1duosnuey Joyiny JHIO 1duosnuey Joyiny ¥HIO

1duasnuey Joyiny YHID

[
(4
5¢

C | H R Canadian Institutes of Submitted by CIHR

Health Research Déposé par les IRSC
I RSC Instituts de recherche
en santé du Canada
Int J Obes (Lond). Author manuscript; available in PMC 2016 July 21.

Published in final edited form as:
Int J Obes (Lond). 2013 April ; 37(4): 552-558. d0i:10.1038/ij0.2013.4.

Beyond Sleep Duration: Distinct Sleep Dimensions are
Associated with Obesity in Children and Adolescent’s

Denise C. Jarrin, Ph.D.,
Pediatric Public Health Psychology Laboratory, Department of Psychology, Concordia University,
Montréal, QC

Jennifer J. McGrath, PhD., M.P.H.1, and
Department of Psychology, Pediatric Public Health Psychology Laboratory, Concordia University,
Montréal, QC

Christopher L. Drake, PhD
Henry Ford Hospital Sleep Disorders and Research Center, Detroit, Ml

Abstract

Objective—Short sleep duration is recognized as a significant risk factor in childhood obesity;
however, the question as to how sleep contributes to the development of obesity remains largely
unknown. The majority of pediatric studies have relied on sleep duration as the exclusive measure
of sleep; this insular approach may be misleading given that sleep is a dynamic multidimensional
construct beyond sleep duration, including sleep disturbances and patterns. While these sleep
dimensions partly overlap, it is necessary to determine their independent relation with obesity,
which in turn, may inform a more comprehensive understanding of putative pathophysiological
mechanisms linking sleep and obesity. The aim of the present study was to investigate whether
sleep dimensions including sleep duration, disturbances, and patterns were individually associated
with obesity, independent of multiple covariates. The second objective was to examine whether
sleep disturbances and patterns were independently associated with obesity, after adjusting for
sleep duration.

Method—-Participants included 240 healthy children and adolescents (M,y=12.60, SD=1.98;
45.8% females). Anthropometric measures included measured waist and hip circumference, body
mass index Z-score and percent body fat. Subjective sleep measures included sleep duration, sleep
disturbances, sleep quality, and sleep patterns from youth- and parental-report.

Results—Youth with larger adiposity and body composition measures reported poorer sleep
quality (Bay,=—0.14, p<.01), more sleep disturbances (B,,=0.13, p<.05), and showed a delayed
sleep phase pattern (B,,,=0.15, p<.05), independent of age, sex, pubertal status, physical activity,
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screen time, socioeconomic status, and sleep duration. Shorter sleep duration was significantly
associated with obesity; however, this link was attenuated after adjustment of covariates.

Conclusions—Results suggest sleep measures beyond duration may more precisely capture
influences that drive the negative association between sleep and obesity, and thus, yield more

robust associations. As such, future studies are needed to better understand how distinct sleep
dimensions confer risk for childhood obesity.

Keywords
Sleep duration; sleep disturbances; sleep quality; sleep patterns; childhood obesity

Over the past decade, sleep curtailment has been identified as a significant risk factor in the
etiology and maintenance of childhood obesity. A solid and consistent association between
short sleep duration and obesity, cross-sectionally as well as prospectively, has been reported
even after controlling for a number of relevant covariates, such as age, sex, and other
obesity-related behaviors (e.g., physical activity and snacking; refs. 1 & 2). Within pediatric
populations, meta-analyses demonstrate a clear pattern suggesting short sleep duration is
implicated in the etiology and maintenance of obesity (refs. 1 & 2). Despite these generally
robust findings, some research suggests the relation between sleep duration and obesity in
youth is attenuated after adjustment for covariates (e.g., refs. 3-5). Alas, the majority of
pediatric studies have relied on “sleep duration” as the exclusive measure of sleep. This
insular approach may be misleading given that sleep is a dynamic multidimensional
construct beyond sleep duration, including sleep disturbances and patterns.

Sleep duration is derived based on the number of hours slept per night. Measures are used to
capture average sleep duration ranging from one night to one month with actual or
categorical estimates (e.g., >10hrs, 8-9hrs, 6-7hrs, <6 hrs). Sleep duration reflects factors
such as biological and developmental sleep needs as well as contextual or lifestyle demands
(e.g., school start times, extracurricular activities). However, length of time spent sleeping is
directly influenced by other sleep dimensions. Indeed, sleep dimensions distinct from sleep
duration are commonly used as diagnostic criteria for sleep and arousal disorders (ref. 6).
Sleep disturbances refer to myriad dimensions including sleep fragmentation (e.g., arousals
or awakenings), sleep disorders (e.g., sleep apnea, parasomnias), and poor sleep quality.
Sleep patterns refer to circadian rhythm preference and sleep-wake schedules (e.g., sleep
timing). These sleep dimensions may contribute to obesity through their impact on specific
pathophysiological mechanisms.

Sleep physiology is composed of two major states (rapid eye movement, REM; non- rapid
eye movement, NREM) and a cyclical alternating pattern or architecture. REM is
characterized by an increase in heart rate, blood pressure, and respiration level compared to
NREM sleep (refs. 7-8). NREM sleep is subdivided into four stages: stages 1 and 2 (light
sleep) and stages 3 and 4 (deep or slow-wave-sleep). Slow wave sleep is characterized by
increased parasympathetic and decreased sympathetic activation (i.e., reduced brain activity,
heart rate, cardiac output, breathing, and blood pressure compared to wake and REM sleep)
and coincides with the most prominent changes in the endocrine system (i.e., stimulating
and inhibiting hormone secretion; refs. 7-9). Greater time spent in slow wave sleep is
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considered to be more restorative than other sleep stages given its predominant
parasympathetic drive (refs. 7-10). These sleep dimensions have been linked to adverse
physiological processes (ref. 9).

