weekends and mid-point of sleep on weekdays.(6) However, in some studies, the calculation of
social jetlag is corrected to eliminate the sleep debt accumulated over the weekdays and only
capture the sleep timing.(71) In this thesis, the calculation of social jetlag is based on the
uncorrected formula and is intended to capture both sleep debt and sleep timing according to the
definition of social jetlag that was proposed by Wittmann et al. (2006).

2.2.2

Sleep deficits in quality
Poor sleep quality is another important aspect of sleep deficits. The National Sleep

Foundation has reported some key features of good sleep quality: short sleep latency (<15 mins)
(time spent to transit from wake to sleep), 1 or less awakening (number of awakenings during
sleep that last more than 5 mins), <20 mins of wake after sleep onset (total amount of time spent
awake after initiation of sleep and before getting up), and more than 85% sleep efficiency (ratio
of total bedtime to time spend in bed).(72) For adolescents, an example of good sleep quality is
thought to include a nap per day that does not exceed 20 mins.(72) Compared to short sleep
duration, poor sleep quality is thought to be more closely linked to our health status and daytime
sleepiness.(73)
Research has shown that poor sleep quality is again associated with overweight and
obesity.(74–76) Poor sleep quality is considered as a key risk factor for pediatric obesity;(77) and it
is also associated with impaired brain functions and cognitive regulations which potentially lead
to risk-taking behaviours and poor school performance in adolescents.(78,79) In addition, many
factors can influence sleep quality, such as screen time and consumption of energy drinks, but
more longitudinal studies are needed to examine the causation.(80–82)
12

The most common self-perceived measurement of sleep quality is the Pittsburgh Sleep
Quality Index (PSQI) because it covers a wide range of sleep quality indicators.(83) In this thesis,
the survey question that is used for assessing sleep quality comes from the validated Center for
Epidemiologic Studies – Depression (CESD) survey that is a useful method to evaluate
depression for the general population.(84) The CESD question assesses sleep restlessness (i.e.
difficulty falling asleep or difficulty staying asleep) during the past week, and the response
options range from rarely or none to most or all of the time. This question is found to be highly
correlated with the PSQI score (r = 0.69) among breast cancer patient populations, suggesting the
CESD question on sleep disturbances is a useful indicator of self-perceived sleep quality.(85)

2.2.3

Sleep deficits in quantity
Short sleep duration is most commonly measured in current literature. Insufficient sleep

duration not only affects adolescents’ academic performance(79), but chronic sleep loss also has
long-term effects on their eating behaviours;(86) physical health;(87) and mental health.(88)
Although more research is needed in certain inconclusive areas such as the effect of sleep on
dietary intake, sleep duration is indeed a key player in adolescent development.(86)
The National Sleep Foundation recommends adolescents to sleep 8 – 10 hours per night
to achieve optimal health and well-being, but a recent Canadian study showed that about twothirds of the adolescents in Ontario did not meet the recommendation.(13,89) In Canada, there is a
need to establish sleep education programs for youth at school to promote good sleep hygiene
and prevent adverse health effects. However, a study found that there are multiple barriers to
implement sleep education such as lack of instructional practices and curriculum design
training.(90)
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The common measurement methods of sleep duration are subjective measures such as
self-reported sleep time questions and sleep diaries, and objective measures such as the use of
actigraphy which is a device that participants can ware on the wrist to track their sleep timing,
quality, and duration. As technology progresses, the accuracy and sensitivity of actigraphy have
improved significantly, and many studies have used these devices as a more accurate tool
compared to self-reported data.(91) For subjective measures, different ways of data collection are
observed in the literature. For example, sleep diary is often used in addition to actigraphy to
collect information on sleep schedule and subjective sleep quality, and there are also selfreported questionnaires that ask participants the usual weekday and weekend bedtime and wake
time.(92,93) Similar questions asked participants to record total sleep duration excluding resting
time in bed for weekdays and weekends.(94) The advantages of subjective measures are that they
are inexpensive and convenient, but they are less accurate than actigraphy and prone to biases.(91)
However, sleep questionnaires can provide a general measure of sleep and are very commonly
used in many studies as well as sleep centres.(95) Especially for a population-based study, the use
of actigraphy could be difficult to implement and so survey questions are common. As this
research uses population-based cohort data, the sleep-related data came from subjective
measures, and the questions asking the participants were usual bedtime and wake up time on
both school days and weekends. Information on wakeup times and bedtimes allowed for the
assessment of sleep duration.
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2.3
2.3.1

Sugar-sweetened beverages (SSB) consumption among adolescents
Definition and prevalence of SSB in Canada
SSBs have no single definition. Some definitions only include soft drinks, sweetened fruit

drinks, energy drinks, and coffee and tea drinks, but others refer to any beverages with added
caloric sugar.(96) Based on the 2019 Canada’s Food Guide, SSBs include alcoholic beverages in
addition to iced tea, soft drinks, fruit juices, sports and energy drinks, and beverages with added
sugar.(97) Examples of SSBs include regular soda, fruit drink, sweetened coffee and tea, energy
drink, sports drink, etc. Natural fruit juices without any added sugar and diet soft drinks are
excluded in this definition as they do not have any added caloric sugar.
However, the SSB definition for taxation purpose usually varies quite differently. For
example, the SSB tax that is implemented in some US cities usually excludes milk-based
beverages and alcoholic beverages.(98) Saudi Arabia and the United Arab Emirates implemented
SSB tax only for soft drinks and energy drinks, and Catalonia in Spain included sweetened milk
drinks but excluded natural fruit juices and yogurts.(99,100) Recently, the BC government
implemented a 7% Provincial sales tax on all carbonated beverages that contain caloric sugar,
natural and artificial sweeteners.(24) However, other sugary drinks such as sweetened fruit juices,
energy drink, and sports drinks are excluded in this implementation.
The prevalence of SSB consumption has decreased since 2004 in Canada , but SSBs still
contribute to the highest percent of total energy intake compared to other sources such as 100%
juices and milk, and the consumption of SSBs among adolescents still remains high. (16) Based on
the 2015 CCHS-Nut data, the daily per capita SSB volume consumption for adolescents aged 9 –
18 years old ranked second in all age groups (302.7 ml), and adults aged 19 – 30 ranked first
(327.1 ml).(16) It was also found that among adolescents, regular soft drink was the top source of
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their total sugar consumption.(101) Therefore, SSB intakes, especially for soft drink consumption,
are of concern for adolescent health.
In Canada, the geographic area, gender, and ethnicity also play a role in SSB
consumption. For residents in BC, the average SSB consumption is lowest compared to other
provinces with an average daily per capita SSB consumption of 148.1 ml compared to the
highest province Manitoba with 249.5 ml daily per capita.(16) Also, there is a gender difference in
SSB intakes such that boys tend to consume more than girls overall, regardless of age. For
Canadian adolescents aged 14 – 18 years old, 29.8% of boys drink regular soft drinks compared
with 20.8% for girls.(17) This finding is consistent with other studies in the US.(102,103) Moreover,
the Indigenous population has a higher amount of SSB consumption (303.4 ml per day per
capita) compared to other ethnic groups (White: 203.9 ml, Chinese: 116.4 ml, South Asian:
197.4 ml, Black: 221.7 ml, Others: 206.8 ml per day per capita).(16)

2.3.2

SSB and Obesity
Based on Statistics Canada, over 50% of the Canadian adults were either overweight or

obese, and obesity rate (27%) remains stable during the past decade.(104) Among children and
adolescents aged 3 – 19 years in Canada, the prevalence of overweight and obese declined from
30.7% in 2004 to 27.0% in 2013, but the obesity rate remains at 13%.(105) Epidemiological
evidence found a significant association between intakes of SSB and increased zBMI such that
each additional SSB intake occurrence per day is associated with 0.015 unit higher in zBMI
score (p<0.01).(68) The researchers from the University of Waterloo has predicted that SSB
intakes can lead to more than 650 thousand cases of overweight and over 2 million cases of
obesity across all age groups in the next 25 years in Canada.(106)
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However, a few articles found weak to no associations between SSB intakes and obesity
in adolescent population.(107–109) In addition, more than half of the current evidence lacks
rigorous methodology that weakens the results according to a review paper.(110) The complex
study designs and different dietary measures could contribute to the inconsistent findings around
this topic.(108,110,111)
The physiological mechanisms involving dietary behaviour and obesity tend to be
complex as dietary behaviour is closely linked with many other factors such as physical activity
level.(110) SSBs are known to contain a high level of added sugar which leads to excess empty
calorie intake and weight gain.(20,109) In addition, SSB intakes are also associated with low satiety
because liquids provide less complete energy than solid foods, and more solid foods may be
consumed during subsequent meals that lead to an overall excess of calorie intake. (19,112) Studies
have also found positive associations between SSB consumption and total energy intake, and
these provide evidence that adolescents who consume SSBs frequently did not reduce their
overall food consumption.(113,114)

2.3.3

SSB and Other Health Impacts
In addition to obesity, SSB consumption is also linked with type 2 diabetes, hypertension,

dental caries, bone fracture, gout, hyperuricemia, headache, mental disorders, and cardiovascular
diseases.(115,116) High sugar consumption increases the risk of inflammation and affects insulin
regulation and beta-cell function, which may eventually lead to type 2 diabetes and
hypertension.(36) Based on a meta-analysis of 11 prospective cohort studies, people who fall into
the highest group of SSB intakes show a 20% increased of risk in developing metabolic diseases
than those in the lowest group.(36)
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Dental caries is another critical issue in public health due to the high sugar content and
acidity of SSBs, especially for children and adolescents. A cross-sectional study that focused on
adolescents found that people who drank more than one cup of SSBs every day had higher odds
of dental issues than those who drank less than one cup of SSBs.(117) In addition, certain
microorganisms such as Streptococcus mutans and Lactobacillus are easier to grow under acid
conditions that are provided through SSB consumption, which eventually result in dental
caries.(115) Moreover, fracture is another potential consequence of high intakes of SSBs due to the
presence of phosphoric acid in soda that influences bone density.(118) Childhood and adolescence
are known to be very important for physical development, so the reduction in SSB intakes can be
an effective way to prevent dental caries and fracture.
SSBs are not only high in sugar content, but some type of SSBs such as energy drinks
and sports drinks are also high in caffeine. Caffeine is a very common stimulant that is present in
coffee, tea, soft drinks, energy drinks, etc. The effect of caffeine follows a dose-response pattern
such that lower doses can reduce anxiety and improve performance while high doses can lead to
tension, nervousness, and jitteriness.(119) A review article suggests that moderate caffeine
consumption (200 – 300 mg) for adolescents is considered safe, but more than 400 mg of
caffeine a day may lead to adverse effects.(120) Frequent high intakes of SSBs that contain
caffeine can be associated with many mental disorders and possibly substance use. (115) However,
more research is needed to better understand the underlying causes of how SSB intakes affect the
development of mental diseases and substance use.(120)
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2.3.4

Measurement of SSB intakes
A huge variety of assessment tools are available in the literature to estimate SSB

consumption. The common measurement tools are Food Frequency Questionnaires (FFQ), food
records, 24-hour recalls, interview by a dietitian, and isolated questions on questionnaires.(110)
Other types of questionnaires for assessing solely beverage intakes include Beverages and
Snacks Questionnaire, Brief Questionnaire to Assess Habitual Beverage Intake, 4-survey
questions, brief screener for beverage and fast food, and BRFSS SSB module.(107,121–124) The
validity of these methods is discussed in these studies, but the reliability for certain tests was not
consistent and the test-retest variation can range from < 0.5 to > 0.8.(125) It is also useful to know
that there are numerous different adaptations of different versions of the FFQ.(126) For adolescent
population, assessing dietary intake is challenging since they are experiencing rapid changes in
habits, and peer influence and increasing nutrition knowledge can also affect their SSB
intakes.(127) Therefore, based on the characteristics of the target population and study design,
different versions of assessment tools can be used. As described in a review paper, for
adolescents, estimated diet diary and 24-hour recall are recommended for prospective and
retrospective studies, respectively.(127)
In addition to these comprehensive dietary questionnaires such as FFQ listed above,
many studies also used a single question. For example, Cunningham et al. (2011) assessed SSB
intakes by asking ‘During the past 7 days, how many times did you drink soda pop (Examples:
Coke, Pepsi, Mountain Dew), sports drinks (Examples: Gatorade), or fruit drinks that are not
100% fruit juices (Examples: Kool-Aid, Hi-C, Fruitopia, Fruitworks)?’, and the response options
ranged from none to 4 or more times per day.(128) Some studies asked participants to manually
enter the number of times or number of bottles/tins instead of pre-determined options.(26,129)
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Moreover, the intake reference period also varies quite widely between studies. Some studies
were asking the usual intake per week, some were evaluating specific last week consumption,
and some were asking about daily consumption.(26,35,128–133) The strengths of these 1-question
surveys are that they are easy to implement and collect dietary data, and they can be readily used
for secondary data analysis. However, a key limitation is that a single question of SSB intakes
may not be very accurate compared to multi-question surveys. This was shown in a validation
study comparing a single question to a four-question survey: the average SSB consumption
assessed by one-question survey was 0.6 times/day and was 1.7 time/day by four-question survey
among adults, which means that the SSB intakes were likely under-estimated using one-question
survey.(124) In this thesis, SSB intakes was measured with a single question about habitual weekly
consumption as this was the dietary variable available in the dataset of the BC youth cohort.
Similar to this dataset, the National Adolescent Student Health Survey from Brazil also used a
single question to assess the sugar-sweetened soft drink intakes among their population.(134)

2.4

Associations between sleep deficits and sugar-sweetened beverages consumption
Many epidemiological studies have examined the association between sleep duration and

dietary intake/eating habits in children and adults.(3,25–35) Among these studies, they all included
soft drinks or caffeinated energy drinks in their dietary indicators. Their research has
conventionally looked at the relationship of SSB intakes on sleep duration and showed that
shorter sleep duration is associated with higher consumption of SSBs. Notably, Tatone-Tokuda
et al. (2012) only found such association in girls but not boys, but most other studies did not
assess gender differences.(29) This relationship could conceivably go in the other direction – SSB
intakes could influence sleep duration due to the presence of caffeine in SSBs. Grandner et al.
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(2014) indicated that the association is likely bi-directional because energy drink consumption
can be viewed as a way to cope with short sleep and energy drink will, in turn, affect sleep due to
caffeine content.(33)
Although these studies have looked at the sleep and SSB intakes relationship, there are
still large gaps in evidence. Most articles mentioned above are cross-sectional, so the causal
direction is still unclear and more longitudinal studies are required. In addition, for studies that
examined the dietary patterns and sleep, many of them only included soft drink intake instead of
all SSBs. Based on the SSB definition, regular soft drink is only one of many types of SSB
beverages, thus excluding other sources could potentially lead to under-estimation of the
consumption. Furthermore, most studies only examined sleep duration and quality, and only a
few studies have focused on sleep timing. No article has looked at the relationship between
social jetlag and SSB intakes in Canada, and there is also very limited evidence on genderspecific results. Therefore, my research could potentially fill the gap under this topic and provide
an overview of the relationship between sleep deficits and SSB consumption that could
specifically inform future research and public health policies that relates to school start time,
sleep hygiene education, and SSB intake for BC adolescents using a population-based cohort,
BASUS.

2.5

Conceptual framework
A conceptual framework that is presented by Duraccio et al. (2019) shows the

associations between sleep deficits and biological and behavioural factors, and how they affect
the risk of obesity outcome. In this framework, sleep can affect the risk of obesity through three
different pathways - physiological factors, eating patterns, and activity patterns - that involve
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factors directly linked to excess calorie intake and reduced calorie expenditure. (135) Within each
of these pathways, specific behavioural habits and metabolic processes are implicated such as
poor diet quality and snacking, higher sedentary behaviours, less physical activities, the reward
system in the brain, metabolic disturbance, etc.(135) The conceptual framework that Duraccio et
al. proposed is shown below (Figure 2.1).

Figure 2.1 Potential mechanisms driving the relationship between poor sleep and increased
obesity risk in adolescence. (Source: Duraccio et al., 2019)(135)

This model provides detailed pathways between poor sleep and the risk of obesity, but
there are also correlations between physical activity and eating patterns which are missing in this
framework. For example, Kenney et al. (2017) demonstrate that sedentary behaviours such as
long TV viewing and high usage of screen devices are associated with higher SSB consumption,
lower physical activity, and short sleep duration among adolescents.(136) Therefore, there are
possible bi-directional links between poor dietary quality, sedentary behaviour, and physical
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activity. Since the conceptual framework that Duraccio et al. (2019) developed did not capture
these associations between physical activity, SSB consumption, and sleep duration, I adapted the
framework above and added the bi-directional arrows based on the possible associations
described above. The adapted conceptual framework from Duraccio et al. (2019) involving
adolescents’ sleep deficits and SSB consumption can be illustrated below in Figure 2.2.

