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Abstract

Aims: To determine whether baseline levels of self-reported sleep and sleep problems among
obese adolescents referred to an outpatient multidisciplinary family-based weight manage-
ment program predict reduction in BMI 3 months later. Methods: A retrospective medical
chart review was conducted for 83 obese adolescents. The following baseline variables were
extracted: self-reported sleep duration (weekdays and weekends), and presence of snoring,
daytime fatigue, suspected sleep apnea, and physician-diagnosed sleep apnea. Anthropo-
metric data at baseline and 3 months were also collected. Results: On average, adolescents
reported significantly less sleeping on weeknights (7.7 £ 1.3 h) compared to weekend nights
(10.0 + 1.8 h), t(82) = 10.5, p = 0.0001. Reduction in BMI after 3 months of treatment was pre-
dicted by more weekly sleep at baseline (R? = 0.113, F(1, 80) = 10.2, p = 0.002). Adolescents
who reduced their BMI by >1 kg/m? reported greater weekly sleep at baseline compared to
adolescents who experienced <1 kg/m? reduction (60.7 + 7.5 h vs. 56.4 + 8.6 h; F(1, 80) = 5.7,
p = 0.02). Conclusion: Findings from this study, though correlational, raise the possibility that
increased duration of sleep may be associated with weight loss among obese adolescents
enrolled in a weight management program. Evidence-based behavioral techniques to im-
prove sleep hygiene and increase sleep duration should be explored in pediatric weight man-
agement settings. Copyright © 2013 S. Karger GmbH, Freiburg
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Introduction

According to data collected from the National Health and Nutrition Examination Survey
during 2003-2006, prevalence estimates of high BMI suggest that 15.6% of children aged
2-19 years are overweight and 16.3% are obese [1]. As such, there is a pronounced need for
effective pediatric weight management programs. To date, effective programs generally
involve a family-based behavioral approach that fosters healthy dietary changes, increases
physical activity, and decreases sedentary behavior [for review see 2]. Although reduction in
weight status has been demonstrated, the effects of behavioral weight management programs
are not particularly robust. Therefore, any opportunity to increase effectiveness of existing
interventions merits careful exploration.

One potential intervention target may be sleep. A meta-analysis by Hart and Jelalian [3]
that included results from cross-sectional as well as longitudinal studies demonstrated that
short sleep duration is associated with an increased likelihood of being overweight or obese
in childhood. Although an association between obesity and shortened sleep duration appears
to exist, the specific factors that influence this relationship remain unknown. In studies on
adults it has been demonstrated that short sleep duration affects levels of the hormones
ghrelin and leptin, which are involved in the regulation of hunger and appetite [4-5]. In
children, short sleep duration, independent of weight status, has been shown to be associated
with insulin resistance, higher fasting insulin, and peak insulin [6]. These results highlight the
need to better understand neuroendocrine factors that may be driving the relationship
between short sleep duration and obesity risk in youth.

Not only is short sleep duration associated with obesity in children, but there is also an
increased prevalence of breathing dysfunctions associated with sleep disorders. For example,
prevalence estimates suggest that up to 26% of obese children in weight management
programs have obstructive sleep apnea (0OSA), as diagnosed by polysomnography [7, 8]. In a
study examining sleep differences in obese children presenting to weight management
treatment compared to healthy controls, it was found that the obese group fell asleep later
and experienced shorter, more disrupted sleep as measured by actigraphy [9]. In addition,
parent report of sleep concerns, including daytime sleepiness, parasomnias, bedtime resis-
tance and delayed sleep onset, were greater in the obese group. While untreated OSA may
influence sleep duration, it is unknown to what extent OSA or other sleep-related problems,
such as daytime sleepiness, may account for the association between short sleep duration and
obesity in children.

While evidence is mounting to suggest a relationship between short sleep duration and
obesity, the effect of sleep duration on weight loss in obese youth is unexplored. The primary
aim of the study was to conduct a retrospective medical chart review of obese adolescents
who participated in a clinical, family-based, multidisciplinary, weight management program
to determine whether self-reported sleep and sleep problems at entry to the program,
presumed to persistatleast somewhat during treatment, predicted reduction in BMI 3 months
later. Given the link between short sleep duration and obesity, we hypothesized that obese
youth with shorter sleep duration would experience less weight loss compared to obese
youth with greater sleep duration, after controlling for OSA.

Participants and Methods
Participants
Participants were 83 obese adolescents referred for weight management between January 2008 and

January 2011. Inclusion criteria for the clinical program were: i) age 12-18 years, and ii) BMI (kg/m?) equal
to or greater than the 95th percentile for age and gender using Center for Disease Control (CDC) growth
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Table 1. Standard sleep questions

1) Over the past week, approximately what time did you typically get in bed on a school night?
Approximately what time did you fall asleep? Approximately what time did you wake up?

2)  Over the past week, what time did you typically get in bed on weekend nights (i.e., Friday and
Saturday)? What time did you typically fall asleep? What time did you wake up?