Sleep disturbances are largely characterized by recurrent nocturnal awakenings defined by
specific EEG events (i.e., micro-arousals) or behavioral markers (e.g., reported awakenings;
ref. 11). Nocturnal awakenings cause abrupt physiological changes markedly increasing
sympathetic and hypothalamic pituitary adrenal activity (e.g., increased respiration, heart
rate, blood pressure, cortisol; refs. 11-13). In sleep apnea, respiration is repeatedly
disrupted, resulting in frequent awakenings and micro-arousals that in turn affect sleep
quality. Interestingly, these systems are postulated to contribute to an increased deposit of
fat, particularly in the abdominal regions in both adults and youth (refs. 14-16).

Sleep patterns related to circadian rhythm preference are biologically governed by the
suprachiasmatic nucleus and have a bi-directional relationship with metabolism (refs. 17—
19). Circadian clock mutant mice absorb more carbohydrates and lipids than peptides (ref.
17), show increased levels of cholesterol, triglycerides, glucose, leptin, and have decreased
insulin resistance (refs. 18-19). In turn, metabolic factors feedback onto the regulation of
circadian timing, disturbing sleep architecture (time spent in sleep stages), wake schedules,
as well as locomotor and feeding behaviors (refs. 18-19). Taken together, it is speculated
that unique sleep dimensions may play critical, yet distinct roles beyond sleep duration (e.g.,
via pathophysiological mechanisms) in the development and maintenance of obesity.

Among adults, frequent sleep complaints related to initiating and maintaining continuous
sleep are significantly associated with greater body mass index (BMI; refs. 20-21) and
future weight gain, independent of sleep duration (ref. 22). Objectively measured sleep
fragmentation (i.e., actigraphy) has been significantly associated with greater BMI (ref. 23),
even in models adjusted for sleep apnea (ref. 24). Further, adults with erratic sleep patterns
(e.g., shift work schedules) typically show greater indices of overweight, obesity, and
metabolic syndrome compared to those with routine sleep patterns (ref. 25). Among
pediatric populations, overweight youth evidence greater sleep disturbances (e.g., sleep-
disordered breathing), more arousals (e.g., sleep fragmentation), sleep disorders (e.g.,
parasomnias), and longer time spent falling asleep (i.e., sleep latency), compared to healthy
weight youth (ref. 26). Additionally, obese youth report more erratic sleep patterns and later
bedtimes, independent of age, sex, and sleep duration (refs. 27-28).

The question as to fow sleep contributes to the development of obesity remains largely
unknown. The use of sleep duration as the predominant measure of sleep is problematic
because it does not reflect the nuanced dimensions underlying sleep which themselves
reflect unique physiological processes. In other words, it is unclear whether short sleep
duration is directly linked to obesity or whether sleep disturbances (e.g., fragmentation,
apnea, quality) and sleep patterns better explain the association. While these sleep
dimensions partly overlap, it is necessary to determine their independent relation with
obesity, which in turn, may inform a more comprehensive understanding of putative
pathophysiological mechanisms linking sleep and obesity.
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The aim of the present study was to investigate whether sleep dimensions including sleep
duration, sleep disturbances, and sleep patterns were individually associated with obesity in
a sample of healthy youth. The second objective was to examine whether sleep disturbances
and sleep patterns were independently associated with obesity, after adjusting for sleep
duration. First, it was hypothesized that sleep duration (i.e., school night, weekend night),
sleep disturbances (e.g., poor sleep quality), and sleep patterns (e.g., weekend oversleep,
weekend delay) would each be significantly associated with greater adiposity (i.e., waist and
hip circumference) and body composition indices (i.e., BMI Z-score, percent body fat).
Second, it was hypothesized that the associations between sleep disturbances and sleep
patterns with obesity would remain significant, even after controlling for sleep duration.

Youth (AM=240) aged 8 to 17 years and their parents took part in the larger Healthy Heart
Project, a longitudinal study that investigates childhood risk factors of cardiovascular
disease. Youth were recruited using flyers posted around the community and bookmarks
distributed by teachers in classrooms. Exclusionary criteria included serious
psychopathology, medical conditions, or use of medications with known cardiovascular
effects. The study was approved by the Concordia University Research Ethics Board (#
UH2005-077-4). Informed consent and assent were obtained before the start of the study.
Participants were financially compensated for their participation time.

Obesity Measures

While youth were dressed in light clothing, weight and height were taken by a pair of trained
research assistants following standard procedures for anthropometric measurements (ref.
29). Height was measured using a standard stadiometer at maximal breath with shoes off.
With a standard measuring tape, waist circumference was measured at the minimum
circumference of the body between the lowest rib cage and the iliac crest; hip circumference
was measured at the widest part of the body over the buttocks (i.e., greater trochanters).
Height, waist, and hip circumference were measured in duplicate, to the nearest 0.2 cm; if
they differed by more than 0.5 cm, a third measure was taken. The mean of the two closest
measures was used in data analyses. Weight and percent body fat were measured with a
bioelectrical impedance scale, which was routinely tested for accuracy and calibrated (Tanita
Body Composition Analyzer BF-350). Bioelectrical impedance methods have demonstrated
moderate agreement with the gold standard method for measuring body fat (Dual Energy X-
ray Absorptiometry: /=0.40 to 0.69; ref. 30). Age-and sex-specific BMI Z-scores were
determined using the growth charts published by the U.S. Centers for Disease Control and
Prevention (ref. 31). All research assistants were trained on anthropometric measurement
procedures prior to data collection; the principal investigator observed each assistant until
reaching criterion consistently.