Figure 2.2 Adapted conceptual framework from Duraccio et al. (2019)

Among these possible associations, this thesis intended to address the associations
between sleep deficits (social jetlag, poor sleep quality, and short sleep duration) and
consumption of SSBs in adolescents. In addition, this thesis also discussed the prevalences of
sleep deficits and SSB consumption. It also added a new perspective of potential differences
between adolescent girls and boys that is lacking in the literature.
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Chapter 3: Prevalences of sleep deficits and SSB consumption in BC
adolescents by gender
3.1

Introduction
This chapter presents the gender-specific descriptive results of the prevalences of sleep

deficits, which include social jetlag, restless sleep, and short sleep duration, and the prevalence
of sugar-sweetened beverage (SSB) consumption among British Columbia (BC) adolescents.
Before my analysis of the associations between sleep deficits and SSB consumption, the
prevalences of exposures and outcome were explored. As previously mentioned, social jetlag
describes the mismatch between work/school day and free-day sleep timing(6), which translates
to Monday to Friday for schooldays and conventional weekends for free-days in adolescents. It is
very common in the general population, and it starts in adolescence and may continue throughout
one’s active career life.(10) However, it is more acute among those who experience late
chronotype, and adolescence is known to develop maximum lateness compared to adulthood.(7)
In addition, there are also sex and gender differences seen in chronotype and social jetlag, where
girls tend to develop late chronotype earlier, and have additional social and household
responsibilities, relative to boys.(65,137) Although social jetlag is less studied, a growing body of
evidence shows that social jetlag could potentially lead to higher Body Mass Index (BMI),
unhealthy dietary patterns, poor academic achievement, and cognitive abilities.(137–139)
In addition to social jetlag, restless sleep and short sleep duration indicate a sleep deficit
in quality and quantity. Restless sleep, as an indicator of poor sleep quality, is a subjective
measure that is characterized by frequent body movement, brief awakening during sleep and
arousals(140), and has shown to be highly correlated with the Pittsburgh Sleep Quality Index
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(PSQI) (r = 0.69) in breast cancer patients.(85) Although restless sleep has been a frequent
complaint in pediatric sleep research, the clinical significance of restless sleep has just been
discussed recently.(141) In this article, the panel agreed that ‘at least three times a week’ of
restless sleep is considered to be helpful to distinguish clinical significant cases from occasional
cases in children.(141) Chronic exposure to restless sleep (for at least three month) has been shown
to impact on daytime function, cognitive, behavioural, physical and mental wellness.(141,142) In
another article, having at least 1 day of restless sleep per week across two or more time points
over two years is associated with sub-optimal health in both adolescent boys and girls with
stronger associations in boys.(143) More evidence on the impacts of restless sleep is needed.
Sleep duration, based on the National Sleep Foundation, is 8 – 10 hours of sleep per
night for adolescents aged 14 – 17 years.(13) Sleeping less than 8 hours per night is considered
short sleep duration. Both poor sleep quality and short sleep duration in adolescents are very
common and are associated with various adverse outcomes including eating behaviours, obesity,
depression, academic performance, and risk-taking behaviours.(78,79,86–88) Researchers argue that
the adequate amount of sleep varies between individuals, partly due to individuals’ genes, and
sleeping shorter or longer than the recommended amount may not necessarily be harmful.(12)
Nevertheless, at a population level, modern lifestyle factors, early school start times, social
activities, and unique pubertal maturation development all add extra barriers to adolescents from
achieving optimal sleep health.(144) Given the challenges and health concerns, understanding the
prevalences of sleep deficits among BC adolescents is crucial for tailoring the future public
health policy decisions to the young population in this province.
SSBs, which are characterized by high sugar and caffeine levels, are very common
worldwide, despite numerous public health recommendations of reducing sugar and SSB
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consumption.(145) The prevalence of SSB consumption in Canadian adolescents is still high –
estimated in 2015 at about 300ml daily per capita, which is close to a regular can of soda. (16)
SSBs are also top sources of total sugar intake in their diet.(101) Research has shown that SSB
consumption is associated with type 2 diabetes, high BMI, hypertension, poor dietary quality,
and impaired brain health.(18–20,32) To address this problem, BC province has added a provincial
sales tax to soda pops, which is an important starting point of policy action to reduce sugary
drink consumption in BC.(24)
Although sufficient amount of studies have reported the prevalences of poor sleep
quality, short sleep duration, and SSB consumption in adolescents, they tend to ignore potential
gender differences, and no study has yet to report the prevalence of social jetlag in BC
adolescents. The aim of this chapter is to estimate the gender-specific prevalences of sleep
deficits and SSB consumption using a population-based cohort of adolescents in BC.

3.2
3.2.1

Methods
Study sample
This chapter analyzed 1031 adolescents in BC from the BASUS cohort (see Chapter 1.3)

and provided the prevalences of three different sleep deficits (short sleep duration, restless sleep
and social jetlag) and SSB intake, by gender.

3.2.2

Sleep deficits
Sleep deficits in quantity and timing were examined in terms of short sleep duration and

social jetlag. Participants were asked to choose the time ranges for their usual bedtime and usual
wake-up time on weekdays and weekends. There were 5 response options for each question. For
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usual bedtime time during weekdays and weekends, response options include: ‘8pm – 9pm’,
‘9:01pm – 10pm’, ’10:01pm – 11pm’, ’11:01pm – midnight’, and ‘After midnight’. For usual
wakeup time during weekdays and weekends, response options include: ‘6am – 7am’, ‘7:01am –
8am’, ‘8:01am – 9am’, ‘9:01am – 10am’, and ‘10:01am or later’. The mid-point of each response
option range was taken to estimate the total hours of sleep. For example, for ‘8pm – 9pm’
bedtime, 8:30pm was used for the calculation. For ‘After midnight’ and ‘10:01am or later’,
00:30am and 10:30pm was used, respectively. The sleep and wakeup time was converted to 24hour time and the total hours of sleep was then calculated using the formula ‘wakeup time + (24
– bedtime)’. I used the total hours of sleep on weekdays to construct a binary variable to classify
participants as sleep-deprived (<8 hours) or not (≥8 hours) based on the National Sleep
Foundation guidelines for adolescents.(146) To measure social jetlag, I calculated the absolute
differences between mid-sleep times (midpoint between sleep onset and wake-up time) on both
weekdays and weekends.(6)
I determined poor sleep quality using the weekly occurrence of restless sleep that was
asked in the validated questions of the Center for Epidemiologic Studies-Depression (CESD)
score, with possible responses of ‘rarely or none of the time’ (< 1 day), ‘some or a little of the
time’ (1-2 days), ‘occasionally or a moderate amount of the time’ (3-4 days), and ‘most or all of
the time’ (5-7 days).(84)

3.2.3

SSB consumption
SSB consumption was assessed using a single question. In the BASUS questionnaires,

participants were asked to estimate how often in a typical week they consumed ‘pop and sugarsweetened drinks’, which was defined for participants as including regular pop (e.g. Coke,
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Sprite), fruit-flavored drinks (e.g. Fruitopia, Iced Tea), energy or sport drinks (e.g. Gatorade, Red
Bull), sweetened coffee drinks (e.g. flavored cappuccino or Frappuccino), or milk/yogurt-shakes.
The question also clarified the exclusion of any diet-pop, 100% fruit juices or milk. The response
options were never, less than once per week, 1-2 times per week, 3-4 times per week, once per
day, and two or more times per day. I constructed three SSB measures based on this single
question to help illustrate the prevalence: daily intake, median intake (gender-specific), and any
intake. Daily SSB intake has been shown to be associated with toothache(117), type 2 diabetes(36),
sleep problems(147), obesity(109), and cardiovascular diseases(148). The median for each gender was
chosen because the average SSB intake in BC is lowest compared to other provinces and the
national average.(16) Therefore, using gender-specific median intake measure allows me to
compare adolescent girls and boys with their gender-specific peers, and it is similar to another
adolescent SSB intake study.(149) Finally, I considered any SSB intake since many organizations
have been promoting ‘No added sugar challenge’ including the Mayo Clinic(150), the University
of California - Berkeley(151), The New York Times(152), and Medisys Health Group.(153) All these
actions reflect the ideal public health goal of minimizing SSB intake. The percentages of all three
SSB measures overall, and separately by gender, are presented below.

3.2.4

Socio-demographic and health characteristics

Key socio-demographic and health characteristics of this population included the following:
pubertal stage (pre-pubertal, early pubertal, mid-pubertal, late pubertal, post-pubertal); ethnic
identity (White, Asian, Indigenous, and Other (Latino, Black, and other)); family income relative
to peers (far above average and quite a bit above average, a little above average, average, a little
below average, quite a bit below average, far below average, far below average); moderate-to28

vigorous physical activity (MVPA); sedentary behaviour; obesity; zBMI score; self-rated health
(Excellent, very good, good, fair, and poor); CESD score; and depression. In this thesis,
Carskadon’s method of assessment was used to estimate pubertal development. The survey asked
participants’ physiological development including body hair, facial hair, voice change for males,
and body hair, breasts, and menses for girls. The indicators were calculated and categorized into
five pubertal development levels. Meeting the recommendation of Canadian guidelines’ for
MVPA was assessed using participants’ weekly frequency of extra-curricular sport activities
with or without a coach (percent of those who had ‘four or more times a week’ were considered
met the recommendation). Sedentary behaviour was determined as the total minutes of screen
time spent within a 24-hour period based on participants’ responses on how much time they use
the internet on average each day for seven different activities (e.g. watching TV, emailing,
school work, gaming, etc.). Body mass index (BMI, kg/m2) was calculated using self-reported
data on height and weight, and participants were then categorized into obese or non-obese based
on sex- and age-specific BMI percentiles in WHO growth charts for Canadian children.(154)

3.2.5

Statistical Analysis
Descriptive statistics, overall and by gender, used means and standard deviations (SD) for

normally distributed continuous variables, median and interquartile range for non-normally
distributed continuous variables, and frequencies and proportions for categorical variables. The
continuous variables that were included in the study were age, zBMI score, CESD score, screen
time, social jetlag, and weekday sleep duration. The categorical variables were ethnicity, gender,
maternal education, family income, self-rated health, pubertal stages, obesity, MVPA,
proportions of daily and any consumption of SSBs, restless sleep levels, and sleep deprivation.
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Chi-square tests were used to obtain p-values for two categorical variables such as sleep
deprivation and gender, and two-sample t-tests were used for one continuous variable and one
categorical variable such as social jetlag and gender. All analyses were conducted using SAS
version 9.4 (SAS Institute, Cary, NC, 2012).

3.3
3.3.1

Results
Socio-demographic and health characteristics
The key socio-demographic and health characteristics of my sample were presented in

Table 3.1. In this sample, about 60% were girls and only 40% were boys. The mean age for both
boys and girls was 15 years, and more than half of them were white. Most boys and girls were at
late-pubertal stage. However, 28% of girls entered post-pubertal stage compared to only 5% for
boys, and 27% of boys were still at mid-pubertal stage. This distribution clearly showed that girls
mature earlier than boys despite being the same age which indicates that pubertal stage is a better
indicator of biological sex differences. For a majority of participants, the maternal education
status regardless of gender was ‘University level or above’, with 4% of boys and 6% of girls
reporting a maternal education status of ‘Below high school’. The distribution of family income
as perceived relative to peers was fairly even with the ‘Average’ being the highest percentage
group, but 24% of boys compared to 17% of girls answered ‘Far above and quite a bit above
average’. Notably, the obesity prevalence for boys (9%) was almost twice as high for girls (5%),
and boys also had higher zBMI scores than girls (0.42 and 0.18, respectively). For self-rated
health, more boys (32%) answered ‘Excellent’ compared to girls (16%). In addition, the median
CESD score for girls (13.0 (SD 16.0)) was a lot higher than for boys (8.0 (9.0)), and higher score
indicates greater number and frequency of depressive symptoms with 16 being the cutoff point
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for screening purpose.(155) Similarly, the percent of depression as a health problem for girls
(25%) was much higher than boys (13%). For physical activities, almost half of the boys (46%)
met the MVPA recommendation compared to 36% for girls.
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Table 3.1 Socio-demographic and health characteristics of adolescents in the BASUS
cohort, overall and by gender (N=1031)

Age in years (mean, sd)
Ethnic identity (n, %)
Indigenous
White
Asian
Other
Pubertal Stages (n, %)
Post-pubertal
Late-pubertal
Mid-pubertal
Early pubertal
Maternal Education (n, %)
University or above
Some college or trades
High school
Below high school
Family income (n, %)
Far above and quite a bit above
average
A little above average
Average
A little below average
Far below and quite a bit below
average
Obese (n, %)
zBMI (mean, sd)
Self-rated health (n, %)
Excellent
Very good
Good
Fair
Poor
CESD score (median, IQR)*
Depression (n, %)
Screen time/day (median,
IQR) (minutes)*
MVPA meet (n, %)

Overall (W6)
(n=1031)
15.1 (0.70)

Boys
(n=420, 40.7%)
15.0 (0.69)

Girls
(n=611, 59.3%)
15.1 (0.71)

127 (12.32)
577 (55.97)
296 (28.71)
31 (3.01)

52 (12.38)
248 (59.05)
107 (25.48)
13 (3.10)

75 (12.27)
329 (53.85)
189 (30.93)
18 (2.95)

191 (18.53)
700 (67.90)
133 (12.90)
7 (0.68)

19 (4.52)
281 (66.90)
113 (26.90)
7 (1.67)

172 (28.15)
419 (68.58)
20 (3.27)
0 (0)

462 (44.81)
290 (28.13)
224 (21.73)
55 (5.33)

202 (48.10)
116 (27.62)
85 (20.24)
17 (4.05)

260 (42.55)
174 (28.48)
139 (22.75)
38 (6.22)

204 (19.79)

99 (23.57)

105 (17.18)

262 (25.41)
359 (34.82)
152 (14.74)
54 (5.24)

110 (26.19)
143 (34.05)
47 (11.19)
21 (5.0)

152 (24.88)
216 (35.35)
105 (17.18)
33 (5.40)

67 (6.50)
0.28 (1.05)

39 (9.29)
0.42 (1.12)

28 (4.58)
0.18 (1.0)

229 (22.21)
432 (41.90)
282 (27.35)
70 (6.79)
18 (1.75)
10.0 (13.0)
209 (20.27)
240.0 (330.0)

134 (31.90)
169 (40.24)
89 (21.19)
23 (5.48)
5 (1.19)
8.0 (9.0)
56 (13.33)
240.0 (330.0)

95 (15.55)
263 (43.04)
193 (32)
47 (7.69)
13 (2.13)
13.0 (16.0)
153 (25.04)
240.0 (315.0)

414 (40.16)

193 (45.95)

221 (36.17)

* CESD score and screen time are not normally distributed, so median and IQR were reported.
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3.3.2

The prevalences of sleep deficits in adolescents in BC
Table 3.2 shows the means or percentages of social jetlag, restless sleep on weeknights,

and weekday sleep duration, overall and by gender. The table shows that girls had significantly
more social jetlag than boys (p < 0.01), and participants had about 1.6 hours of social jetlag on
average. Figure 3.1 shows the social jetlag distribution by gender. Based on the distribution, the
peak of social jetlag for girls was at 2 hours and was at 1.5 hours for boys, which shows that girls
tend to report more social jetlag than boys.

Table 3.2 Descriptive results for sleep deficits by gender (N=1031)

Social jetlag in hours
(mean, sd)
Restless sleep (n, %)
< 1 day
1 – 2 day
3 – 4 day
5 – 7 day
Weekday sleep duration
in hours (mean, sd)
Sleep deprivation, <8
hours (n, %)

Overall (W6)
(n=1031)
1.59 (0.73)

Boys
(n=420, 40.7%)
1.52 (0.75)

Girls
(n=611, 59.3%)
1.64 (0.72)

P-value*

514 (49.85)
297 (28.81)
123 (11.93)
97 (9.41)
8.49 (0.97)

249 (59.29)
105 (25.0)
36 (8.57)
30 (7.14)
8.64 (0.97)

265 (43.47)
192 (31.42)
87 (14.24)
67 (10.97)
8.39 (0.96)

< 0.0001

148 (14.35)

51 (12.14)

97 (15.88)

0.093

< 0.01
< 0.001

* P-values were obtained from Chi-square tests and two-sample t-tests.
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Social Jetlag Distribution by Gender

Percent of participants by gender

35.0%
30.0%

28.3%

25.0%
20.0%
19.3%

20.0%

28.8%

22.4%
21.3%

14.6%

15.0%

9.5%

9.3%
7.7%

10.0%
5.7%
5.0%

4.8%
3.8%

3.1%

0.7%0.7%

0.0%0.2%

3.5

4

0.0%
0

0.5

1

1.5

2

2.5

3

Social jetlag in hours
Boys

Girls

Figure 3.1 Social Jetlag distribution by gender (N=1031)

Based on Table 3.2, the percent of different levels of restless sleep for boys were
significantly different from girls (p < 0.001). About 60% of boys had <1 day of restless sleep
compared to 43% for girls. Figure 3.2 shows the weekly restless sleep occurrence distribution by
gender, which shows that more girls had at least 1 restless sleep night per week than boys.
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Weekly restless sleep occurrence by gender
Percent of participants by gender

70.0%
60.0%
50.0%

59.3%

43.4%

40.0%
31.4%
30.0%

25.0%

20.0%

14.2%
8.6%

10.0%

11.0%
7.1%

0.0%
< 1 day

1 - 2 day

3 - 4 day

5 - 7 day

Weekly restless sleep nights
Boys

Girls

Figure 3.2 Weekly restless sleep occurrence by gender (N=1031)

For weekday sleep duration, Table 3.2 shows that girls on average slept significantly less
than boys (p < 0.0001). About 16% of girls were sleep-deprived compared to 12% of boys (p =
0.093). Figure 3.3 shows the distribution of weekday sleep duration separately by gender, and it
shows that more girls had shorter weekday sleep duration than boys.
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Weekday sleep duration by gender
Percent of participants by gender
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40.0%

39.3%
34.2%
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30.5%

30.0%
25.0%
20.0%
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13.4%
11.0%

15.0%
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10.0%
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0.0%
6h

7h

8h

9h

10 h

11 h

0.2%
0.0%
12 h

Weekday sleep duration (hours)
Boys

Girls

Figure 3.3 Weekday sleep duration by gender (N=1031)

3.3.3

The prevalence of SSB consumption in adolescents in BC
Table 3.3 shows the percent of daily and any SSB intake, and also the median intake

option, separately for boys and girls. We see that 10% of boys and 4% of girls reported that they
drink SSBs at least once a day (P<0.001), and 87% of boys compared to 81% of girls reported
that they drink any SSB in a week (p=0.015); the median intake option for boys was “1-2 times
per week” and it was “less than once per week” for girls. The p-values show that boys and girls
were significantly different based on the chi-square test. Figure 3.4 shows the distribution of SSB
consumption by gender based on the original survey response options.
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Table 3.3 The gender differences in the prevalence of SSB consumption (N=1031)

Daily SSB intakes (n,
%)
Median SSB intake
Any SSB intakes (n, %)

Overall (W6)
(n=1031)
65 (6)

Boys
(n=420, 40.7%)
40 (10)

Girls
(n=611, 59.3%)
25 (4)

P-value*

Less than once
per week
861 (84)

1 – 2 time per
week
365 (87)

Less than once
per week
496 (81)

-

<0.001

0.015

*P-values were obtained from Chi-square tests.