Sleep Measures

Sleep Duration—Sleep duration was obtained by youth self-report in response to: “During
the past month, what time do you usually go to bed/wake up on school nights/weekends?”
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Sleep duration for school nights and weekends was calculated as the difference between bed-
and wake time. Youth self-report estimates of sleep duration have been previously shown to
be correlated with objective measures of sleep duration (actigraphy: /=0.53; ref. 32).

Sleep Disturbances—The Children’s Sleep Habits Questionnaire is a 43-item scale that
screens for common sleep problems (e.g., parasomnias, sleep-disordered breathing) over a
one week interval (ref. 33). On a 3-pt scale (rarely, sometimes, usually), parents reported the
frequency of their child’s sleep habits (e.g., “my child awakes more than once”). Items are
summed to obtain a total score, with higher scores indicating considerable sleep
disturbances. The scale has demonstrated test-retest reliability, validity, and internal
consistency (ref. 33). Youth also rated their overall sleep quality (i.e., the subjective
perception of how sleep is experienced) on a scale of 1 to 10 (1=very bad to 10=very good).
This question is commonly used in studies assessing explicit perceptions about feeling
rested and satisfied with sleep upon awakening (ref. 34).

Sleep Patterns—Sleep patterns were measured with self-reported bed- and wake time
during school and weekends. These times were used to derive weekend oversleep (difference
total sleep duration on weekends and school nights), weekend delay (difference between
bedtime on weekend and school nights), and weekend awakening delay (difference between
waketime on weekend and school days; refs. 35-36). Greater differences indicate more
sleep, later bedtimes, and later wake times on weekends, respectively. Self-reported bed- and
wake times are significantly correlated with objective measures of sleep (actigraphy: /=0.70)
and wake-onset times (actigraphy: r=0.77; ref. 32).

Pubertal Status—Using a validated self-report measure of puberty (Growing and
Changing Questionnaire; ref. 37), youth indicated their adrenarche pubertal stage based on
sex-specific illustrations corresponding to Tanner stages I-V of prepubertal to complete
sexual maturity. Although physician assessment of pubertal development is considered the
gold standard, self-report has demonstrated good reliability and validity among youth (/=
0.77 to 0.91; ref. 38).

Locomotor Activity—Using a modified version of the Self-Administered Physical
Activity Checklist (SAPAC), youth reported the number of days in the past week during
which they had engaged in nine moderate (e.g., jazz) and nine vigorous (e.g., swimming)
physical activities during and outside of school hours for at least 15 min straight (ref. 39).
The duration of moderate and vigorous activities in the week was calculated and used an
index of physical activity. The SAPAC was previously validated with school-aged children,
with a moderate criterion validity (/=0.57 to 0.75) and a 1-week test-retest reliability (/=
0.60; refs. 39-40). Youth also reported the number of hours spent each day watching TV,
using the computer or internet, and playing videogames in the past week. The sum was used
as an index of screen time. Self-report estimates of screen time demonstrate high test-retest
reliability (/CC=0.98) and validity (/CC=0.50-0.80) among youth (ref. 41).
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Socioeconomic Status—Socioeconomic status was based on parent-reported highest
level of schooling achieved from nine categories that range from “no formal schooling” to
“doctorate”. The number of years in educational institutions were obtained for each
schooling category and treated as ordinal. Parental education is considered a robust indicator
of socioeconomic status.

Statistical Analysis

Results

Data were analyzed with SPSS 20 software (SPSS, Inc., Chicago, IL), kept continuous to
maximize statistical power, and were checked for normality and linearity. To examine the
extent of overlap among the sleep dimensions, partial correlational analyses controlling for
age were conducted. Next, to test the hypotheses, sequential regression analyses were
modeled individually for each obesity measure (i.e., waist circumference, hip circumference,
BMI Z-score, percent body fat). First, each sleep dimension (i.e., sleep duration, sleep
disturbances, sleep quality, bed- and wake time, weekend oversleep, weekend delay,
weekend awakening delay) was entered singularly to examine its unique effect on each
obesity measure. Second, covariates were entered into these models (age, sex, pubertal
status, physical activity, screen time, parental education). Third, sleep duration was added as
an additional covariate to test the association between each sleep dimension with obesity,
beyond sleep duration. Alpha levels were set to 0.05 (2-tailed), and Bonferroni corrections
were applied as appropriate.

Participant demographics are presented in Table 1. The majority of youth were male (54%),
Caucasian (59%), and of normal weight status (70% BMI <85™ percentile). Youth were
12.66 years (SD=2.03), in the intermediate stages of pubertal adrenarche (M=2.98,
SD=1.59), were physically active for 144 min/week (SD=124.87), and had screen-time for
4.48 hours/day (SD=3.61; TV, computer/internet, videogames). Youth typically reported
their sleep quality as “good”, and slept about 9 hours on school nights, and 10 hours on
weekend nights (see Table 2). The mean and standard deviations for sleep disturbances
subscales were consistent with previous research (ref. 33). Finally, parents were largely
university educated (M=15.7 yrs, SD=2.99).

After controlling for age, partial correlational analyses revealed small to moderate inter-
correlations among the sleep dimensions (Table 3). Sleep duration on school and weekend
nights was weakly correlated with sleep disturbances and weekend delay. Moderate to large
correlations were observed for weekend oversleep and weekend awakening delay for
weekend sleep duration only. However, these higher correlations are largely attributable to
use of bed- and wake times to derive both of these measures. Sleep disturbances and sleep
patterns also yielded low correlations. Collectively, these data suggest the sleep dimensions
were largely unique.

In the first step of the sequential regression models, each sleep dimension was entered
singularly (see Table 4: univariate). School night sleep duration was significantly associated
with waist and hip circumference. The presence of sleep disturbances were significantly
associated waist circumference and BMI, while sleep quality was significantly associated
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with all obesity measures. Sleep patterns were associated with waist and hip circumference
and BMI, but not percent body fat. These findings are largely consistent with previously
reported findings.

Second, when covariates (age, sex, pubertal status, physical activity, screen time, parental
education) were entered into the models (see Table 4: multivariate), sleep duration was no
longer associated with any obesity measures. Sleep disturbances were significantly
associated with all obesity measures. Sleep patterns reflected by overall bedtimes were most
associated with obesity measures, while indicators of weekend sleep debt (e.g., oversleep,
delay) were not related.

Third, when sleep duration was added as another covariate, analyses revealed nearly
identical results (data not shown for parsimony). Namely, sleep disturbances remained
significantly associated with adiposity and body composition indices. Similarly, sleep
patterns of later school night bed- and wake times and later weekend bedtimes were still
significantly associated with adiposity and body composition measures. Finally, to address
the possible issue of non-linearity for age-related changes, polynomial curve estimations for
all models were also tested; there were no significant improvements in model fit over the
linear models (data not shown).

Discussion

The relation between sleep and obesity has been predominantly limited to the use of sleep
duration. However, sleep duration is a broad measure that does not capture the unique
aspects of other sleep dimensions. Importantly, different sleep dimensions may provide more
precise information to better elucidate the relation between sleep and obesity due to their
distinct underlying physiological mechanisms. The aim of the present study was to assess
whether obesity measures are influenced by sleep disturbances and sleep patterns, beyond
sleep duration.

Consistent with past research, school night sleep duration was significantly associated with
central adiposity measures of obesity in youth (refs. 1 & 2), such that short sleep duration
was significantly related with greater waist and hip circumference. However, this association
was attenuated after the adjustment of multiple covariates; similar results have also been
previously reported (refs. 3-5). Sleep disturbances, on the other hand, remained significantly
associated with obesity in both unadjusted and adjusted models. Youth exhibiting frequent
sleep disturbances had larger waist and hip circumferences as well as greater percent body
fat. Beebe et al (ref. 26) found greater parent-reports of parasomnias, daytime sleepiness,
and bedtime resistance among clinically obese youth, compared to healthy weight controls.
In the present sample, pre-sleep anxiety and bedtime resistance were significantly related
with obesity (data not shown). Similarly, frequent childhood sleep disturbances were
associated with an almost two-fold increased risk of being overweight or obese at age 21
(ref. 42). Childhood sleep problems (e.g., pre-sleep anxiety), if untreated, may evolve into
eventual sleep disorders (e.g., insomnia; ref. 43). Notably, there is physiological evidence
showing markedly reduced parasympathetic and increased sympathetic activation during the
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day and night among children diagnosed with sleep disorders, such as sleep-disordered
breathing (ref. 44) and periodic leg movements (ref. 45).

Consistent with past studies, sleep quality was significantly associated with obesity (ref. 46).
Youth reporting poor sleep quality had larger hip circumference, BMI Z-score, and percent
body fat, after controlling for covariates. Poor sleep quality has been linked with an
increased likelihood of having high blood pressure among adolescents (ref. 47) and greater
waist circumference, BMI, percent body fat, insulin and glucose concentrations, and insulin
resistance among adults (ref. 48). It has been postulated that estimates of sleep quality may
be an indirect marker of restorative slow wave sleep (ref. 10). Compared to other sleep
stages, slow wave sleep is particularly relevant for metabolic, hormonal, and
neurophysiologic homeostasis (refs. 7, 9). During slow wave sleep, there is an overall
dominance of parasympathetic activity and concomitant reductions in sympathetic activity,
glucose use, and corticotropic release (i.e., cortisol and ACTH,; refs. 7, 9), and is thus,
posited to be an especially important sleep stage to obtain.

Experimental evidence indicates that selective deprivation of slow wave sleep may
contribute to poor metabolism via the dysregulation of insulin, increase in cortisol secretion,
and reduced secretion of growth hormone (ref. 49). Less time in slow wave sleep was
associated with greater BMI, waist and hip circumference, percent body fat, and waist-to-hip
ratio after controlling for physical activity, sleep efficiency, snoring, and sleep duration
among older men (ref. 50) and middle-aged women (ref. 51).

Sleep patterns were also associated with obesity. Youth reporting later weekend bedtimes
and exhibiting a delayed sleep phase on school days (i.e., later sleep and wake times) had
greater adiposity and body composition measures of obesity, regardless of sleep duration.
This may reflect the plausible accumulation of small differences in habitual sleep duration
across long periods of time (rather than one single data point) that may contribute to obesity.
Further, these results are consistent with evidence that metabolism may be more influenced
by the timing of sleep (i.e., obtaining sleep at one’s natural/ideal point in their circadian
rhythm), rather than the actual guantity of sleep obtained (ref. 52). In fact, compared to
youth who reported early bedtimes, youth with late bedtimes were 1.5 times more likely to
have higher BMI values, 1.8 times more likely to be inactive, and almost 3 times more likely
to have longer screen time (ref 28), suggesting that a delayed sleep phase may increase
exposure to an obesogenic environment (i.e., missing breakfast, more sedentary behaviors,
less physical activity). Although the present study found no significant association between
irregular weekend sleep schedules and obesity in youth after adjusting for covariates, the
observed direction is similar to those previously reported (ref. 28). Collectively, youth who
exhibit more sleep disturbances, perceive their sleep quality as poor, and have a delayed
sleep phase show significantly greater adiposity and body composition indices of obesity,
irrespective of sleep duration.