Percent of participants by gender

Weekly SSB consumption by gender
45.0%

39.3%

40.0%
35.0%

28.1%

30.0%

24.1%

25.0%

20.2%

18.8%

20.0%
15.0%

29.0%

13.7%

13.1%

10.0%

5.5%
5.0%

2.1%

4.0%
2.0%

0.0%

Never

Less than once 1-2 times per 3-4 times per
per week
week
week

once a day

2+ times per
day

Weekly SSB consumption
Boys

Girls

Figure 3.4 SSB consumption by gender (N=1031)

3.4

Discussion
The findings in the study described the gender differences in the prevalences of social

jetlag, weekly restless sleep, weekday sleep duration, and SSB consumption in BC adolescents. I
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found a high prevalence of social jetlag in both boys and girls, but girls had significantly higher
social jetlag than boys. Nearly half of the sample reported at least one day of restless sleep per
week, and there were more girls than boys among those with at least one day of restless sleep. A
quarter of girls and 16% of boys had at least 3 days of restless sleep per week. Moreover, more
girls slept less than 8 hours during weekdays on average than boys. Consistently, teen girls had
higher social jetlag, more frequent restless sleep occurrence, and shorter sleep duration than boys
in BC. The findings of the prevalence of SSB consumption showed that boys tend to consume
SSBs more frequently than girls. The percent of daily SSB intake for boys was nearly double the
percent for girls. However, the overall SSB consumption was low, and only 6% of the sample
reported daily SSB intake.
The prevalence of social jetlag in this sample population was high, and it was consistent
with another US study that analyzed gender differences in adolescents. They have found that
girls have an average of 0.59 hour more social jetlag than boys, and the average social jetlag is
1.3 hours.(58) Similar to this study, girls reported higher social jetlag than boys. However, a
Canadian study that used the 2013/2014 Health Behaviour in School-aged Children survey has
found that the average social jetlag that calculated from the average bedtime and wake-up time
for weekdays and weekends among 14 – 17 years adolescents is about 2 hours for both boys and
girls.(14) Another study conducted in the US shows that the mean social jetlag among their 15year adolescent cohort is almost 3 hours.(139) Both studies reported higher social jetlag than this
study. Nevertheless, some studies show that even 1 hour of social jetlag in adolescents could
potentially have adverse effects such as poor dietary behaviours, higher waist circumstance, and
higher fat mass index.(139,156) Thus, it is still important to address social jetlag in BC adolescents,
particularly among girls.
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In this sample, the percentages of sleep deprivation for both girls and boys were lower
than 10% of the entire sample, and the average sleep duration during weekdays was more than
8.5 hours. This was inconsistent with another Canadian study that used the Canadian Health
Measures Survey (CHMS), and found that about one-third of their sample of adolescents did not
meet the sleep duration recommendation, with no gender differences observed.(12) The potential
reason for inconsistency could be that the CHMS survey asked usual sleep duration directly,
while the BASUS study asked sleep and wake up times for both weekdays and weekends
separately. Although two questions may be better than one to assess sleep duration, both 1question and 2-question methods for online surveys are likely imprecise and could be
systematically biased compared with sleep diaries.(157) Future research should consider using
sleep diaries or actigraphy devices to reduce reporting bias. Moreover, the range of sleep
duration recommendation implies a potential U-shaped relationship between sleep and health,
and longer sleep may be associated with other outcomes such as less physical activity. (5) Thus,
examining both short and long sleep may be necessary when sample size allows.
Considering all three sleep deficits measures, we found that girls consistently have worse
sleep health than boys. This finding is consistent with other findings conducted in
adolescents.(58,137,156,158) One explanation is that girls mature about 1 year earlier than boys, and
pubertal maturation is found to be coinciding with delaying of circadian phases, which in turn
contributes to a later bedtime.(7,159) In addition, girls may have more grooming routines and
household chores which may force them to wake up earlier or go to bed later than boys. (137)
Interestingly, the CESD score and percent of depression were also higher in girls, which may
indirectly explain that more girls experienced shorter sleep duration and poor sleep quality since
several articles found links between sleep and mental health problems. (5,160,161) However, more
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gender-specific studies are needed to further illustrate potential pathways, directions, and
mechanisms.
The frequency of SSB consumption in this chapter was somewhat surprising since the
overall self-reported SSB consumption was low. Although boys tend to drink SSBs more
frequently than girls, the daily consumers were still less than 10%. Based on the 2015 Canadian
Community Health Survey (CCHS) survey data, adolescent boys (162 grams) drink twice the
amount of soft drinks daily as girls (80 grams), and these amounts have decreased significantly
from 2004.(101) The total amount of SSBs consumed by youth aged 9 – 18 were about 300 ml
daily per capita, which decreased 26% compared to the 2004 cycle.(16) However, it is important
to note that this study only captured frequency, the actual amount of consumption was not
estimable. The SSB consumption found in this chapter may underestimate the actual volume of
intake. Moreover, compared to the national average, SSB consumption in BC is the lowest
compared to other provinces, which might be another reason why the SSB consumption was low.
For example, regardless of age, while all other provinces’ mean daily per capita SSB
consumption are about 200 ml or above, with the highest one being Manitoba (250 ml), the
amount in BC is only 150 ml in 2015.(16) Given that the average SSB consumption in BC is much
lower than other places, the consumption pattern in BC may be different, and it is important to
understand the differences using the BC-based population dataset. Future research should
consider using a more comprehensive questionnaire to estimate SSB consumption volume and
patterns for different types of SSBs.
Strengths of this study include using a population-based BC adolescent cohort, examining
the gender-specific prevalences, and analyzing three types of sleep deficits. This study used
wave 6/Spring 2012 data of the BASUS cohort that was collected from 86 high schools across
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the province, and the survey captured unique pubertal maturation stages, sleep and wake up time
on weekdays and weekends, frequency of SSB consumption, and many other socio-demographic
characteristics. This study also filled gaps around gender differences in the prevalences of sleep
deficits and SSB consumption that targeting BC adolescents. Furthermore, sleep deficits are not
just about short sleep duration. While many studies only examined short sleep duration, this
study further addressed poor sleep quality and timing and considered the social jetlag concept
that is lacking in current literature.
However, limitations of this study include self-reporting bias and single SSB
consumption question design. The questions asking about usual sleep and wake-up time and SSB
consumption may be biased due to social desirability and recall period, especially for obese
individuals, the reported SSB intake may be lower than their actual intake. Most epidemiological
and observational studies use self-reporting strategy due to large sample size and cost-efficiency.
Future research can incorporate sleep diaries and use actigraphy devices to accurately track sleep
timing. In addition, a single SSB question on frequency may not accurately reflect actual intake,
and the amount of SSB intake was not captured. A study has shown that a one-question SSB
survey underestimates the intake compared to a four-question survey.(124) Future studies should
consider using a comprehensive SSB questionnaire to capture the amount and frequency of
different types of SSBs. Lastly, since this study used BC-based data, the results are not
generalizable to other parts of the country or the world. These results specifically described the
prevalences of sleep deficits and SSB consumption in BC adolescents and may be used to inform
public health policy in BC.
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3.5

Conclusion

This study provided descriptive results of the prevalences of three types of sleep deficits and
SSB consumption in BC adolescents, overall and by gender. The results showed a high
prevalence of social jetlag in BC adolescents, and half of the participants had at least one day of
restless sleep. Most of them slept the recommended amount of 8-10 hours. Significant gender
differences were found such that girls, in general, had worse sleep health than boys, but boys
consume SSBs more frequently than girls. This study could potentially facilitate gender-specific
sleep hygiene education in BC, inform future public policy and research direction, and it is also
relevant to SSB taxation implementation in BC.
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Chapter 4: Gender-specific associations between social jetlag and SSB
consumption in adolescents
This chapter presents the first half of the gender-specific associations between sleep
deficits and SSB consumption in BC adolescents. A version of this chapter has been submitted
for publication: Zhang K, Black J, Guhn M, Conklin A. Social jetlag: a gender-specific correlate
of sugary drink intake in Canadian adolescents (invited to revise and resubmit).

4.1

Introduction
In adolescents, sleep is one of the crucial factors affecting their development, health

status, and eating habits(3,4,26,27,35,162). This includes sleep quantity, quality, and timing, which all
affect circadian biology and have consequences for diet(15) and energy metabolism(163). While
sleep duration and sleep quality are most commonly measured, social jetlag is a newer concept
that captures the disparity between one’s biological and social clocks (6). Social jetlag measures
the absolute difference in the midpoint of sleep on free-days and weekdays(6). A typical school
start-time around 8:30 am(164) requires secondary school students to rise much earlier on
schooldays (around 7:00 am) than on weekends when adolescents would naturally rise around
9:30 am on average(14), resulting in 2.5 hours of social jetlag. Adolescents are uniquely
vulnerable to social jetlag and experience the greatest amount of social jetlag compared to any
other age group because of development-specific late chronotype (natural sleep-wake cycle) and
early school start time(165,166).
However, the adverse dietary habits associated with of social jetlag in adolescents are not
well-studied. Limited evidence shows that social jetlag is associated with eating behaviours and
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BMI z-score in adolescents(139,165). Only one recent study found that higher social jetlag is
associated with lower intake of fruits and vegetables, and higher intake of fast food and soft
drinks among adolescents at the age of 15(139). Soft drinks such as Coke and Sprite are a
commonly consumed sugar-sweetened beverages (SSBs) among teens, and frequent SSB
consumption is an eating habit of public health concern as SSBs are linked to obesity(167,168), type
2 diabetes(169,170), gout(116), and dental caries(117). Between 2004 and 2015 in Canada, SSB
consumption decreased by 26% in volume overall, but SSB intakes remain high among Canadian
teens whose daily estimated per capita intake reached 300 ml in 2015 (almost a full can of Coke,
355ml)(16). SSBs were also top sources of total sugar intake among children and adolescents aged
9 – 18 years old based on the 2015 Canadian Community Health Survey – Nutrition (CCHS-Nut)
data(101). Gender differences in SSB intakes were also observed in Canada, as boys tend to drink
more than double the volume than girls(17). Most critically, SSBs are considered a major source
of excess calories due to low satiety effects(113) and unhindered solid food intake whilst drinking
SSBs(19); excess calories are an important contributing factor to obesity(112,114). Therefore,
understanding whether social jetlag is linked to SSB intakes is important for informing health
promotion policies that foster improved dietary quality for adolescents.
There is a clear gap in knowledge that could inform policy and strategies to improve
youth eating habits. No study focuses on gender-specific associations between social jetlag and
SSB consumption. Since the current gender-specific social jetlag research is limited, the
direction of the gender patterns between social jetlag and SSB consumption is difficult to predict
because of biological factors and social roles, as well as the effect of pubertal stages. However,
one study showed that social jetlag has more negative effects on academic achievement and
cognitive performance in girls(137). One explanation for this inverse association in girls is that
44

pubertal maturation leads to later sleep timing from the shift to eveningness chronotype, which is
associated with many negative psychological consequences, and thus teen girls are more affected
due to earlier maturation than boys(137). Moreover, sleep closely ties to the stress response that
shows a sex difference in physiological effects starting in adolescence(171,172). Given sex-specific
physiological reactivity and pubertal maturation timing(1), the same amount of social jetlag may
result in different frequency of SSB consumption between teen boys and girls. Hence, this study
aims to determine whether greater social jetlag is associated with higher SSB consumption and if
associations are stronger in girls than boys using data from a population-based youth cohort.

4.2
4.2.1

Methods
Sample Population
This chapter used self-reported data from Wave 6 (Spring 2012) of a population-based

cohort (BASUS) of ethnically diverse youth aged 13-18 years in the province of British
Columbia (BC) (N=1031)(173) (see Chapter 1.3).

4.2.2

Social jetlag
Social jetlag was the main exposure constructed from self-reported usual bedtimes and

wake-up times for weekdays and weekends (see Chapter 3.2). Social jetlag was measured by
taking the absolute difference between midsleep times (midpoint between bedtime and wake up
times) on both weekdays and weekends, and this formula was established by Wittmann et al
(2006)(6). The continuous social jetlag variable was then categorized into three levels (≤ 1 hour, >
1 and ≤ 2 hours, > 2 hours) based on the distribution of the data. Similar three-level cut-points
were also used in other studies(59,66,174).
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4.2.3

SSB consumption
The primary outcome measured was weekly SSB consumption, and the same three binary

measures of SSB consumption were used to examine whether different frequencies of SSB
intakes show associations with social jetlag (see Chapter 3.2). The first binary outcome was
constructed to reflect frequent SSB intakes of once per day or more (daily) (1 coded for ‘once
per day’ or more; 0 coded for less than ‘once per day’). The second binary measure was abovemedian SSB intakes or not (1 coded for above-median SSB intakes; 0 coded for at or below
median SSB intakes), using gender-specific cut-points. The third binary outcome was any SSB
intake (1 coded for ‘less than once per week’ or more; 0 coded for ‘never’). Analyzing zero
consumption allows us to examine whether social jetlag is associated with dietary habits
differentiating those who consume no SSB to those who opt for SSB consumption.

4.2.4

Covariables
Relevant covariates available from the BASUS data for the main analysis included:

pubertal stage (pre-pubertal, early pubertal, mid-pubertal, late pubertal, post-pubertal
(reference)); ethnic identity (White (reference), Asian, Indigenous, and Other (Latino, Black, and
other)); family income relative to peers (far above-average and quite a bit above-average
(reference), a little above-average, average, a little below-average, quite a bit below-average and
far below-average); leisure-time physical activity; and sedentary behaviour. The pubertal stage
was used instead of age because it is considered a more accurate indicator of sex-specific
biological development due to different maturation timing between boys and girls (42). The
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pubertal stage variable was constructed according to an established method by Carskadon and
Acebo(46).
Additional covariates used for sensitivity analysis were: age (years), maternal education
(university or higher (reference), some college or trades, high school, and below high school);
risk-taking behaviours (use of tobacco, alcohol, and illicit drugs); self-rated health (excellent
(reference), very good, good, fair and poor); depression (Centre for Epidemiological Studies
Depression Scale (CESD) score); and body mass index z score (zBMI). zBMI score was
calculated from self-reported data on height and weight. Sensitivity analyses models replaced
pubertal stage with age (covariate most used) and replace family income with maternal education
(a known social determinant). Risk-taking behaviours, mental and physical health status, and
zBMI scores were shown to be potential confounders and have been used as covariables in other
sleep and diet studies(15,25,27).

4.2.5

Statistical Analysis
Descriptive statistics of socio-demographic variables and outcomes across the levels of

social jetlag included means and standard deviations (SDs) for normally distributed continuous
variables, median and interquartile range for non-normally distributed continuous variables and
frequencies and proportions for categorical variables. For categorical variables, p values were
based on the Mantel-Haenszel chi-square test or Fisher’s Exact test with Monte Carlo simulation.
For continuous variables, linear regression was used. Non-normal variables (e.g. CESD score
and screen time) used the Kruskal Wallis test to calculate p values.
The a priori strategy for the main analyses was to examine gender-specific associations
between social jetlag and SSB consumption in adolescents using a population-based youth
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cohort. A series of multivariable logistic regression models were run using an interaction term
between gender and social jetlag, and adjusting for pubertal stage, ethnic identity, family income,
physical activity, and sedentary behaviours. To obtain gender-specific estimates, each
multivariable regression model was run twice using an interaction term coded in two ways
(0=female and 1=male versus 0=male and 1=female). Sensitivity analyses tested the robustness
of the models to alternative specifications of covariables (e.g. age instead of pubertal stage;
maternal education instead of family income) and additional confounders (risk-taking
behaviours, poor physical or mental health, and weight status). Results are reported as odds
ratios (ORs) and 95% confidence intervals (CI95), and statistical analyses were performed using
SAS version 9.4 (SAS Institute Inc, Cary, NC).

4.3
4.3.1

Results
Socio-demographic and health characteristics
Table 4.1 shows the socio-demographic and health characteristics of adolescents in the

BASUS cohort (Wave 6, Spring 2012) by the levels of social jetlag in boys and girls (N = 1031).
This sample had an average age of 15 years (SD 0.7), including 12% identifying as Indigenous
and 60% reporting that they were female. More than two-thirds of the cohort (68%) were at latepubertal stage, and more girls than boys were at the post-pubertal stage in each social jetlag
level. The average total sleep time during school days was 8.5 hours (SD 1.0) compared to the
average total sleep time during weekends which was 9.7 hours (SD 1.0). Nineteen percent of
girls and 15% of boys experienced over 2 hours of social jetlag. For both genders, greater total
sleep time during weekends was significantly associated with more social jetlag (p < 0.001).
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Girls had lower median weekly intakes of SSBs (‘less than once per week’) than boys (‘1
- 2 times per week’). More adolescents in our sample (n=170, 16%) reported never consuming
SSBs than those reporting daily consumption (n=65, 6%). At each social jetlag level, more boys
than girls drink SSBs daily whereas more girls than boys consume above-median SSBs. Crude
associations showed any SSB intake was significantly associated with higher social jetlag in girls
(p < 0.01), but not boys. No significant crude results were found for daily and above-median
SSB intakes.
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Table 4.1 Socio-demographic and health characteristics of adolescents in the BASUS cohort (Wave 6, Spring 2012) by levels of
social jetlag by gender (N = 1031)
Overall
(n=1031)

Age in years (mean,
SD)
Ethnic identity (n, %)
Indigenous
White
Asian
Other
Pubertal Stages (n, %)
Post-pubertal
Late-pubertal
Mid-pubertal
Early pubertal
Maternal Education
(n, %)
University or above
Some college or trades
High school
Below high school
Family income (n, %)
Far above and quite a
bit above average
A little above average
Average
A little below average

15.1 (0.7)

Girls (n=611, 59%)

Boys (n=420, 41%)

Social
Jetlag (≤
1 h)
(188,
31%)
15.1
(0.7)

Social Jetlag
(> 1 h and ≤
2 h) (306,
50%)

Social
jetlag (>2
h) (117,
19%)

P
value*

Social Jetlag
(≤ 1 h)
(144, 34%)

Social Jetlag
(> 1 h and ≤
2 h) (213,
51%)

Social
jetlag (>2
h) (63,
15%)

P
value*

15.1 (0.7)

15.1 (0.7)

0.29

15.1 (0.7)

15.0 (0.7)

15.0 (0.6)

0.30

18 (10)
106 (56)
63 (34)
1 (1)

39 (13)
156 (51)
98 (32)
13 (4)

18 (15)
67 (57)
28 (24)
4 (3)

19 (13)
78 (54)
43 (30)
4 (3)

22 (10)
131 (62)
52 (24)
8 (4)

11 (17)
39 (62)
12 (19)
1 (2)

0.06
127 (12)
577 (56)
296 (29)
31 (3)

0.43

0.04
191 (19)
700 (68)
133 (13)
7 (1)

59 (31)
122 (65)
7 (4)
0 (0)

75 (25)
218 (71)
13 (4)
0 (0)

38 (33)
79 (68)
0 (0)
0 (0)

0.9
5 (4)
95 (66)
42 (29)
2 (1)

11 (5)
143 (67)
54 (25)
5 (2)

3 (5)
43 (68)
17 (27)
0 (0)

0.86
462 (45)
290 (28)
224 (22)
55 (5)

87 (46)
52 (28)
37 (20)
12 (6)

128 (42)
87 (28)
72 (24)
19 (6)

45 (39)
35 (30)
30 (26)
7 (6)

0.14
81 (56)
34 (24)
25 (17)
4 (3)

95 (45)
67 (32)
42 (20)
9 (4)

26 (41)
15 (24)
18 (29)
4 (6)

0.19

0.11

204 (20)

35 (19)

54 (18)

16 (14)

40 (28)

45 (21)

14 (22)

262 (25)
359 (35)
152 (15)

48 (26)
65 (35)
31 (17)

77 (25)
108 (35)
49 (16)

27 (23)
43 (37)
25 (21)

44 (31)
43 (30)
9 (6)

47 (22)
80 (38)
32 (15)

19 (30)
20 (32)
6 (10)
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Far below and quite a 54 (5)
9 (5)
18 (6)
6 (5)
8 (6)
9 (4)
4 (6)
bit below average
zBMI† (mean, SD)
0.3 (1.1)
0.2 (1.0) 0.1 (1.0)
0.3 (1.0)
0.93
0.5 (1.1)
0.4 (1.2)
0.5 (0.8)
0.63
Self-rated health (n,
0.36
<
%)
0.001
Excellent 229 (22)
35 (19)
43 (14)
17 (15)
59 (41)
52 (24)
23 (37)
Very good 432 (42)
76 (40)
132 (43)
55 (47)
54 (38)
99 (46)
16 (25)
Good 282 (27)
51 (27)
106 (35)
36 (31)
23 (16)
44 (21)
22 (35)
Fair 70 (7)
20 (11)
20 (7)
7 (6)
6 (4)
16 (8)
1 (2)
Poor 18 (2)
6 (3)
5 (2)
2 (2)
2 (1)
2 (1)
1 (2)
CESD scores (median, 10.0 (13)
12 (21)
13 (15)
14 (16)
0.73
9 (10)
8 (10)
8 (9)
0.43
IQR)
Total sleep time
8.5 (1.0)
8.5 (1.0) 8.3 (1.0)
8.4 (1.0)
0.08
8.9 (1.0)
8.5 (1.0)
8.8 (1.0)
0.08
during school days
(mean, SD)
Total sleep time
9.7 (1.0)
9.3 (1.0) 9.9 (1.0)
10.2 (1.0)
<0.001 9.2 (1.1)
9.8 (1.0)
9.9 (0.7)
<0.001
during weekends
(mean, SD)
Daily SSB intakes (n,
65 (6)
10 (5)
9 (3)
6 (5)
0.36
16 (11)
15 (7)
9 (14)
0.86
%)
Above-median SSB
381 (37)
68 (36)
130 (42)
58 (50)
0.07
40 (28)
66 (31)
19 (30)
0.62
intakes (n, %)‡
Any SSB intake (n, %) 861 (84)
139 (74) 257 (84)
100 (85)
0.01
120 (83)
188 (88)
57 (90)
0.11
Screen time per day
240 (330)
240
240 (285)
240 (315)
0.91
210 (300)
255 (345)
270 (300)
0.07
(median, IQR)
(360)
(minutes)
Meet MVPA
414 (40)
73 (39)
110 (36)
38 (32)
0.53
71 (49)
100 (47)
22 (35)
0.09
recommendation (n,
%)
CESD, Center for Epidemiological Studies – Depression. SSB, sugar-sweetened beverage. MVPA, moderate-to-vigorous physical activity.
*P values were based on Mantel-Haenszel chi-square test or Fisher’s Exact test with Monte Carlo simulation for categorical variables, and linear
regression for continuous variables. Kruskal Wallis Test for non-normal variables (CESD scores and screen time).
†
Age- and sex-specific zBMI scores were calculated using self-reported weight and height.
‡
Median intakes of SSBs by gender: girls, ‘less than once per week’; boys, ‘1 – 2 times per week’.
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4.3.2

Overall associations between social jetlag and SSB consumption for boys and girls

combined
Overall, a significant association between mid-level social jetlag (> 1 h and ≤ 2 h) and
daily SSB consumption (OR: 0.54 (95% CI: 0.30, 0.98)) was observed in the fully adjusted
model, compared to ≤ 1 h of social jetlag (Table 4.2). The highest social jetlag level showed a
very small positive association with daily SSB consumption (1.09, (0.55, 2.18)), although the
association was not significant. Regarding above the median SSB intakes, I found positive
associations with both levels of social jetlag. Although two or more hours of social jetlag was
significantly associated with above-median SSB consumption (1.49, (1.03, 2.18)), the association
was attenuated (1.38, (0.94, 2.02)) after adjusting for confounders. Finally, crude and adjusted
results for drinking any SSB (versus never) were significant for both middle and highest social
jetlag levels compared to the reference. Specifically, in adjusted models, the ORs (95% CI) of
the middle and highest social jetlag levels were 1.65 (1.14, 2.38) and 1.87 (1.11, 3.14),
respectively.
Sensitivity analyses showed a significant inverse association between the middle social
jetlag level and daily SSB consumption when replacing family income with maternal education,
adding health habits (alcohol, tobacco, and illicit drugs), and self-rated health (Appendix A.1).
All sensitivity analyses of any SSB consumption showed significant positive ORs, and the
magnitudes were similar to main results.

4.3.3

Gender-specific associations between social jetlag and SSB consumption
In girls, an inverse association between social jetlag and daily SSB intakes was found,

however ORs were non-significant (Table 4.2). Similar to overall results, positive associations of
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both levels of social jetlag with above-median SSB intakes were observed in girls, but only the
highest social jetlag level showed significant associations in unadjusted (1.73 (1.09, 2.77)) and
adjusted (1.63 (1.01, 2.65)) models. Positive and significant associations were observed between
greater levels of social jetlag and any SSB intake in girls in unadjusted and adjusted models.
Notably, girls with over two hours of social jetlag had almost twice the odds of drinking any SSB
(1.97 (1.06, 3.66)), compared to girls with an hour or less of social jetlag. Sensitivity analyses
showed similar magnitudes or patterns as the main results for girls (Appendix A.2). However,
the confidence intervals for above-median SSB consumption widened when alternative
covariables were used or health habits were added such that the association with highest social
jetlag lost statistical significance.
I found a mixed pattern of associations between social jetlag and SSB in boys, and all
ORs were non-significant (Table 4.2). Daily SSB intake in boys showed an inverse association
for mid-level social jetlag (0.58 (0.27, 1.24)) but a positive association for highest social jetlag
(1.24 (0.50, 3.07)) compared to ≤ 1 hour jetlag, similar to the mixed pattern observed for the
overall sample. The positive association between social jetlag levels and above-median SSB
consumption in boys was attenuated after multivariable adjustment, and the direction changed
for the highest level of social jetlag (1.22 (0.59, 2.15)) after adjustment (0.94 (0.48, 1.84)).
Results for any SSB consumption were similar in magnitude and direction for girls as they were
overall, with greater social jetlag associated with higher odds of any intake. Sensitivity analyses
did not change the main results (Appendix A.3).
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Table 4.2 The associations between three measures of SSB consumption and levels of social
jetlag overall, girls and boys in the BASUS Cohort (N = 1031)
Social Jetlag
≤1 hour
> 1 h and ≤ 2 h
>2 h
Models
Reference OR
CI95
OR
CI95
Daily SSB
Overall* Unadjusted 1
0.58 0.33, 1.03
1.16
0.59, 2.27
consumption
Adjusted§
1
0.54 0.30, 0.98
1.09
0.55, 2.18
Girls†
Unadjusted 1
0.54 0.22, 1.35
0.96
0.34, 2.72
Adjusted‖
1
0.50 0.20, 1.27
0.92
0.32, 2.64
Boys‡
Unadjusted 1
0.61 0.29, 1.27
1.33
0.56, 3.20
Adjusted‖
1
0.58 0.27, 1.24
1.24
0.50, 3.07
AboveOverall* Unadjusted 1
1.25 0.93, 1.67
1.49
1.03, 2.18
§
median SSB
Adjusted
1
1.20 0.89, 1.61
1.38
0.94, 2.02
consumption Girls†
Unadjusted 1
1.30 0.90, 1.90
1.73
1.09, 2.77
Adjusted‖
1
1.27 0.87, 1.87
1.63
1.01, 2.65
Boys‡
Unadjusted 1
1.17 0.73, 1.86
1.22
0.59, 2.15
Adjusted‖
1
1.07 0.66, 1.73
0.94
0.48, 1.84
Any SSB
Overall* Unadjusted 1
1.72 1.20, 2.46
2.01
1.20, 3.35
consumption
Adjusted§
1
1.65 1.14, 2.38
1.87
1.11, 3.14
Girls†
Unadjusted 1
1.85 1.18, 2.89
2.07
1.13, 3.81
‖
Adjusted
1
1.81 1.15, 2.85
1.97
1.06, 3.66
Boys‡
Unadjusted 1
1.50 0.82, 2.75
1.90
0.74, 4.91
Adjusted‖
1
1.39 0.75, 2.57
1.70
0.65, 4.43
*Overall models did not include an interaction term between gender and social jetlag levels. Genderspecific models used interaction terms with reverse coding of the reference († girls=0; ‡boys=0).
§

Multivariable logistic regression were adjusted for gender (girls/boys), pubertal stages (pre-pubertal,
early pubertal, mid-pubertal, late pubertal, post-pubertal (reference)), ethnic identity (White (reference),
Asian, Aboriginal, or Other (Latino, Black, and Other)), family income as perceived relative to peers (far
above average/quite a bit average (reference), a little above, average, a little below, and quite a bit
below/far below), moderate-to-vigorous physical activity (meeting the guideline (reference), not meeting
the guideline) and sedentary behaviour (screen time per day in minutes).
‖

Multivariable logistic regression using interaction terms were sequentially adjusted for pubertal stages,
ethnic identity, family income as perceived relative to peers, moderate-to-vigorous physical activity and
sedentary behaviour.
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4.4

Discussion
This chapter investigated whether social jetlag, as a unique indicator of sleep deficits,

was associated with adolescent consumption of SSBs overall and by gender. The direction and
strength of the association between social jetlag and SSB consumption appeared to vary
depending on the cut-point used for the outcome, and associations were more consistent in girls
for a given outcome. Findings indicated that social jetlag of over two hours was linked to higher
odds of above-median SSB consumption in girls only after accounting for known confounders.
Moreover, greater levels of social jetlag were also linked to higher odds of any intake of SSBs,
especially in girls. Nevertheless, results for 1-2 hours of social jetlag (mid-level) showed lower
odds of daily SSB intakes, suggesting a U-shaped relationship, and findings for boys showed
inconsistent directions of association for daily and above-median SSB outcomes that warrant
further investigation.
There is no literature to compare our findings on the association between social jetlag and
SSB consumption by gender in mid/late-adolescence. One recent study on social jetlag and
eating behaviours demonstrated that higher social jetlag is associated with higher odds of
drinking  2 sweetened drinks daily (OR 1.18 [1.11, 1.25])(139). That study had a larger sample
(n=3060) but focused on only 15-year-olds, measured the odds of ‘≥ 2 SSBs/day’, and did not
report findings separately for girls and boys. Other sleep deficit exposures may be linked to SSB
consumption, such as late chronotype which is associated with greater social jetlag(6). Gariepy et
al. found that a 1-hour delay in chronotype is associated with higher odds of daily intake of soft
drinks in both (OR 1.17 [boys], 1.11 [girls])(11). By contrast, this chapter found different patterns
of associations for daily SSB intake in boys compared to girls, but the gender-specific
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associations were non-significant for both which could be due to small cell sizes as 25 girls and
40 boys reported drinking SSBs daily.
This chapter did find, however, a monotonic association between social jetlag and abovemedian consumption of SSBs in girls (i.e. above ‘less than once a week’) and not in boys (i.e.
above ‘1 – 2 times per week’), with a significantly higher odds of above-median SSB intakes in
girls with over 2 hours of social jetlag. Similarly, a pediatric birth cohort study also found that
girls with short sleep (< 10 hours) consumed more soft drinks compared to those with 10 or 11
hours of sleep, and no association was found in boys(29). The outcome using gender-specific
median SSB intakes was more specific to adolescents in BC and allowed for a more accurate
assessment of the link between social jetlag and SSBs by gender than daily intake which is rare
in teen girls in BC. The utility of sample-based levels of SSB intakes is shown by other work
reporting associations with dietary and biological measures(149,175).
Moreover, from a public health perspective, SSBs are additions to our diet that contribute
high amounts of sugar without nutritional value and have become a global health concern (176). In
several jurisdictions in Canada and elsewhere, public health goals have been developed to reduce
added sugar consumption at the population level(177) and support the public to limit liquid
calories in the form of SSBs. Indeed, 16.5% of the cohort sample reported that they never drink
SSBs, and social jetlag showed higher odds of intake of any SSB intake over the course of a
week in both boys and girls with statistically significant results overall and in girls only.
The potential mechanism of how social jetlag is associated with SSB consumption is
unknown but could be linked to complicated biological pathways, including sex-specific
hypothalamic-pituitary-adrenal (HPA) axis responses. Social jetlag is a form of chronic sleep
loss, which has a close interaction with HPA reactivity(10,178). Stress-induced HPA reactivity may
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influence key appetite hormone levels such as leptin and ghrelin, which regulate energy balance
by suppressing or promoting food intakes(179). A randomized controlled trial shows that sleep
extension is associated with lower free sugar intakes compared to the short sleep control
group(180). Moreover, during adolescence, HPA axis reactivity starts to differentiate between
boys and girls, which could potentially explain why the same amount of social jetlag would
result in gender-specific SSB intakes. A case-control study on insomnia found that the cortisol
awakening response, as a measure of HPA axis, was greater in late/post-puberty females than in
males(181). Higher cortisol level can stimulate the reward system and then promote high palatable
food intake such as sugar(182). Additionally, other behavioural factors could also contribute to
gender-based differences in how social jetlag is linked to SSB intakes. For example, in the
BASUS cohort, nearly half of boys met recommended MVPA levels compared to only a third of
girls, and an epidemiological study shows that increased physical activity is linked to higher
sports drinks consumption which is included in our SSBs definition(183).
Several limitations were identified in this chapter. First, limited observations in some
multivariable subgroups (e.g. drinking SSBs daily and also having social jetlag) was likely
inadequate for statistical power to detect significant associations across the sample. Secondly,
this study adopted a cross-sectional study design which cannot determine causality. Future
studies need to incorporate a prospective study design to assess the direction of social jetlag and
SSBs intakes associations. Third, the thesis used self-reported data that are often limited by
measurement error, recall bias and social desirability bias. In particular, the SSB outcome was
determined from a single question rather than from a more comprehensive validated beverage
questionnaire or dietary assessment. Although the question captured a wider range of SSB
products than other studies using a single question(35,128,129,133), there is likely measurement error
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that might underestimate consumption. Future research would benefit from using objective
measures (e.g. actigraphy devices for sleep) and better dietary measurements such as validated
food frequency questionnaires and short-term food record such as 3-day or 5-day food records.
Notwithstanding some limitations, there are many strengths to this chapter. It used wave
6 data from a large and representative population-based cohort of adolescents in BC, with
diverse socio-demographic and health characteristics. Moreover, I was able to control for known
confounders and use a more accurate measure of adolescent development than simply
chronological age(41). It also used interaction terms, instead of stratification, so as to confer the
advantage of larger sample size when data are sparse and producing subgroup-specific results
that are generalizable to the entire original sample(184). Sensitivity analyses also added additional
robustness to my models by considering other social determinants of health. Furthermore, this
study added novelty to the existing literature by examining social jetlag as a novel sleep deficit
exposure and using a more comprehensive definition of SSBs. Finally, three measures of the
SSB outcomes were constructed that reflect gender-specific intakes to better identify appropriate
targeting for interventions and inform future research in this area.