Potential Underlying Physiological Mechanisms

The parasympathetic nervous system is dominant during sleep. Nocturnal awakenings or the
transition to wakefulness are associated with concomitant increases in sympathetic (i.e.,
norepinephrine, sympathetic muscle nerve activity, blood pressure, heart rate) and
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hypothalamic pituitary adrenal activity (i.e., cortisol; refs. 7, 9). Recurrent nocturnal
awakenings considerably reduce sleep quality, increase daytime sleepiness, and alter sleep
architecture, reducing restorative slow wave sleep and REM sleep (refs. 12-13). This
reduction in slow wave sleep leads to decreases in growth hormone secretion, insulin
sensitivity, and glucose effectiveness, as well as increases in morning cortisol and
cholesterol levels; all irrespective of sleep duration (refs. 12-13). Additionally, sleep
disruptions (sleep fragmentation) may modify the ability of appetite-regulating hormones
(e.g., glucose, leptin, ghrelin) to accurately signal appropriate energy intake and expenditure,
leading to increased food consumption, particularly for unhealthy foods (i.e., high-
carbohydrate foods) and weight gain (ref. 7). It is postulated that the integrated activation of
these systems contributes to increased metabolism of specific lipid-accumulating key
enzymes, targeting lipolytically sensitive adipose tissue regions (refs. 14-15). Thus, the
pathophysiological responses related to shallow fragmented sleep may promote a nocturnal
stress response within the nervous and endocrine system, expediting the progression of
obesity; examples of this include data from those diagnosed with sleep apnea (ref. 51).

Another plausible mechanism underlying the relation between sleep and obesity is the
neurotransmitter hypocretin (Hcrt), also referred to as orexin. Hcrt is related to stress
induced wakefulness, which leads to a hyperarousal state commonly characterized by
increased fatigue, anxiety, and insomnia (ref. 52). It is also implicated in autonomic
functions (i.e., increased arterial blood pressure, heart rate, and overall sympathetic
activation) and has direct effects on the regulation of sleep-wake behaviors (ref. 52).
Interestingly, Hert activation may also promote increased food intake, particularly palatable
food, via activation of appetite regulating neurons (e.g., neuropeptide Y and agouti-related
peptide) and inhibition of appetite suppressing neurons (e.g., proopiomelanocortin and
cocaine-and amphetamine-related transcripts; refs. 53-55). Taken together, the integrated
activation of the sympathetic and hypothalamic pituitary adrenal systems in combination
with the Hcrt system are putative physiological mechanisms underlying the association
between sleep disturbance and obesity (ref. 9).

Strengths and Limitations

One limitation of the current study was the cross-sectional design; the present findings
cannot determine the causal or temporal nature of the relation between sleep and obesity.
Other behavioral (e.g., dietary intake), psychological (e.g., stress), or environmental (e.g.,
neighborhood context) variables may be putative mediators underlying the association
between sleep and obesity.

A second limitation involved the subjective measures of sleep indices, which precluded
diagnosis of sleep disorders, such as sleep apnea or restless leg syndrome. Although, the
subjective measures used in the present study are likely to be more related to habitual sleep
duration than a single laboratory measure; and they have demonstrated reliability and
validity in the literature when compared with objective sleep measures (ref. 56). Further,
unlike previous studies, multiple indicators of obesity and sleep were measured. Sleep
parameters were assessed by multiple informants, which provide a more comprehensive
representation of sleep complaints, sleep patterns on both school and weekends, as well as
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explicit ratings of sleep quality by youth. This was corroborated when sleep demographics
(e.g., average sleep duration) within our sample were similar with those reported in past
pediatric research (ref. 27). Similarly, the sample was representative of the general
population, with prevalence rates of healthy-weight, overweight, and obese youth similar to
population-based studies (ref. 57). This multi-method approach likely provides more robust
measures of obesity and sleep in youth.

Future Studies and Conclusions

Given that obesity is a risk factor for multiple chronic diseases (e.g., cardiovascular disease),
disability, and premature mortality (ref. 58), a better understanding of the role of sleep in the
pathogenesis of obesity is of great importance. Ideally, it would be informative to conduct
experimental sleep-restriction studies to establish causality; however, this has practical and
ecologically-valid limitations. Longitudinal, prospective designs offer the possibility of
examining the temporal nature of the complex relation between childhood obesity and sleep.
Longitudinal designs with repeated obesity and sleep measures could elucidate how weight
gain is influenced by distinct sleep dimensions (i.e., sleep disturbances and patterns).
Specifically, investigation of the role of chronobiological (e.g., evening/morning preference),
physiological (e.g., autonomic and metabolic activity profiles across specific sleep stages),
contextual (e.g., school start-times, parental monitoring), behavioral (e.g., physical activity,
screen time), and psychological (e.g., stress) factors across the life course is recommended
to better delineate the nature and direction of the obesity-sleep relation (ref. 59). It may be
advantageous to consider using ambulatory polysomnography, actigraphy, and daily sleep
logs completed in the participant’s usual environment, which would provide both objective
and subjective information on behaviors (e.g., activity) sleep schedules (e.g., during school
vs. summer vacations) and habits (e.g., watching TV in bed), as well as potentially identify
additional risk and protective factors (e.g., sleep duration thresholds) previously omitted in
studies (ref. 59). Given the dynamic nature of sleep and obesity during childhood, future
research has the potential to identify important obesity prevention strategies such as lifestyle
habits (e.g., sleep hygiene) that develop during the particularly vulnerable childhood life
stage.

Overall, consistent with the literature, short sleep duration was associated with childhood
obesity. The results suggest sleep measures beyond duration may more precisely capture
influences that drive the negative association between sleep and obesity, and thus, yield more
robust associations. Sleep disturbances and sleep delayed phase sleep pattern were
independently associated with greater adiposity and body composition indices of obesity in
youth, irrespective of obesity-related covariates and sleep duration.