4.5

Conclusion
In sum, this chapter provided novel insights into the associations between social jetlag

and SSB intakes in late adolescence using a population-based youth cohort in BC. The direction
and strength of associations varied depending on the measure of weekly SSB intakes and level of
social jetlag. Results were more pronounced in girls compared to boys and revealed that
increasing social jetlag was associated with higher odds of consuming any SSB intake compared
to none in a given week. Future prospective studies with more dietary data and objective
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measures of sleep are needed to build robust evidence for future evaluations and interventions
such as local school policies on the school start-time and public health policies on limiting SSB
consumption, among BC adolescents.
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Chapter 5: Gender-specific associations of restless sleep and short sleep with
SSB consumption in adolescents
This chapter presents the second half of the gender-specific associations between sleep
deficits and SSB consumption in BC adolescents. In addition to social jetlag that was presented
in the previous chapter, poor sleep quality and quantity are key indicators of poor sleep health
and may be associated with sugar-sweetened beverage (SSB) consumption. A version of this
chapter is currently being prepared for manuscript submission.

5.1

Introduction
Sleep quality, describing how well rested and how satisfied you are with your sleep, is

comprised of several subjective and objective measures such as sleep efficiency, latency, rapid
eye movement sleep, awakening, wake after sleep onset, and arousals. (72) Studies have shown
that poor sleep quality is closely linked to higher Body Mass Index (BMI), mental health
problems, poor diet quality, social media use, and poor academic performance among
adolescents.(79,185–187) Many studies also indicate that the outcomes associated with sleep quality
may be independent of sleep duration.(187) Although researchers have been paying attention to
sleep quality, more evidence is needed to better understand the role of poor sleep quality for
health and dietary risk factors in adolescents.
The measurement of sleep quality in this chapter used the restless sleep question from the
validated Center for Epidemiological Studies – Depression (CESD) questionnaire. Although
most sleep studies in current literature have used the Pittsburgh Sleep Quality Index (PSQI) as a
standard measurement in both clinical and non-clinical populations(83), the restless sleep question
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of the CESD is highly correlated with the PSQI score (r=0.69) suggesting that it is a useful
indicator of self-perceived sleep quality.(85) Based on a systematic review on restless sleep
among children, the definition of ‘restless sleep’ was not consistent and many studies did not
define restless sleep in their studies.(188) In 1979, the Association of Sleep Disorders Centers and
the Association for the Psychophysiological Study of Sleep have introduced the term
‘restlessness’ as an indicator for sleep quality and is defined as ‘persistent or recurrent body
movement, arousals, and brief awakenings in the course of sleep’.(140) It is a term that is used to
describe that someone feels unrefreshed even after sufficient hours of sleep. As described earlier
in Chapter 3, current literature suggests ‘at least three times per week’ of restless sleep is an
appropriate frequency to distinguish clinical significant cases versus occasional cases, and
evidence has shown that it is associated with impaired daytime function, poor cognitive, physical
and mental health.(141,142)
Although the evidence is limited, restless sleep (reported a minimum of once per week) is
found to be associated with numerous health and behaviour problems. In another BASUS study,
chronic restless sleep is associated with sub-optimal health in both adolescent boys and girls, and
boys show stronger associations.(143) Chronic restless sleep is defined as exposure to ≥1–2 days
of restless sleep per week across two or more time points over a two-year period. A southern
Ontario study assessing sleep difficulties (a sum score of different types of sleep disturbance
such as trouble falling asleep, nightmares occurrence, snore, and restlessness) and obesity among
pre-adolescents aged 11-13 years found that those who reported a combination of ‘sometimes’ or
‘often’ waking up at night, snoring, and restless when asleep showed higher odds of overweight
and obesity (odds ratio (OR): 3.53 (95% confidence interval (CI): 1.87, 6.66)) compared to those
who reported ‘never’, but those who only reported ‘sometimes’ or ‘often’ restless when asleep
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show insignificant results.(189) Other studies that focused on children and adolescents have shown
that restless sleep is associated with second-hand smoking, orofacial pain, headache, morning
headache, morning tiredness, night arousals, sleep-disordered breathing, and early onset of
alcohol and cannabis use.(173,190–192)
Sleep duration is the most well-studied measure in the sleep literature and numerous
studies have shown links between short sleep duration and SSB consumption.(3,25,29,193–197)
Consistent findings show that short sleep duration is linked to higher SSB consumption. A
systematic review indicates that among children and adolescents aged 2-18 years, short sleep is
associated with unhealthy eating habits (high energy-dense food and low fruits and vegetables
consumption) (OR: 1.51 (95% CI: 1.24 – 1.85)) and soda intake (OR: 1.16 (95% CI: 1.09 –
1.25)).(3) An Ontario survey found that short sleep is associated with energy drink consumption
among both middle- and high-school students, and is associated with SSBs among middle-school
students only.(193) Although that study found that boys were more likely to consume SSBs than
girls, the associations with sleep duration did not differ between males and females.
Despite many studies examining sleep duration with SSB consumption, most of them did
not include a broader range of SSBs and did not conduct gender-specific analyses. No study has
examined the associations between restless sleep and SSB consumption among adolescents. To
fill the gaps, this chapter aims to examine the gender-specific associations of restless sleep and
sleep duration with SSB consumption among BC adolescents. I hypothesize that more weekly
restless sleep occurrence and shorter sleep duration will be associated with frequent SSB intake,
and that girls may be more vulnerable than boys due to pubertal maturation and physiological
differences that relate to stress response.(172)
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5.2
5.2.1

Methods
Sample population
The sample population was described in the previous chapter (see Chapter 3.2) and the

same analytical sample was used in this chapter. A total of 1031 BC adolescents who completed
the wave 6/Spring 2012 of the BASUS study were included in the analysis.

5.2.2

Exposure variables – restless sleep and sleep duration
I assessed poor sleep quality using the weekly restless sleep occurrence question from the

CESD scale (see Chapter 3). There were four response options: ‘rarely or none of the time’ (< 1
day), ‘some or a little of the time’ (1–2 days), ‘occasionally or a moderate amount of the time’
(3–4 days), and ‘most or all of the time’ (5–7 days). Due to small subgroup sample size, I
combined the ‘3-4 days’ and ‘5-7 days’ categories. I classified participants into three restless
sleep levels for inferential statistical analysis: none (<1 day), occasional (1-2 days), and
persistent restless sleep (3-7 days). For descriptive statistics, I retained all four levels to show the
differences across each restless sleep level.
Sleep duration was assessed using the total hours of sleep calculated from sleep time and
wake-up time on school nights (see Chapter 3). I used sleep duration as a continuous variable to
assess the odds of SSB intake with every increased hour of weekday sleep (range: 6 to 12 hours).

5.2.3

Outcome variable – SSB consumption
The same three binary SSB measures were used for this chapter (see Chapter 3 and

Chapter 4). Specifically, the outcome measures were daily SSB intake (1 coded for “daily
intake”; 0 coded for “less than daily intake”); above-median SSB intake (1 coded for “above
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gender-specific median intake”; 0 coded for “at or below gender-specific median”); and any SSB
intake (1 coded for any SSB intake; 0 coded for ‘never’). All three binary SSB measures will be
used to assess the odds of daily, above-median, and any SSB intake among those with sleep
deficits.

5.2.4

Covariables
Covariable assessments were described in the previous chapter (see Chapter 4). The

covariables included in the main analysis were: pubertal stage (pre-pubertal, early pubertal, midpubertal, late pubertal, post-pubertal (reference)); ethnic identity (White (reference), Asian,
Indigenous, and Other (Latino, Black, and other)); family income as perceived relative to peers
(far above average and quite a bit above average (reference), a little above average, average, a
little below average, quite a bit below average, far below average, far below average); moderateto-vigorous physical activity (MVPA) (<3 times a week, four or more times a week (reference));
and sedentary behaviour (screen time in minutes).
For sensitivity analysis, I accounted for the alternative covariables and additional
confounders that were consistent with the ones that were used in the previous chapter, which
include age, maternal education, health habits (tobacco, alcohol, and drug use), self-rated health,
CESD score or depression, and zBMI score. Since the restless sleep question was a part of the
CESD scale, I used the depression condition question instead of the CESD score to avoid
potential collinearity for restless sleep exposure. The questionnaire asked: ‘In the past 12
months, have you had any of the following conditions? Depression.’ The response options were
‘Yes’ or ‘No’ and the model used ‘no depression’ as the reference group for a measure of
depression in participants.
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5.2.5

Statistical analysis
Descriptive statistics used means and standard deviation (SD) for normally distributed

continuous variables (age, zBMI, total weekday and weekend sleep duration), median and
interquartile range for non-normally distributed continuous variables (CESD score, screen time),
and frequencies and proportions for categorical variables (restless sleep, ethnic identity, pubertal
stage, maternal education, family income, self-rated health, depression, daily/above-median/any
SSB intake, meet MVPA recommendation). P values were based on the Mantel-Haenszel chisquare test or Fisher’s Exact test with Monte Carlo simulation for categorical variables, and
linear regression for continuous variables. Kruskal Wallis Test for non-normal variables (CESD
scores and screen time).
Before conducting inferential analysis, visualizations of restless sleep and weekday sleep
duration were conducted using histograms to assess the shape of the distribution and outliers.
Visualizations of the bivariate associations between exposures, outcomes, and covariables were
also conducted. For both exposure variables, box plots and bar plots were used between exposure
variables (restless sleep levels and weekday sleep duration) and outcome variables (SSB
measures), and between exposure variables and covariables (pubertal stage, ethnicity, family
income, MVPA, and screen time), overall and by gender.
The main analysis used multivariable logistic regression models with interaction terms
between sleep and SSB intake variables to examine the gender-specific associations of restless
sleep and sleep duration with three binary outcomes of SSB consumption. The regression models
with interaction terms were run twice using reverse coding method for girls and boys (0=female
and 1=male versus 0=male and 1=female) to generate gender-specific ORs that are generalizable
to the entire sample. Fully adjusted models accounted for pubertal stage, ethnic identity, family
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income, MVPA, and screen time. Sensitivity analyses also considered alternative measures and
additional social determinants of health. I replaced pubertal stage with age, replaced family
income with maternal education, added additional confounders including health habits (tobacco,
alcohol, and drugs), self-rated health, and CESD score (depression), and zBMI score.
All analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC, 2012).

5.3
5.3.1

Results
Demographic characteristics
The socio-demographic and health characteristics of BASUS adolescents by the levels of

restless sleep are shown by gender (Table 5.1). Nearly 60% of boys reported that they
experienced no restless sleep per week compared to only 43% of girls. About a quarter of girls
and 16% of boys had at least 3 days of restless sleep. Among boys that were exposed to restless
sleep, there were more Asian and fewer White teenagers who experienced a higher number of
restless sleep days per week. Significant differences in the proportion of restless sleep levels
were also seen regarding family income for girls. With more days of restless sleep, there were
fewer ‘far above and quite a bit above average’ and more ‘far below and quite a bit below
average’ girls compared to girls with no restless sleep. Self-rated health also showed a strong
association with restless sleep. For girls, more ‘excellent’ and ‘very good’ responders reported
no or occasional restless sleep, whereas ‘Good’, ‘Fair’, and ‘Poor’ responders tend to report 5-7
days of restless sleep. Similar patterns with self-rated health were also seen in boys. Moreover,
the CESD score and self-reported depression condition were significantly associated with
restless sleep based on the crude associations of bivariate analysis. For both boys and girls,
higher CESD scores and the presence of depression were associated with more restless sleep
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days. Restless sleep was also correlated with poor sleep quantity and other health behaviours,
such as screen time and MVPA in girls.
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Table 5.1 Socio-demographic and health characteristics of adolescents in the BASUS cohort (Wave 6, Spring 2012) by levels of
restless sleep by gender (N = 1031)
Girls (n=611, 59%)

Boys (n=420, 41%)

Restless sleep

< 1 day
(43%)

1 – 2 day
(31%)

3 – 4 day
(14%)

5 – 7 day
(11%)

P
value*

< 1 day
(59%)

1 – 2 day
(25%)

3 – 4 day
(9%)

Age in years
(mean, SD)
Ethnic identity (n, %)
Indigenous
White

15.2
(0.7)

15.0 (0.7)

15.0 (0.7)

15.2 (0.7)

0.19

15.0
(0.7)

15.0 (0.7)

15.1
(0.7)

5–7
day
(7%)
15.0
(0.7)

30 (16)
106 (55)

15 (17)
44 (51)

7 (10)
42 (63)

16 (15)
75 (71)

9 (25)
18 (50)

5 (17)
14 (47)

53 (28)
3 (2)

23 (26)
5 (6)

17 (25)
1 (1)

22 (9)
141
(57)
75 (30)
11 (4)

14 (13)
0

9 (25)
0

9 (30)
2 (7)

46 (24)
139 (72)

25 (29)
60 (69)

25 (37)
42 (63)

4 (4)
70 (67)

1 (3)
29 (81)

4 (13)
17 (57)

7 (4)
0

2 (2)
0

0
0

10 (4)
165
(66)
71 (29)
3 (1)

28 (27)
3 (3)

5 (14)
1 (3)

9 (30)
0

84 (44)

29 (33)

28 (42)

50 (48)

15 (42)

8 (27)

60 (31)
39 (20)
9 (5)

29 (33)
24 (28)
5 (6)

16 (24)
18 (27)
5 (7)

129
(52)
63 (25)
47 (19)
10 (4)

31 (30)
21 (20)
3 (3)

10 (28)
10 (28)
1 (3)

12 (40)
7 (23)
3 (10)

23 (9)
137
(52)
Asian 96 (36)
Other 9 (3)

Pubertal Stages (n, %)
Post-pubertal 76 (29)
Late-pubertal 178
(67)
Mid-pubertal 11 (4)
Early pubertal 0
Maternal Education (n, %)
University or above 119
(45)
Some college or trades 69 (26)
High school 58 (22)
Below high school 19 (7)
Family income (n, %)
Far above and quite a bit 57 (22)
above average
A little above average 73 (28)
Average 85 (32)
A little below average 37 (14)

0.06

P
value*
0.88
< 0.001

0.32

0.22

0.29

0.26

0.001

0.46

27 (14)

11 (13)

10 (15)

63 (25)

22 (21)

8 (22)

6 (20)

47 (24)
75 (39)
35 (18)

17 (20)
38 (44)
16 (18)

15 (22)
18 (27)
17 (25)

63 (25)
89 (36)
25 (10)

32 (30)
33 (31)
11 (10)

7 (19)
14 (39)
6 (17)

8 (27)
7 (23)
5 (17)
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Far below and quite a bit 13 (5)
below average
†
zBMI (mean, SD)
0.1
(1.0)
Self-rated health (n, %)
Excellent 53 (20)
Very good 131
(49)
Good 71 (27)
Fair 5 (2)
Poor 5 (2)
CESD scores (median, IQR) 8 (10)
Depression (n, %)
Total sleep time during
school days (mean, SD)
Total sleep time during
weekends (mean, SD)
Daily SSB intakes (n, %)
Above-median SSB intakes
(n, %)‡
Any SSB intake (n, %)

8 (4)

5 (6)

7 (10)

9 (4)

7 (7)

1 (3)

4 (13)

0.2 (1.0)

0.3 (1.0)

0.1 (1.1)

0.4
(1.1)

0.3 (1.0)

0.6 (1.2)

0.7 (1.2)

25 (13)
85 (44)

12 (14)
27 (31)

5 (7)
20 (30)

93 (37)
96 (39)

25 (24)
47 (45)

11 (31)
13 (36)

5 (17)
13 (43)

64 (33)
15 (8)
3 (2)
13 (14)

32 (37)
15 (17)
1 (1)
22 (21)

26 (39)
12 (18)
4 (6)
30 (16)

49 (20)
10 (4)
1 (0.4)
6 (7)

29 (28)
4 (4)
0
9 (9)

8 (22)
3 (8)
1 (3)
16.5
(17.5)
8 (22)
8.6 (1.1)

3 (10)
6 (20)
3 (10)
21.5 (23)

0.62
< 0.001

< 0.001

0.15
< 0.001

< 0.001

38 (14) 40 (21)
38 (44)
37 (55)
< 0.001 25 (10) 14 (13)
9 (30)
< 0.001
8.4
8.5 (1.0)
8.4 (1.0)
8.1 (1.1)
0.04
8.7
8.7 (0.9)
8.2 (1.2) 0.04
(1.0)
(1.0)
9.8
9.8 (1.0)
9.6 (0.9)
9.6 (1.1)
0.13
9.7
9.6 (1.0)
9.5 (1.3) 9.7 (1.1) 0.66
(1.0)
(1.0)
7 (3)
8 (4)
5 (6)
5 (7)
0.047
24 (10) 6 (6)
7 (19)
3 (10)
0.12
102
85 (44)
37 (43)
32 (48)
0.44
70 (28) 29 (28)
16 (44)
10 (33)
0.18
(38)
211
160 (83)
70 (80)
55 (82)
0.63
206
99 (94)
35 (97)
25 (83)
< 0.01
(80)
(83)
Screen time per day
240
217 (270) 270 (345) 315 (405) 0.07
255
225 (270) 240
323
0.35
(median, IQR) (minutes)
(300)
(330)
(263)
(375)
Meet MVPA
103
70 (36)
30 (34)
18 (27)
0.08
122
47 (45)
13 (36)
11 (37)
0.07
recommendation (n, %)
(39)
(49)
CESD, Center for Epidemiological Studies – Depression. SSB, sugar-sweetened beverage. MVPA, moderate-to-vigorous physical activity.
*P values were based on Mantel-Haenszel chi-square test or Fisher’s Exact test with Monte Carlo simulation for categorical variables, and linear
regression for continuous variables. Kruskal Wallis Test for non-normal variables (CESD scores and screen time).
†
Age- and sex-specific zBMI scores were calculated using self-reported weight and height.
‡
Median intakes of SSBs by gender: girls, ‘less than once per week’; boys, ‘1 – 2 times per week’.
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5.3.2

Gender-specific associations between restless sleep and SSB consumption
Table 5.2 shows the ORs of SSB consumption with restless sleep overall, and by gender.

Overall, those with persistent restless sleep were 89% more likely to consume SSB daily
compared to no restless sleep in the unadjusted model (OR: 1.89 (95% CI: 1.04, 3.46)), but the
result was attenuated after adjusting for confounders. Differing patterns of association were seen
by gender. Girls with persistent restless sleep showed a non-significant higher odds of drinking
SSB daily compared to no restless sleep group (2.35 (0.86, 6.43)). There was a non-significant
U-shaped relationship between restless sleep and daily SSB intake in boys: boys with occasional
restless sleep were less likely to drink SSBs daily but those with persistent restless sleep were
more likely compared to reference of none.
With above-median SSB measures, girls and boys both showed non-significant results
from multivariable-adjusted models. Finally, any SSB consumption was significantly more likely
among boys with occasional restless sleep compared to no restless sleep group (3.21 (1.31,
7.88)); however, the odds of any SSB intake in boys with persistent restless sleep was smaller
and not significant. Results for girls were non-significant and not consistent across outcome
measures of SSB intake.
Sensitivity results showed similar ORs as the main results after replacing covariables or
adding health habits, depression, and health status (Appendix B.1-3). Of note, the overall
association between occasional restless sleep and any SSB consumption minimally attenuated
and lost statistical significance after adjusting for self-rated health (Model D, Appendix B.1).
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Table 5.2 The associations between three measures of SSB consumption and levels of
restless sleep overall, and by gender in the BASUS Cohort (N = 1031)
Restless sleep during the past week
None
Occasional
Persistent
Models
(< 1 day)
(1 – 2 day)
(3 – 7 day)
Reference
OR
CI95
OR
CI95
Daily SSB
Overall* Unadjusted 1
0.87
0.45, 1.68
1.89
1.04, 3.46
consumption
Adjusted§
1
0.79
0.40, 1.56
1.77
0.95, 3.30
Girls†
Unadjusted 1
1.60
0.57, 4.50
2.56
0.95, 6.87
Adjusted‖
1
1.56
0.55, 4.44
2.35
0.86 6.43
Boys‡
Unadjusted 1
0.57
0.23, 1.43
1.67
0.76, 3.70
Adjusted‖
1
0.49
0.19, 1.26
1.59
0.70, 3.65
AboveOverall* Unadjusted 1
1.16
0.86, 1.57
1.39
1.00, 1.93
§
median SSB
Adjusted
1
1.07
0.78, 1.46
1.19
0.84, 1.67
consumption Girls†
Unadjusted 1
1.27
0.87, 1.85
1.30
0.87, 1.94
‖
Adjusted
1
1.18
0.80, 1.74
1.09
0.72, 1.66
Boys‡
Unadjusted 1
0.98
0.59, 1.62
1.66
0.94, 2.93
Adjusted‖
1
0.87
0.51, 1.47
1.47
0.82, 2.64
Any SSB
Overall* Unadjusted 1
1.69
1.12, 2.55
1.34
0.88, 2.07
consumption
Adjusted§
1
1.56
1.02, 2.37
1.18
0.76, 1.83
Girls†
Unadjusted 1
1.28
0.79, 2.07
1.10
0.67, 1.82
‖
Adjusted
1
1.17
0.71, 1.91
0.95
0.57, 1.60
Boys‡
Unadjusted 1
3.44
1.42, 8.36
2.09
0.85, 5.14
‖
Adjusted
1
3.21
1.31, 7.88
1.88
0.75, 4.68
*Overall models did not include an interaction term between gender and social jetlag levels. Genderspecific models used interaction terms with reverse coding of the reference († girls=0; ‡boys=0).
§

Multivariable logistic regression were adjusted for gender (girls/boys), pubertal stages (pre-pubertal,
early pubertal, mid-pubertal, late pubertal, post-pubertal (reference)), ethnic identity (White (reference),
Asian, Aboriginal, or Other (Latino, Black, and Other)), family income as perceived relative to peers (far
above average/quite a bit average (reference), a little above, average, a little below, and quite a bit
below/far below), moderate-to-vigorous physical activity (meeting the guideline (reference), not meeting
the guideline) and sedentary behaviour (screen time per day in minutes).
‖

Multivariable logistic regression using interaction terms were sequentially adjusted for pubertal stages,
ethnic identity, family income as perceived relative to peers, moderate-to-vigorous physical activity and
sedentary behaviour.
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5.3.3

Gender-specific associations between sleep duration and SSB consumption
Table 5.3 shows the ORs of SSB intake associated with every one hour increase in

weekday sleep duration, with statistically significant results only observed among boys.
Multivariable-adjusted models revealed that one additional hour during weekdays was associated
with a lower but insignificant odds of drinking SSBs daily (Girls: 0.96 (0.62, 1.48); Boys: 0.97
(0.69, 1.37)). Notably, sleep duration in boys was significantly associated with lower odds of
drinking above-median consumption (0.77 (0.61, 1.00) and lower odds of any SSB intake (0.71
(0.52, 0.97).
The direction and magnitude of the associations in sensitivity analyses were similar to the
main results, with one exception. Again, adding self-rated health attenuated the significant
association of sleep duration and above-median and any SSB intake in boys (Appendix B.4).
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Table 5.3 The associations between three measures of SSB consumption and every one
hour increase in sleep duration on weekdays overall, girls and boys in the BASUS Cohort
(N = 1031)
Every one hour increase in sleep
duration on weekdays
Models
OR
95% CI
Daily SSB
Overall* Unadjusted
0.880
0.678, 1.142
consumption
Adjusted§
0.966
0.732, 1.275
Girls†
Unadjusted
0.883
0.582, 1.338
Adjusted‖
0.955
0.615, 1.482
Boys‡
Unadjusted
0.879
0.629, 1.227
Adjusted‖
0.973
0.689, 1.374
AboveOverall* Unadjusted
0.812
0.711, 0.928
median SSB
Adjusted§
0.861
0.746, 0.993
consumption Girls†
Unadjusted
0.876
0.741, 1.037
‖
Adjusted
0.923
0.772, 1.103
Boys‡
Unadjusted
0.715
0.573, 0.891
‖
Adjusted
0.770
0.614, 0.996
Any SSB
Overall* Unadjusted
0.878
0.740, 1.043
consumption
Adjusted§
0.923
0.769, 1.108
Girls†
Unadjusted
1.000
0.810, 1.234
Adjusted‖
1.059
0.848, 1.324
Boys‡
Unadjusted
0.674
0.496, 0.916
Adjusted‖
0.706
0.516, 0.967
*Overall models did not include an interaction term between gender and social jetlag levels. Genderspecific models used interaction terms with reverse coding of the reference († girls=0; ‡boys=0).
§

Multivariable logistic regression were adjusted for gender (girls/boys), pubertal stages (pre-pubertal,
early pubertal, mid-pubertal, late pubertal, post-pubertal (reference)), ethnic identity (White (reference),
Asian, Aboriginal, or Other (Latino, Black, and Other)), family income as perceived relative to peers (far
above average/quite a bit average (reference), a little above, average, a little below, and quite a bit
below/far below), moderate-to-vigorous physical activity (meeting the guideline (reference), not meeting
the guideline) and sedentary behaviour (screen time per day in minutes).
‖

Multivariable logistic regression using interaction terms were sequentially adjusted for pubertal stages,
ethnic identity, family income as perceived relative to peers, moderate-to-vigorous physical activity and
sedentary behaviour.

73

5.4

Discussion
This chapter described the gender-specific associations of restless sleep and sleep

duration with SSB consumption in BC adolescents. The results showed that more girls
experienced occasional and persistent restless sleep compared to boys, and I found that restless
sleep was associated with ethnicity in boys, with family income in girls, and with physical and
mental health in both genders, based on bivariate analyses. For both restless sleep and sleep
duration, multivariable logistic regression models indicated that occasional restless sleep was
associated with any SSB intake in boys, and greater sleep duration was associated with lower
odds of above-median and any SSB intake in boys. However, an insignificant U-shaped
relationship was observed among boys with restless sleep and daily SSB intake, indicating that
boys with occasional restless sleep were less likely to consume SSBs daily whereas those with
persistent were more likely. Neither restless sleep nor sleep duration were associated with SSB
intakes in teen girls.
The consideration of restless sleep in current nutrition science literature is limited, and no
study has used the restless sleep question from CESD questionnaire to examine the association of
sleep quality with SSB intake among adolescents. One recent study on college students globally
analyzed fruit and vegetable consumption in relation to restless sleep, and they found that
consuming 5 servings of fruit and vegetable per day is associated with 34% decrease in odds for
restless sleep versus 0-1 serving per day.(198) Restless sleep was defined in their study as 3-4 days
or 5-7 days of restless sleep per week, equivalent to persistent restless sleep in this chapter.
Studies assessing sleep quality commonly use the PSQI score, with a score above 5 used to
define ‘poor sleeper’. A study of SSB intake among Malaysian adolescents aged 12-16 years
reported that poor sleep quality (β = 0.228, p < 0.001) is associated with higher SSB intake.(196)
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Another recent study on Bangladesh adolescents found that those who consumed soft drinks
three or more times per day were twofold more likely to report sleep disturbance than those who
consumed soft drinks less than once a day (OR 2.05, 95% CI 1.01-4.18).(199) In that study, the
authors measured anxiety-induced sleep disturbance by asking ‘During the past 12 months, how
often have you been so worried about something that you could not sleep at night’ with response
options of ‘never’, ‘sometimes’, ‘most of the time’, and ‘always’, and they classify those who
reported ‘most of the time’ and ‘always’ as having sleep disturbance.(199) However, none of the
studies reported gender differences in these relationships. Moreover, studies assessing sleep
quality and SSB consumption aim to determine whether SSBs, especially energy drinks, as a
dietary exposure affecting sleep quality. A systematic review indicates that caffeine in SSBs is
associated with longer sleep onset latency and wake time after sleep onset among children and
adolescents.(200) Therefore, a long-term prospective study design is needed to assess the causality
between sleep quality and SSB intake in adolescents.
Compared to restless sleep, the majority of studies have focused on the relationship
between sleep duration and SSB intake. In a large province-wide school-based Ontario study of
more than 9000 children and adolescents, short sleep duration was found to be associated with
higher odds of SSB consumption among middle school students (OR: 1.64 (95% CI: 1.18, 2.11)),
but not high school students (1.06 (0.86, 1.31)).(193) They also examined energy drinks separately
and found that short sleep duration was associated with higher odds of energy drink consumption
among both middle school (1.60 (1.10, 2.34)) and high school students (1.78 (1.38-2.30)).(193) In
that study, the authors also used a single SSB question to assess the frequency of SSB
consumption in the last 7 days, and the SSB measure they used was a dichotomous measure of
‘consumer’ versus ‘non-consumer’, which is the same as the ‘any SSB intake’ measure in this
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chapter. That study differed by constructing a binary variable for sleep duration, which makes
the effect sizes non-comparable. Furthermore, thay did not report results for boys and girls.
Nevertheless, my finding is consistent with previous research in showing that longer sleep
duration is associated with lower odds of any SSB intake, although significant results were found
only among boys in BC.
The gender differences observed in this chapter were somewhat surprising. I
hypothesized that girls may be more vulnerable to poor sleep and short sleep duration and may
have a stronger association with SSB intake due to the effect of pubertal maturation. A birth
cohort study of 1106 children in Québec found that girls who had short sleep duration consumed
soft drinks more often (≥1 per day) than those with adequate sleep, and the association was not
found in boys.(29) However, their population are children aged 6-7 years, thus it is different from
adolescents who are going through pubertal maturation. A large cross-sectional study of more
than 60,000 Chinese adolescents found that boys aged 13-17 years with <7 hours of sleep were
significantly more likely to consume sugary beverages (OR: 1.25 (95%CI: 1.04, 1.50)), but girls
showed insignificant results.(201) That research assessed the number of servings of sugary
beverage per day with one serving being 250 ml, and included soda, energy drinks, milk drinks,
juice with sugar, and other beverages that contain sugar(202) – similar to this chapter. Another
study on adolescents reported gender differences among short sleepers, with boys consuming
soft drinks more often but girls tending to eat fast food.(30)
One of the explanations for the gender differences observed in prior work as well as my
findings related to natural selection and physiological differences between males and
females.(203) Males are more vulnerable to environmental stress than females because there are
stronger selective pressures on females to maximize reproductive success which depends on
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physiological resilience to stress.(203) Thus, females may need worse sleep quality and shorter
sleep duration to be affected in terms of health or health behaviours. Moreover, sleep and stress
response (Hypothalamic-Pituitary-Adrenal (HPA) axis) interact in different ways and
physiological reactivities are also sex-specific.(171,172) It is likely that when boys are exposed to
poor sleep quality and short sleep duration, they are more likely to crave sugary drinks than girls.
Furthermore, researchers also found that there are gender differences in coping strategies when
dealing with external stressors that girls tend to seek social support and problem-solving whereas
boys tend to use avoidant coping strategies in children and adolescents.(204) Potentially, when
girls are exposed to poor sleep in both quality and quantity, they may seek other possible coping
strategies other than consuming SSBs. Nevertheless, more research is needed to better
understand these gender differences in the role of sleep quality and quantity for SSB
consumption in adolescents.
This chapter has several strengths and limitations. The key strength is the use of
population-based data from youth in BC with unique covariables including pubertal stages that
are rare in adolescent research. It added valuable information on the sleep and SSB intake
relationship which can inform future studies with more robust study designs that can address
questions for local public health policy tailored specifically for BC adolescents. Another strength
is that this chapter reported associations for girls and boys separately, and such gender-specific
associations are very limited in current literature, especially around sleep quality. My sensitivity
analyses also add additional robustness to my results by replacing or adjusting for additional
confounders including social determinants of health. However, several limitations must be
considered in this chapter. First of all, a single question of weekly restless sleep occurrence was
used to measure sleep quality. Although this question is highly correlated to the PSQI score, it
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cannot capture different components of poor sleep such as sleep latency, sleepiness during the
day, and sleep efficiency.(85) Secondly, this chapter also used a single SSB question to measure
SSB intake which only captured frequency and cannot separate caffeinated and non-caffeinated
drinks. Nevertheless, this question is broader than most other SSB measures that only reflect soft
drink intake and not also flavoured coffee or energy drinks. Lastly, self-reported information
may contain reporting bias and measurement error. With the cross-sectional study design, causal
inference cannot be determined.