Acknowledgments

Special thanks to the participants of the Healthy Heart Project, the Pediatric Public Health Psychology Laboratory
research assistants and study coordinators, Natasha Hunt and Sabrina Giovanniello. The data used in these analyses
were drawn from the Healthy Heart Project. This work was made possible through funding support from the
Canadian Institute of Health Research (CIHR; MOP89886; OCO79897) and the Fonds de la recherche en santé du
Québec (FRSQ; 16965). JM holds a New Investigator Award from the Canadian Institute of Health Research. DJ
holds the Fonds de la Recherche en Santé du Québec Doctoral Fellowship (FRSQ) and Health Professional Student
Research Award. CD is the Vice Chairman of the Board of Directors of the National Sleep Foundation.

Int J Obes (Lond). Author manuscript; available in PMC 2016 July 21.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHIO

1duosnue Joyiny gHID

Jarrin et al.

References

1.

Page 11

Chen X, Beydoun MA, Wang Y. Is sleep duration associated with childhood obesity? A systematic
review and meta-analysis. Obesity. 2008; 16:265-274. [PubMed: 18239632]

. Nielsen LS, Danielsen KV, Sgrensen TIA. Short sleep duration as a possible cause of obesity:

Critical analysis of the epidemiological evidence. Obesity Reviews. 2011; 12:78-92. [PubMed:
20345429]

. Calamaro CJ, Park S, Mason TB, Marcus CL, Weaver TE, Pack A, et al. Shortened sleep duration

does not predict obesity in adolescents. J Sleep Res. 2010; 19:559-66. [PubMed: 20545836]

. Knutson KL. Sex differences in the association between sleep and body mass index in adolescents. J

Pediatr. 2005; 147:830-834. [PubMed: 16356441]

. Storfer-Isser A, Patel SR, Babineau DC, Redline S. Relation between sleep duration and BMI varies

by age and sex in youth age 8-19. Pediatric Obesity. 2012; 7:53-64. [PubMed: 22434739]

. American Sleep Disorders Association. International classification of sleep disorders: Diagnostic

and coding manual. Rochester: American Sleep Disorders Association; 1990.

. Pannain S, Van Cauter E. Sleep loss, obesity and diabetes: Prevalence, association and emerging

evidence for causation. Obesity Metab. 2008; 4:28-41.

. van Eekelen APJ, Varkevisser M, Kerkhof GA. Cardiac autonomic activity during human sleep:

Analysis of sleep stages and sleep cycles. Biological Rhytm Research. 2003; 34:493-502.

. Hanlon EC, Van Cauter E. Quantification of sleep behavior and of its impact on the cross-talk

between the brain and peripheral metabolism. PNAS. 2011; 108:15609-15616. [PubMed:
21852576]

10. Edinger JD, Fins Al, Glenn DM, Sullivan RJ Jr, Bastian LA, Marsh GR, et al. Insomnia and the

11.

12.

13.

eye of the beholder: Are there clinical markers of objective sleep disturbances among adults with
and without insomnia complaints? J Consult Clin Psychol. 2000; 68:586-593. [PubMed:
10965634]

Janackova S, Sforza E. Neurobiology of sleep fragmentation: Cortical and autonomic markers of
sleep disorders. Curr Pharm Des. 2008; 14:3474-3480. [PubMed: 19075723]

Ekstedt M, Akerstedt T, Séderstrém M. Microarousals during sleep are associated with increased
levels of lipids, cortisol, and blood pressure. Psychosom Med. 2004; 66:925-931. [PubMed:
15564359]

Stamatakis KA, Punjabi NM. Effects of sleep fragmentation on glucose metabolism in normal
subjects. Chest. 2010; 137:95-101. [PubMed: 19542260]

14. Bjorntorp P. Do stress reactions cause abdominal obesity and comorbidities? Obesity Reviews.

2001; 2:73-86. [PubMed: 12119665]

15. Drapeau V, Therrien F, Richard D, Tremblay A. Is visceral obesity a physiological adaptation to

stress? Panminerva Med. 2003; 45:189-95. [PubMed: 14618117]

16. Daniels SR, Morrison JA, Sprencher DL, Khoury P, Kimball TR. Association of body fat

distribution and cardiovascular risk factors in children and adolescents. Circulation. 1999; 99:541—
545, [PubMed: 9927401]

17. Pan X, Hussain MM. Clock is important for food and circadian regulation of macronutrient

absorption in mice. J Lipid Res. 2009; 50:1800-1813. [PubMed: 19387090]

18. Turek FW, Joshu C, Kohsaka A, Lin E, lvanova G, McDearmon E, et al. Obesity and metabolic

syndrome in circadian Clock mutant mice. Science. 2005; 308:1043-1045. [PubMed: 15845877]

19. Laposky AD, Bass J, Kohsaka A, Turek FW. Sleep and circadian rhythms: Key components in the

regulation of energy metabolism. FEBS Lett. 2008; 582:142-151. [PubMed: 17707819]

20. Strine TW, Chapman DP. Associations of frequent sleep insufficiency with health-related quality of

life and health behaviors. Sleep Med. 2005; 6:23-27. [PubMed: 15680291]

21. Wheaton AG, Perry GS, Chapman DP, McKnight-Eily LR, Presley-Cantrell LR, Croft JB.

Relationship between body mass index and perceived insufficient sleep among U.S. adults: An
analysis of 2008 BRFSS data. BMC Public Health. 2011; 11:295-312. [PubMed: 21569264]

22. Lyytikainen P, Lallukka T, Lahelma E, Rahkonen O. Sleep problems and major weight gain: A

follow-up study. Int J Obes. 2011; 35:109-114.