5.5

Conclusion
This chapter examined the gender-specific associations of restless sleep and sleep

duration with SSB consumption among BC adolescents. Findings suggested that more restless
sleep was associated with higher odds any SSB intake in boys and that longer weekday sleep
duration was linked to lower odds of above-median and any SSB in boys. No clear associations
were seen in girls. The results suggest that sleep quality and sleep quantity may be relevant to
SSB intakes in adolescents boys in BC which warrants further investigation using longitudinal
study design more comprehensive sleep and SSB questionnaires, and a larger sample size.
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Chapter 6: Discussion and Conclusion
6.1

Summary of findings
This thesis explored the prevalences of sleep deficits and SSB consumption and

examined the gender-specific associations between multiple sleep deficits and SSB consumption
in late adolescence. It also provided an overview of the health and behaviour characteristics of
the population sample with unique gendered patterns. A total of 1031 BC adolescents were
included in the analyses.
Overall, girls had worse sleep than boys, but boys consumed SSBs more frequently.
About two-thirds of the sample reported more than one hour of social jetlag, and girls had higher
social jetlag than boys (mean social jetlag for girls: 1.64h ± 0.72; for boys: 1.52h ± 0.75). Girls
also experienced restless sleep more often (persistent restless sleep for girls: 25%; for boys:
16%) and shorter weekday sleep duration compared to boys (mean weekday sleep duration for
girls: 8.39h ± 0.96; for boys: 8.64h ± 0.97). The percent of daily SSB intake for boys was double
the percent for girls (Girls: 4%; Boys: 10%), and 87% of boys compared to 81% of girls reported
that they drink any SSB in a week. The median intake option for girls was ‘less than once per
week’ and was ‘1-2 times per week’ for boys.
Multivariable regression models showed that girls with 1-2 hours of social jetlag were
more likely to consume any SSB (OR: 1.81 (95% CI: 1.15, 2.85)), and those with over 2 hours of
social jetlag were more likely to consume above-median SSBs (1.63 (1.01, 2.65)) and any SSB
(1.97 (1.06, 3.66)), compared to ≤1h of social jetlag group. Boys with over 2 hours of social
jetlag also showed higher odds of drinking any SSB, but the results did not reach statistical
significance (1.70 (0.65, 4.43)). A U-shaped relationship was observed between 3 levels of social
jetlag and daily SSB intake in both boys and girls.
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The results for restless sleep were less consistent, but boys with occasional restless sleep
showed a significant positive association with any SSB consumption (3.21 (1.31, 7.88)),
compared to no restless sleep group. There was also an inverse but insignificant association
between occasional restless sleep and daily SSB intake among boys (0.49 (0.19, 1.26)). For girls,
greater frequency of restless sleep showed a consistent increase in the odds of daily SSB intake,
but the ORs were not significant. With every hour increase in weekday sleep duration, boys were
less likely to consume above-median (0.77 (0.61, 1.00)) or any SSB (0.71 (0.52, 0.97)). These
results were not seen in girls for any SSB outcome, nor in boys for daily SSB intake.
In addition to findings for the main associations examined, other health and behaviour
characteristics also showed interesting gender-specific patterns that may have public health
implications. In this sample, more boys (9%) were obese compared to girls (5%), and boys’
mean zBMI (0.42 ± 1.12) was higher than girls (0.18 ± 1.0). Self-rated health showed that 32%
of boys rated their health as ‘Excellent’ compared to only 16% of girls. In addition, the CESD
score, as a screening measure of depression, was also higher in girls compared to boys (median
CESD score for girls: 13 ± 16; for boys: 8 ± 9), with 20 or higher indicating depressive
symptomology. Moreover, nearly half of boys compared to about a third of girls met MVPA
recommendations. Based on the demographic characteristics, although more boys were obese
and had higher zBMI, girls had lower self-rated health, higher CESD score, and were less
physically active than boys.

6.2

Gender-specific patterns
In this thesis, gender-specific patterns were found in the associations between sleep

deficits and SSB consumption in adolescents. Specifically, girls showed stronger associations
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between social jetlag and SSB consumption, while significant findings were found only in boys
in associations of restless sleep and sleep duration with SSB consumption. Although more
evidence is needed to confirm the results, it is interesting to see the gender patterns with different
types of sleep deficits in this thesis. As previously mentioned, girls enter pubertal maturation
stages around 1 year earlier than boys, which also coincides with delaying in chronotype.(7) A
study indicated that girls usually delay their chronotype around 15-19.5 years while boys at 1821 years.(7) Social jetlag, as a measure of poor sleep timing, is usually observed among those
who have late chronotype(6) and thus may have more effect on girls compared to boys. One study
that examined the gender differences on the effect of social jetlag also found that social jetlag
greatly hinders girls’ academic performance and cognitive abilities than boys. In addition,
considering the gender role, girls may have more grooming routines and household chores that
may force them to wake up earlier and go to bed later than boys during school days. (137) This
would lead to greater social jetlag among girls, and this concept has been identified as ‘gender
jetlag’, which describes the mismatch between gender roles and biological times. (205)
Unlike sleep timing which is associated with pubertal maturation, sleep quality and
duration may have different mechanisms in the relationship with SSB consumption. In this
thesis, more girls experienced poor sleep quality and shorter sleep duration. However, the
associations with SSB consumption were all insignificant, which potentially due to gendered
coping strategies as I described earlier in Chapter 5 that girls tend to seek social supports and
problem-solving methods and boys tend to use avoidant coping strategies.(204) A study that
examined the coping strategies with sleep disturbances among first-year college students also
found a higher proportion of boys tried to ignore the problem than girls while a higher proportion
of girls tried to cope by taking naps than boys.(206) Studies have also shown that stimulant use
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(caffeine, alcohol, tobacco) may be another coping strategy for stress-related outcomes(70,207),
although gender difference was not discussed. It is likely that boys in this BASUS cohort were
more likely to choose stimulants such as caffeinated drinks to cope with poor sleep compared to
girls. In addition, poor sleep is closely related to sex-specific stress responses that start to
differentiate between boys and girls during adolescence.(178) These biological responses may
influence leptin and ghrelin levels, which may in turn trigger sugar craving.(179)
Although several potential mechanisms have been discussed, more research is needed to
confirm the findings in this thesis. More attention should be paid to the gender differences in the
adolescent population as they are undergoing crucial transitioning stages, and adverse health
problems or behaviours may have long-lasting impacts.

6.3

Significance of findings
This thesis complements current evidence on the gender-specific relationships between

three types of sleep deficits and SSB consumption using a unique BC adolescent population
dataset. The majority of studies in current literature have focused on sleep duration and did not
report gender-specific results.(3,25,35,208,209) In addition, many of them only focused on soda intake
and did not capture a variety of SSBs(11,15,29,94,210) which my thesis did. The results of this thesis
are particularly useful to inform future research and policies on school start time and genderspecific sleep hygiene education. This thesis also brings attention to the SSB consumption
among the adolescent population that could support BC provincial soda tax that was
implemented in April 2021.(24) Moreover, the significant differences in CESD score between
genders indicated the need for mental health supports, especially for adolescent girls.

82

6.3.1

Delaying school start time
As adolescents start entering pubertal stages, the timing of their sleep schedule shifts

towards a later bedtime.(7) This means that they have more difficulties falling asleep early in
order to get up on time for school. Biology-driven later bedtime together with early school start
time, means that adolescents are particularly vulnerable to social jetlag and sleep deprivation. (211)
In BC, long commute time is another factor that forces teenagers to get up early for school and
studies have shown that compared to teens that have less than 30 minutes of commute time,
those with at least an hour of commute time are less likely to eat breakfast on school days, rate
mental health as good or excellent, or have enough sleep.(212)
In order to address social jetlag and sleep deprivation problems among BC adolescents,
delaying school start time is worth discussing. For the 2020-21 school year, several BC
secondary schools start their first session around 8:30am – 9:15am(213–216), which is consistent
with the school start times reported in a Canadian study that used 2013/14 Health Behaviour in
School-aged Children.(217) They found that with every 10-minutes delay in school start time,
students can get 3.2 additional minutes of sleep and a 1.6% higher probability to get sufficient
sleep.(217) One study on 12-14 years of adolescents showed that afternoon school start time
(12:30pm to 17:30pm) could help to ease social jetlag and sleep deprivation compared to
morning school shift (7:00am to 12:00pm).(166) Based on the high prevalence of social jetlag and
its significant association with SSB intake in girls found in this thesis, future research is
warranted to inform policies on delaying school start time as a way to address social jetlag and
sleep deprivation problem among BC adolescents.
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6.3.2

School-based sleep hygiene education
This thesis found that girls had higher social jetlag, more restless sleep nights per week,

and shorter sleep duration on weekdays than boys, which inform a need to implement genderspecific sleep hygiene education for BC adolescents, particularly for girls. Although further
delaying school start time can help to address social jetlag and sleep deprivation, integrating
sleep hygiene education is also important to promote teens’ sleep health from sleep timing,
quality, and quantity aspects.(90) In addition to increasing awareness of sleep health, it is also a
way to increase knowledge regarding sleep behaviours, factors associated with it, and potential
physical and mental health outcomes. Gruber et al. (2019) have examined sleep health education
in Quebec and have indicated the decentralization of the Canadian public schools leads to local
and uneven decision-making by each school on integrating sleep hygiene education.(90) Although
multiple barriers are identified by Gruber et al. (2019), they mentioned that successful programs
on sleep hygiene education would have long-lasting positive impacts on students’ overall health
and performance.(90) A very recent review article on school-based sleep education confirmed that
it is an effective method to improve sleep health education, and they also reported exponential
growth in school-based sleep education programs since 2015 across different countries.(218) This
thesis could potentially add to the current evidence on revealing the needs of gender-specific
sleep hygiene education for the BC public school system.

6.3.3

Supporting BC provincial soda tax
On April 1st, 2021, the BC government started a 7% provincial sales tax on all carbonated

beverages that contain sugar, natural or artificial sweeteners.(24) It has been identified as a health
initiative to address the negative health outcomes associated with sugary drink intake such as
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obesity and diabetes, and the revenue generated would help with health care.(219) This action
indeed shows the desire of the public health goal of limiting sugary drink consumption in BC.
Adolescents, as the second highest SSB consumer(16), could potentially gain benefits from this
taxation. A systematic review paper indicates that the SSB tax significantly influences planned
purchase, which in turn can reduce sugar intake.(23) In fact, many places have implemented SSB
tax including certain cities and states in the United States, Mexico, certain European, Asia, and
Pacific countries, and has been shown as an effective way to limit SSB consumption. However,
Popkin et al. (2021) indicated that the effectiveness varied based on the baseline level of
consumption and the taxation should match the objective.(220) For example, BC’s goal is to limit
SSB consumption and promote health outcomes, then implementing tax based on sugar density
would be more efficient.(220) Although carbonated beverages are only one kind of SSBs, it is the
first step in BC to take action to limit SSB consumption, promote healthy dietary behaviours, and
reduce chronic disease incidence. This thesis used SSB intake as the outcome and examined
sleep as another modifiable risk factor of SSB consumption, and indicated some sleep deficits
are linked to SSB consumption among adolescents in BC. It could serve as a steppingstone to
further evaluate the causal direction in these associations and better inform public policies on
SSB consumption.

6.3.4

Mental health support for adolescents
In addition to the main findings of sleep deficits and SSB consumption, this thesis also

found a high prevalence of depression symptoms, especially among girls. This finding is
consistent with another Canadian study that examined the prevalence of mental health problems
from 2011 to 2018.(221) They found that 4-10% of adolescent females ranked second for the
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largest increase in perceived poor/fair mental health, with the first one being young adult females
(5.4 – 15.6%).(221) Together with the findings in this thesis, there is a need for mental health
screening and active supports for the adolescent population at school or community levels,
especially for girls. It’s also worth noting that these studies used datasets that were collected
prior to COVID-19. Statistics Canada shows that the pandemic has largely negatively influenced
Canadian youth mental health since the beginning of the pandemic.(222) Therefore, additional
mental health resources and services should be provided to adolescents and their parents to
promote positive mental health.

6.4

Strengths and limitations
Several strengths were identified in this thesis. First, the study population was from a

large and representative population-based cohort of ethnically diverse adolescents in BC, with
unique demographic and health characteristics such as pubertal stages and risk-taking behaviours
not found elsewhere. Adjusting for these variables added extra robustness to my models to
ensure more accurate results than current literature relying on age only. Secondly, this study
examined three types of sleep deficits including social jetlag, restless sleep, and sleep duration,
which provided a comprehensive picture of sleep problems among adolescents and how each
sleep variable related to SSB consumption. Third, this thesis focused on gender-specific
associations rather than the overall effect, by leveraging he benefits of interaction terms between
sleep variables and gender; compared to stratification, the results generated by the interaction
terms can be generalized to the entire original sample.(184) Finally, although there was only one
SSB question available in the dataset, three SSB measures were constructed to examine the daily,
above gender-specific median, and any SSB intake in order to target appropriate clinical
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significance and public health interventions to inform future research in this area. The SSB
question also captured a wider range of SSBs than other studies that used a single
question.(35,128,129,133)
This thesis also comes with multiple limitations that pose a need for future research. This
thesis examined cross-sectional associations between sleep deficits and SSB consumption, which
means that it cannot determine the causality of the associations. In addition, despite that the
overall sample size was adequate for analysis, certain subgroup sample sizes were a concern, and
some levels of exposure variables needed to be collapsed such as restless sleep. To address the
rare event problem for restless sleep, I have tried Firth’s Penalized Likelihood method by adding
‘/FIRTH’ after the model equation in SAS.(223) This method was first introduced by David Firth
and has been shown as an effective tool to address small sample bias in the dataset by placing a
penalty term on the traditional maximum likelihood function.(224) However, the results did not
differ much from the traditional logistic regression (Appendix C.1). Another limitation is that the
self-reported information in the survey may contain reporting bias and measurement error which
are common for this type of data. Particularly for SSB consumption, a single question may likely
underestimate the actual SSB intake compared to a comprehensive dietary and beverage
consumption questionnaire. For obese individuals, they may potentially under-report their actual
SSB intake which may lead to social desirability bias.

6.5

Future research direction
This research adds to the limited evidence concerning the prevalence of sleep deficits and

SSB consumption as well as their relationships among adolescents. To better inform potential
public health policies, a longitudinal or experimental study design is needed to confirm the
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temporality of the associations between sleep deficits and SSB consumption in adolescents. In
addition, future studies should consider using objective sleep measures such as actigraphy
devices to accurately track sleep duration, timing, and quality, and using a comprehensive sugary
beverage questionnaire that separates caffeinated and non-caffeinated drinks. The questionnaire
should capture not only a variety of SSBs, but also the amount, frequency, and timing of SSB
intake to understand whether teenagers drink SSBs in the morning or before bed. Statistically, a
higher sample size can help to increase statistical power and minimize the concern of small
subgroup sample size. Future research should continue to address gender-specific impacts in
these associations as different gendered patterns were found in this thesis. It is also worth
investigating the U-shaped associations of social jetlag and restless sleep with daily SSB intake.