Int J Obes (Lond). Author manuscript; available in PMC 2016 July 21.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHIO

1duosnue Joyiny gHID

Jarrin et al.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 12

Lauderdale DS, Knutson KL, Rathouz PJ, Yan LL, Hulley SB, Liu K. Cross-sectional and
longitudinal associations between objectively measured sleep duration and body mass index. Am J
Epidemiol. 2009; 170:805-813. [PubMed: 19651664]

van den Berg JF, Neven AK, Tulen JHM, Hofman A, Witteman JCM, Miedema HME, et al.
Actigraphic sleep duration and fragmentation are related to obesity in the elderly: The Rotterdam
Study. Int J Obes. 2008; 32:1083-1090.

Di Lorenzo L, De Pergola G, Zocchetti C, L’Abbate N, Basso A, Pannacciulli N, et al. Effect of
shift work on body mass index: Results of a study performed in 319 glucose-tolerant men working
in a Southern Italian industry. Int J Obs. 2003; 27:1353-1358.

Beebe DW, Lewin D, Zeller M, McCabe M, MacLeod K, Daniels SR, et al. Sleep in overweight
adolescents: Shorter sleep, poorer sleep quality, sleepiness, and sleep-disordered breathing. J Ped
Psych. 2006; 32:69-79.

Moore M, Kirchner HL, Drotar D, Johnson N, Rosen C, Redline S. Correlates of adolescent sleep
time and variability in sleep time: The role of individual and health related characteristics. Sleep
Med. 2011; 12:239-245. [PubMed: 21316300]

Olds TS, Maher CA, Matricciani L. Sleep duration or bedtime? Exploring the relationship between
sleep habits and weight status and activity patterns. Sleep. 2011; 34:1299-1307. [PubMed:
21966061]

de Onis M, Garza C, Onyango AW, Rolland-Cachera MF. WHO growth standards for infants and
young children [in French]. Arch Pediatr. 2009; 16:47-53. [PubMed: 19036567]

Pateyjohns IR, Brinkworth GD, Buckley JD, Noakes M, Clifton PM. Comparison of three
bioelectrical impedance methods with DXA in overweight and obese men. Obesity (Silver Spring).
2006; 14:2064-207. [PubMed: 17135624]

Ogden CL, Kuczmarski RJ, Flegal KM, Mei Z, Guo S, Wei R, et al. Growth charts for the United
States: Improvements to the 1977 National Center for Health Statistics Version. Pediatrics. 2002;
109:45-60. [PubMed: 11773541]

Wolfson AR, Carskadon MA, Acebo C, Seifer R, Fallone G, Labyak SE, et al. Evidence for the
validity of a sleep habits survey for adolescents. Sleep. 2003; 2:213-216.

Owens JA, Spirito A, McGuinn M. The children’s sleep habits questionnaire (CSHQ):
Psychometric properties of a survey instrument for school-aged children. Sleep. 2000; 23:1043-
1051. [PubMed: 11145319]

Dewald JF, Meijer AM, Oort FJ, Kerkhof GA, Bo SM. The influence of sleep quality, sleep
duration and sleepiness on school performance in children and adolescents: A meta-analytic
review. Sleep Med Rev. 2010; 14:179-189. [PubMed: 20093054]

Smith CS, Reilly C, Midkiff KJ. Evaluation of three circadian rhythm questionnaires with
suggestions for an improved measure of morningness. Applied Psychology. 1989; 74:728-738.
Wolfson AR, Carskadon MA. Sleep schedules and daytime functioning in adolescents. Child
Development. 1998; 69:875-887. [PubMed: 9768476]

Golding J, Pembrey M, Jones R. ALSPAC-the Avon Longitudinal Study of Parents and Children. 1.
Study methodology. Paediatr Perinat Epidemiol. 2001; 15:74-87. [PubMed: 11237119]

Morris NM, Udry JR. Validation of a self-administered instrument to assess stage of adolescent
development. J Youth Adolesc. 1980; 9:271-280. [PubMed: 24318082]

Sallis JF, Strikmiller PK, Harsha DW, et al. Validation of interviewer- and self-administered
physical activity checklists for fifth grade students. Med Sci Sports Exerc. 1996; 28:840-851.
[PubMed: 8832538]

Prochaska JJ, Sallis JF, Griffith B, Douglas J. Physical activity levels of Barbadian youth and
comparison to a U.S. sample. Int J Behav Med. 2002; 9:360-372. [PubMed: 12508670]

He M, Harris S, Piche L, Beynon C. Understanding screen- related sedentary behavior and its
contributing factors among school-aged children: A social-ecologic exploration. Am J Health
Promot. 2009; 23:299-308. [PubMed: 19445431]

Al Mamun A, Lawlor DA, Cramb S, O’Callaghan M, Williams G, Najman J. Do childhood
sleeping problems predict obesity in young adulthood? Evidence from a prospective birth cohort
study. Am J Epidemiology. 2002; 166:1368-1373.

Int J Obes (Lond). Author manuscript; available in PMC 2016 July 21.



1duosnuey Joyiny ¥HIO 1duosnuey Joyiny JHIO

1duosnue Joyiny gHID

Jarrin et al.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

5L

52.

53.

54.

55.

56.

57.

58.

59.

Page 13

Moore M, Allison D, Rosen CL. A review of pediatric nonrespiratory sleep disorders. Chest. 2006;
130:1252-1262. [PubMed: 17035465]

Liao D, Li X, Rodriguez-Colon SM, Liu J, Vgontzas AN, Calhoun S, et al. Sleep- disordered
breathing and cardiac autonomic modulation in children. Sleep Med. 2010; 11:484, e8. [PubMed:
20362503]

Walter LM, Foster AM, Patterson RR, Anderson V, Davey MJ, Nixon GM, et al. Cardiovascular
variability during periodic leg movements in sleep in children. Sleep. 2009; 32:1093, 9. [PubMed:
19725261]

Bawazeer NM, Al-Daghri NM, Valsamakis G, Al-Rubeaan KA, Sabico SL, Huang TT, et al. Sleep
duration and quality associated with obesity among Arab children. Obesity (Silver Spring). 2009;
17:2251-2253. [PubMed: 19498352]

Javaheri S, Storfer-Isser A, Rosen CL, Redline S. Sleep quality and elevated blood pressure in
adolescents. Circulation. 2008; 118:1034-1040. [PubMed: 18711015]

Jennings JR, Muldoon MF, Hall M, Buysse DJ, Manuck SB. Self-reported sleep quality is
associated with the metabolic syndrome. Sleep. 2007; 30:219-223. [PubMed: 17326548]

Tasali E, Leproult R, Ehrmann DA, Van Cauter E. Slow-wave sleep and the risk of type 2 diabetes
in humans. Proc Natl Acad Sci U S A. 2008; 105:1044-1049. [PubMed: 18172212]

Rao MN, Blackwell T, Redline S, Stefanick ML, Ancoli-Israel S, Stone KL. Association between
sleep architecture and measures of body composition. Sleep. 2009; 32:483-490. [PubMed:
19413142]

Theorell-Hagléw J, Berne C, Janson C, Sahlin C, Lindberg E. Associations between short sleep
duration and central obesity in women. Sleep. 2010; 33:593-598. [PubMed: 20469801]

Scheer FA, Hilton MF, Mantzoros CS, Shea SA. Adverse metabolic and cardiovascular
consequences of circadian misalignment. Proc Natl Acad Sci U S A. 2009; 106:4453-4458.
[PubMed: 19255424]

Trakada G, Chrousos G, Pejovic S, VVgontzas A. Sleep apnea and its association with the stress
system, inflammation, insulin resistance and visceral obesity. Sleep Med Clin. 2007; 2:251-261.
[PubMed: 18516220]

Baumann CR, Bassetti CL. Hypocretins (orexins) and sleep-wake disorders. Lancet Neurol. 2005;
4:673-82. [PubMed: 16168936]

Sakurai T. The neural circuit of orexin (hypocretin): Maintaining sleep and wakefulness. Nat Rev
Neurosci. 2007; 8:171-181. [PubMed: 17299454]

vandenTop M, Lee K, Whyment AD, Blanks AM, Spanswick D. Orexigen-sensitive NPY/AgRP
pacemaker neurons in the hypothalamic arcuate nucleus. Nature Neurosci. 2004; 7:493-494.
[PubMed: 15097991]

Zheng H, Patterson LM, Berthoud H-R. Orexin-A projections to the caudal medulla and orexin-
induced c-Fos expression, food intake, and autonomic function. J Comp Neurol. 2005; 485:127—
142. [PubMed: 15776447]

Lockley SW, Skene DJ, Butler LJ, Arendt J. Sleep and activity rhythms are related to circadian
phase in the blind. Sleep. 1999; 22:616-623. [PubMed: 10450596]

Tremblay MS, Katzmarzyk PT, Willms JD. Temporal trends in overweight and obesity in Canada,
1981-1996. Int J Obes. 2002; 26:538-543.

Must A, Anderson SE. Establishing a standard definition for childhood overweight and obesity
worldwide: international survey. Brit Med J. 2000; 320:1240-1245. [PubMed: 10797032]

Hale L, Berger LM. Sleep duration and childhood obesity: Moving from research to practice.
Sleep. 2011; 34:1153-1154. [PubMed: 21886351]

Int J Obes (Lond). Author manuscript; available in PMC 2016 July 21.



1duasnue Joyiny YHIO 1duosnue Joyiny YHID

iduosnuely Joymny yHID

Jarrin et al.

Table 1

Demographic Information of Youth

Variable Mean (n) SD (%)
Race
Caucasian (142) (59.7)
Asian (26) (10.8)
Black (20) (8.3)
Latino (10) 4.2)
Other/Mixed (42) (17.5)
Anthropometric Measures
Waist circumference (cm) 72.09 9.23
Hip circumference (cm) 90.59 10.47
Body Mass Index (%Percentile) 63.21 26.78
Percent body fat (%) 21.92 9.26
Body weight status?
Normal (5th — <g5th percentile) (169) (70.4)
Overweight (85t — 95th percentile) (43) (17.9)
Obesity (> 95th percentile) (25) (10.9)
Underweight (<5t percentiley (3) (1.3)
Note. N=240.

Distribution of age-and sex-specific body weight based on Centers for Disease Control values.
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Table 2

Demographic Measures of Sleep Dimensions in Youth

Sleep Dimensions Mean SD

Sleep Duration

School night (min) 545.65 62.94
Weekend night (min) 598.18 82.76
Sleep Disturbances?
Sleep Behavior Problems? (range 0-132) 41.28 5.23
Bedtime Resistance (range 5-15) 6.94 1.46
Sleep Onset Latency (range 1-3) 1.30 0.58
Sleep Duration (range 3-9) 4.30 154
Sleep Anxiety (range 3-9) 4.46 0.88
Night Awakenings (range 3-6) 3.29 0.66
Parasomnias (range 6-17) 7.65 1.15
Sleep-Disordered Breathing (range 3-5) 3.14 0.42
Daytime Sleepiness (range 8-20) 12.42 3.11
Sleep Quality (1-10) 6.78 2.07
Sleep Patterns

School Night

Wake time (hr:min) 6:51 00:35

Bedtime (hr:min) 21:46  00:52
Weekend Night

Wake time (hr:min) 9:05 1:34

Bedtime (hr:min) 23:07 1:22
Weekend Oversleep (min) 52 95
Weekend Delay (min) 80 66
Weekend Awakening (min) 133 100

Note. N=240. (hr : min = hour : minutes).

'ZChiIdren’s Sleep Habits Questionnaire.
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