6.6

Conclusion
This thesis examined the gender-specific associations between multiple sleep deficits and

SSB consumption among BC adolescents. While social jetlag appeared to be associated with
frequent SSB consumption in girls, significant associations were found only in boys for restless
sleep and sleep duration. The thesis also revealed a need to address the high prevalence of social
jetlag and poor sleep quality, especially for girls. Lastly, my findings can inform future research
aimed at developing public health policies on delaying school start time and gender-specific
sleep hygiene education. Future studies need to use a more accurate sleep measurement and a
comprehensive dietary questionnaire for SSB intake.
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Appendices
Appendix A
A.1
Sensitivity analysis of the association between social jetlag and odds of SSB intakes overall in the BASUS Cohort (N =
1031)
Model A
OR

Model B
CI95

Model C
OR
CI95
OR
Daily SSB consumption

CI95

Model D
OR
CI95

Model E
OR
CI95

Model F
OR
CI95

Social Jetlag
≤1 hour
> 1 h and ≤ 2 h
>2 h

Ref.
0.56
0.31, 1.01

Ref.
0.50
0.28, 0.91

Ref.
Ref.
Ref.
Ref.
0.53
0.29, 0.97 0.49 0.27, 0.90 0.55 0.31, 1.00 0.57 0.31, 1.03

1.09

0.98

1.05

0.55, 2.17

0.49, 1.96

0.52, 2.09 1.10

0.54, 2.24 1.10 0.55, 2.19 1.12 0.56, 2.25

Above-median SSB consumption
Social jetlag
≤1 hour
> 1 h and ≤ 2 h

1.20

Ref.
0.89, 1.62

>2 h

1.32

0.90, 1.95

Social jetlag
≤1 hour
> 1 h and ≤ 2 h
>2 h

1.67
1.83

Ref.
1.16, 2.41
1.09, 3.09

1.18

Ref.
0.87, 1.59

1.14

1.33 0.90, 1.96
1.30
Any SSB consumption
1.66
1.86

Ref.
1.16, 2.40 1.67
1.11, 3.13 1.92

Ref.
Ref.
Ref.
Ref.
0.84, 1.55 1.14 0.84, 1.55 1.19 0.89, 1.62 1.22 0.90, 1.65
0.88, 1.93 1.34

Ref.
1.16, 2.41
1.13, 3.23

1.50
1.81

0.91, 1.99 1.36 0.92, 2.00 1.38 0.93, 2.04

Ref.
Ref.
Ref.
1.03, 2.18 1.64 1.14, 2.37 1.68 1.16, 2.43
1.06, 3.07 1.86 1.10, 3.13 1.89 1.12, 3.19

SSB, sugar-sweetened beverage.
Model A: Replaced pubertal stage with age.
Model B: Replaced household financial situation with maternal education.
Model C: Added health habits (alcohol, tobacco, and illicit drugs).
Model D: Added Self-rated Health.
Model E: Added zBMI.
Model F: Added CESD score.
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A.2
Sensitivity analysis of the association between social jetlag and odds of SSB intakes in girls in the BASUS Cohort (N =
1031)
Model A
OR
CI95

Model B
Model C
OR
CI95
OR
CI95
Daily SSB consumption

Model D
OR
CI95

Model E
OR
CI95

Model F
OR
CI95

Social Jetlag
≤1 hour
Ref.
Ref.
> 1 h and ≤ 2 h 0.53 0.21, 1.35 0.50 0.20, 1.28
>2 h

0.93

0.32, 2.66 0.88 0.31, 2.53

Ref.
0.50

0.19, 1.26

Ref.
Ref.
0.51 0.20, 1.30 0.51 0.20, 1.29

0.90

0.31, 2.60

1.00 0.34, 2.92 0.92

0.32, 2.64

Ref.
0.53 0.21, 1.35
0.92 0.32, 2.65

Above-median SSB consumption
Social jetlag
≤1 hour

Ref.

> 1 h and ≤ 2 h 1.29
>2 h

1.61

Ref.

0.88, 1.89 1.26 0.86, 1.85

Ref.

Ref.

Ref.

0.83, 1.80

1.26 0.85, 1.85 1.27 0.87, 1.88

1.30 0.89, 1.92

0.99, 2.60 1.61 0.99, 2.61
1.55
0.96, 2.52
Any SSB consumption

1.67 1.03, 2.73 1.64 1.01, 2.66

1.65 1.02, 2.68

Ref.
Ref.
1.70 1.07, 2.70 1.81 1.15, 2.85
1.90 1.01, 3.56 1.96 1.06, 3.65

Ref.
1.84 1.17, 2.91
1.98 1.06, 3.69

Social jetlag
≤1 hour
Ref.
Ref.
> 1 h and ≤ 2 h 1.85 1.18, 2.92 1.82 1.16, 2.87
>2 h
1.96 1.05, 3.63 1.97 1.06, 3.66

1.22

Ref.

1.82
1.99

Ref.
1.15, 2.88
1.07, 3.71

SSB, sugar-sweetened beverage.
Model A: Replaced pubertal stage with age.
Model B: Replaced household financial situation with maternal education.
Model C: Added health habits (alcohol, tobacco, and illicit drugs).
Model D: Added Self-rated Health.
Model E: Added zBMI.
Model F: Added CESD score.
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A.3
Sensitivity analysis of the association between social jetlag and odds of SSB intakes in boys in the BASUS Cohort (N =
1031)
Model A
OR
CI95

Model B
OR
CI95

Model C
Model D
OR
CI95
OR
CI95
Daily SSB consumption

Model E
OR
CI95

OR

Model F
CI95

Social Jetlag
≤1 hour

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.

> 1 h and ≤ 2 h

0.58

0.27, 1.25

0.50

0.23, 1.08

0.55

0.26, 1.20

0.48

0.22, 1.05

0.58

0.27, 1.26

0.59

0.28, 1.28

>2 h

1.23

0.50, 3.03

1.07

0.43, 2.66

1.17

0.47, 2.90

1.20

0.47, 3.05

1.25

0.51, 3.10

1.31

0.53, 3.26

Above-median SSB consumption
Social jetlag
≤1 hour

Ref.

Ref.

> 1 h and ≤ 2 h

1.07

0.66, 1.73

1.07

0.66, 1.73

>2 h

0.92

0.47, 1.79

0.92

0.47, 1.80

Social jetlag
≤1 hour
> 1 h and ≤ 2 h
>2 h

1.39
1.63

Ref.
0.75, 2.57
0.62, 4.25

Ref.
1.41 0.77, 2.61
1.67 0.64, 4.37

Ref.
1.04

Ref.

Ref.

0.98

0.61, 1.61

1.08

0.67, 1.75

1.09

0.68, 1.77

0.94 0.48, 1.84 0.88
Any SSB consumption

0.45, 1.75

0.95

0.49, 1.85

0.98

0.50, 1.91

Ref.
1.38 0.75, 2.56
1.68 0.64, 4.40

1.42
1.75

Ref.
0.77, 2.64
0.67, 4.59

1.43
1.80

0.64, 1.68

Ref.

Ref.
0.77, 2.65
0.68, 4.73

1.20
1.69

Ref.
0.64, 2.24
0.64, 4.47

SSB, sugar-sweetened beverage.
Model A: Replaced pubertal stage with age.
Model B: Replaced household financial situation with maternal education.
Model C: Added health habits (alcohol, tobacco, and illicit drugs).
Model D: Added Self-rated Health.
Model E: Added zBMI.
Model F: Added CESD score.
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Appendix B
B.1
Sensitivity analysis of the association between level of restless sleep and odds of SSB intakes overall in the BASUS
Cohort (N = 1031)
Model A
OR
CI95

Model B
OR

Model C
Model D
CI95
OR
CI95
OR
Daily SSB consumption

CI95

Model E
OR CI95

Model F
OR
CI95

Restless sleep
< 1 day

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.

1 – 2 day 0.82 0.42, 1.60

0.79

0.41, 1.55 0.80

0.40, 1.57

0.72

0.36, 1.43 0.80 0.40, 1.56 0.78 0.40, 1.54

3 – 7 day 1.74 0.93, 3.26

1.65

0.88, 3.10 1.73

0.92, 3.27

1.40

0.72, 2.70 1.75 0.94, 3.27 1.60 0.84, 3.05

Above-median SSB consumption
Restless sleep
< 1 day
Ref.

Ref.

Ref.

Ref.

Ref.

Ref.

1 – 2 day 1.06 0.78, 1.45

1.09

0.80, 1.48

1.05

1.00 0.73, 1.37 1.07

0.78, 1.46 1.06 0.78, 1.45

3 – 7 day 1.17 0.83, 1.65

1.19

0.85, 1.67

1.14
0.81, 1.62
1.08 0.76, 1.54 1.19
Any SSB consumption

0.84, 1.67 1.15 0.81, 1.63

Restless sleep
< 1 day
Ref.
Ref.
1 – 2 day 1.57 1.03, 2.38 1.61
1.06, 2.45
3 – 7 day 1.16 0.75, 1.80
1.21
0.78, 1.88

1.57
1.20

0.77, 1.44

Ref.
1.03, 2.39
0.77, 1.87

Ref.
Ref.
Ref.
1.47 0.96, 2.26 1.56 1.03, 2.37 1.52 1.00, 2.31
1.18 0.74, 1.87 1.18 0.76, 1.84 1.04 0.66, 1.64

SSB, sugar-sweetened beverage.
Model A: Replaced pubertal stage with age.
Model B: Replaced household financial situation with maternal education.
Model C: Added health habits (alcohol, tobacco, and illicit drugs).
Model D: Added self-rated health.
Model E: Added zBMI
Model F: Added depression as a health problem (12 months).
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B.2
Sensitivity analysis of the association between level of restless sleep and odds of SSB intakes in girls in the BASUS
Cohort (N = 1031)
Model A
OR
CI95

Model B
OR
CI95

Model C
Model D
OR
CI95
OR
Daily SSB consumption

CI95

Model E
OR
CI95

Model F
OR
CI95

Restless sleep
< 1 day
Ref.
Ref.
1 – 2 day 1.62 0.57, 4.63 1.53 0.54, 4.35
3 – 7 day 2.36 0.87, 6.43 2.20 0.81, 6.01

1.54

Ref.
0.54, 4.39

2.16

0.78, 5.95

1.33

Ref.
0.46, 3.80

Ref.
Ref.
1.53 0.54, 4.38 1.54 0.54, 4.38

1.76

0.63, 4.92

2.35 0.86, 6.43 2.02 0.72, 5.68

Above-median SSB consumption
Restless sleep
< 1 day

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.

1 – 2 day 1.16 0.78, 1.71 1.21 0.82, 1.78

1.17

1.10

0.74, 1.63

1.17 0.80, 1.73 1.17 0.79, 1.73

3 – 7 day 1.06 0.70, 1.61 1.11 0.73, 1.67

1.05
0.69, 1.60
0.98
Any SSB consumption

0.64, 1.50

1.09 0.72, 1.66 1.04 0.68, 1.60

Ref.
0.69, 1.88
0.56, 1.65

Ref.
Ref.
1.17 0.72, 1.92 1.12 0.68, 1.84
0.95 0.57, 1.60 0.81 0.48, 1.39

Restless sleep
< 1 day
Ref.
Ref.
1 – 2 day 1.16 0.71, 1.90 1.24 0.76, 2.02
3 – 7 day 0.93 0.55, 1.55 1.00 0.60, 1.67

1.18
0.98

0.79, 1.73

Ref.
0.72, 1.94
0.58, 1.65

1.14
0.96

SSB, sugar-sweetened beverage.
Model A: Replaced pubertal stage with age.
Model B: Replaced household financial situation with maternal education.
Model C: Added health habits (alcohol, tobacco, and illicit drugs).
Model D: Added self-rated health.
Model E: Added zBMI
Model F: Added depression as a health problem (12 months).
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B.3
Sensitivity analysis of the association between level of restless sleep and odds of SSB intakes in boys in the BASUS
Cohort (N = 1031)
Model A
OR
CI95

Model B
OR

Model C
Model D
CI95
OR
CI95
OR
Daily SSB consumption

Model E
CI95
OR CI95

Model F
OR
CI95

Restless sleep
< 1 day

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.

1 – 2 day 0.50 0.19, 1.28

0.49

0.19, 1.26 0.49

0.19, 1.27

0.45

0.17, 1.19 0.49 0.19, 1.27

0.48 0.18, 1.23

3 – 7 day 1.56 0.68, 3.56

1.48

0.64, 3.40 1.65

0.71, 3.80

1.34

0.56, 3.17 1.56 0.68, 3.58

1.50 0.65, 3.45

Above-median SSB consumption
Restless sleep
< 1 day

Ref.

Ref.

Ref.

Ref.

Ref.

Ref.

1 – 2 day 0.88 0.52, 1.49

0.88

0.52, 1.48

0.84

0.81 0.47, 1.37 0.87 0.52, 1.48

0.87 0.51, 1.47

3 – 7 day 1.50 0.83, 2.68

1.45

0.81, 2.62

1.43
0.80, 2.57
1.41 0.78, 2.55 1.46 0.81, 2.61
Any SSB consumption

1.44 0.80, 2.59

3.17
1.85

Ref.
1.29, 7.76
0.74, 4.62

Restless sleep
< 1 day
Ref.
1 – 2 day 3.28 1.34, 8.03
3 – 7 day 1.89 0.76, 4.71

3.17
1.87

0.50, 1.44

Ref.
1.29, 7.79
0.75, 4.67

Ref.
Ref.
2.82 1.14, 6.97 3.19 1.30, 7.83
1.80 0.71,4.56 1.90 0.76, 4.76

Ref.
3.20 1.30, 7.85
1.76 0.70, 4.42

SSB, sugar-sweetened beverage.
Model A: Replaced pubertal stage with age.
Model B: Replaced household financial situation with maternal education.
Model C: Added health habits (alcohol, tobacco, and illicit drugs).
Model D: Added self-rated health.
Model E: Added zBMI.
Model F: Added depression as a health problem (12 months).
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B.4
Sensitivity analysis of the association between every one hour increase in sleep duration and odds of SSB intakes
overall, and by gender, in the BASUS Cohort (N = 1031)
Model A
OR
CI95

OR

Model B
CI95

Overall

0.96

0.73, 1.26

0.97

0.73, 1.27

Model C
Model D
OR
CI95
OR
CI95
Daily SSB consumption
0.98
0.74, 1.29 1.04 0.78, 1.38

Girls
Boys

0.94
0.97

0.61, 1.45
0.69, 1.37

0.97
0.97

0.63, 1.49
0.68, 1.37

0.95
0.99

Overall

0.85

0.74, 0.99

0.85

0.74, 0.98

Girls

0.92

0.77, 1.10

0.91

0.76, 1.09

0.94

0.94

Boys

0.76

0.61, 0.96

0.76

0.61, 0.96

Overall
Girls
Boys

0.92
1.05
0.70

0.76, 1.10
0.84, 1.31
0.51, 0.96

0.91
1.03
0.70

0.75, 1.10
0.82, 1.28
0.51, 0.96

0.78
0.62, 0.98 0.80
Any SSB consumption
0.92
0.77, 1.10 0.95
1.06
0.85, 1.32 1.07
0.70
0.51, 0.96 0.76

OR

Model E
CI95

OR

Model F
CI95

0.96

0.73, 1.27

0.99

0.75, 1.30

0.96
0.97

0.62, 1.49
0.68, 1.37

0.99
0.98

0.64, 1.54
0.70, 1.38

Above-median SSB consumption
0.87
0.76, 1.01 0.89 0.77, 1.02 0.86

0.75, 1.00

0.87

0.76, 1.01

0.79, 1.13 0.93

0.77, 1.11

0.94

0.79, 1.13

0.64, 1.01 0.77

0.61, 0.96

0.77

0.62, 0.97

0.79, 1.15
0.86, 1.35
0.55, 1.04

0.77, 1.11
0.85, 1.32
0.52, 0.97

0.62, 1.48
0.70, 1.41

0.78, 1.12

1.00
1.06

0.64, 1.56
0.74, 1.53

0.92
1.06
0.71

0.93
1.08
0.71

0.78, 1.12
0.86, 1.35
0.52, 0.97

SSB, sugar-sweetened beverage.
Model A: Replaced pubertal stage with age.
Model B: Replaced household financial situation with maternal education.
Model C: Added health habits (alcohol, tobacco, and illicit drugs).
Model D: Added self-rated health.
Model E: Added zBMI.
Model F: Added CESD score.
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Appendix C
C.1
The associations between SSB consumption and levels of restless sleep for small
sample subgroups in the BASUS Cohort (N = 1031), using Firth’s Penalized Likelihood
method
< 1 day

Restless sleep during the past week
1 – 2 days
3 – 7 days

Models
Daily SSB
consumption

Overall*
Girls†
Boys‡

Any SSB
consumption

Boys‡

Unadjusted
Adjusted§
Unadjusted
Adjusted‖
Unadjusted
Adjusted‖
Unadjusted
Adjusted‖

Reference
1
1
1
1
1
1
1
1

OR
0.89
0.81
1.59
1.54)
0.60
0.52
3.22
2.97

CI95
0.47, 1.70
0.43, 1.55
0.58, 4.33
0.58, 4.10
0.24, 1.48
0.21, 1.28
1.36, 7.63
1.26, 7.00

OR
1.90
1.75
2.50
2.29
1.71
1.60
1.96
1.75

CI95
1.05, 3.45
0.96, 3.20
0.96, 6.55
0.89, 5.87
0.78, 3.75
0.72, 3.56
0.81, 4.72
0.73, 4.21

*Overall models did not include an interaction term between gender and social jetlag levels.
Gender-specific models used interaction terms with reverse coding of the reference († girls=0;
‡boys=0).
Multivariable logistic regression using Firth’s penalized likelihood were adjusted for gender
(girls/boys), pubertal stages (pre-pubertal, early pubertal, mid-pubertal, late pubertal, postpubertal (reference)), ethnic identity (White (reference), Asian, Aboriginal, or Other (Latino,
Black, and Other)), family income as perceived relative to peers (far above average/quite a bit
average (reference), a little above, average, a little below, and quite a bit below/far below),
moderate-to-vigorous physical activity (meeting the guideline (reference), not meeting the
guideline) and sedentary behaviour (screen time per day in minutes).
§

‖

Multivariable logistic regression using Firth’s penalized likelihood with interaction terms were
sequentially adjusted for pubertal stages, ethnic identity, family income as perceived relative to
peers, moderate-to-vigorous physical activity and sedentary behaviour.

121