3) Doyou snore?

4) Do you feel sleepy or tired during the day (i.e., daytime fatigue)?

5) Do you have pauses in your breathing while sleeping?

6) Do you have any concerns about your sleep?

7) Have you ever been diagnosed with obstructive sleep apnea?

8) Has a physician ever suspected obstructive sleep apnea?

charts [10]. Three participants were dropped from the analyses due to a diagnosis of autism and receipt of a
different treatment protocol tailored to their mental health needs.

Procedure

Aretrospective medical chart review was performed to examine self-reported sleep duration and sleep-
related problems. At the initial consultation the pediatric psychologist asked each patient, in the presence of
the parent or legal guardian, a series of standard questions related to sleep (please see table 1 for specific
questions). If the parent or guardian expressed disagreement with the adolescent’s response, he or she
participated in a discussion facilitated by the psychologist until agreement was met. The following variables
were extracted from the pediatric psychologist’s documentation in the medical record: number of hours of
weeknight sleep, number of hours of weekend night sleep, and presence or absence of snoring, daytime
fatigue, suspected sleep apnea (i.e., endorsed 2 of 3 symptoms: snoring, daytime fatigue, and apneic episodes),
and physician diagnosed OSA. Anthropometric data at baseline and 3 months were collected for those
patients who joined and participated in the weekly 2-hour program for at least 3 months. Body weight (0.1
kg) was measured via a calibrated electronic scale. Height was measured to the nearest 0.1 cm using a wall-
mounted stadiometer. BMI (kg/m?) was then calculated from weight and height measurements.

Program Description

The Michigan Pediatric Outpatient Weight Evaluation and Reduction (MPOWER) program is a 24-week,
clinical, family-based weight management program delivered by a multidisciplinary team of providers. The
program features weekly 1-hour exercise group sessions led by an exercise physiologist and 1-hour group
or individual sessions. Group topics address nutrition education and behavioral skills to assist with weight
management efforts. Parents and adolescents attend nutrition sessions together, led by a dietitian, whereas
behavioral sessions are conducted in separate but simultaneous adolescent and parent groups by a pediatric
psychologist (i.e., parent group) and social worker (i.e.,, adolescent group). Individual sessions focus on
assessment of knowledge acquisition and application of skills/knowledge, adherence to goals and program
recommendations, motivation, and assessment of factors contributing to weight loss or weight gain. Please
refer to Woolford et al. [11] for further program details.

Statistical Analyses

Descriptive statistics were calculated for all demographic and sleep variables. Sleep duration was
computed as the difference between estimated sleep onset and rise time. Weekly sleep was estimated by the
following equation:

Weekly sleep = (hours weekday night sleep x 5) + (hours weekend night sleep x 2).

Correlational analyses were conducted to explore relationships among all sleep, demographic, and
anthropometric variables. Linear regression was used to examine sleep variable predictors of BMI reduction
at 3 months. Analysis of variance (ANOVA) was used to calculate differences in baseline weekly sleep duration
for adolescents who reduced their BMI after 3 months of treatment by at least one unit (1.0 kg/m?) versus
those who did not. A logistic regression model was then used to test for moderation effects. All analyses were
conducted using SPSS 17.0 (SPSS Inc.; Chicago, IL, USA). This retrospective chart review was approved by the
Institutional Review Board of the University of Michigan Medical School.
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Table 2. Percentage of obese
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Results

The mean age of adolescents was 14.5 years (range 12-18-years), and the mean baseline
BMI was 43.4 kg/m? (27.4-78.3 kg/m?). The majority were female (72.3%), white (59%), and
carriers of private insurance (65.1%). On average, adolescents reported sleeping significantly
less on weeknights (7.7 + 1.3 h) compared to weekend nights (10.0 + 1.8 h), t(82) = 10.5,p =
0.0001. The percentage of adolescents who endorsed one or more sleep-related problems
was 57% (table 2).

Reduction in BMI after 3 months of weight management program participation was
predicted by more weekly sleep at baseline (R? = 0.113, F(1, 80) = 10.2, p = 0.002; fig. 1).
Weekly sleep was correlated inversely with daytime fatigue (r = -0.34, p = 0.002) and age
(r=-0.30,p=0.006). Thus, daytime fatigue and age were taken into account in the regression
model shown in table 3. Weekly sleep retained its association with BMI reduction. No other
sleep variables, including physician diagnosed OSA, or demographic variables were signifi-
cantly associated with weekly sleep or BMI reduction at 3 months, and were thus not entered
in the regression model. The final model shows that on average, a 30-min increase per day in
baseline sleep (i.e., 3.5-hour increase per week) predicted an increase in BMI reduction by 0.2
kg/m?.

Due to the possibility that a wide range in initial BMI (27.4-78.3 kg/m?) may have
impacted the association between baseline sleep and subsequent BMI reduction, we looked
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Table 3. Summary of regression

analysis for baseline variables Variable B E P
dicting BMI reducti fter 3

prediciing BHI requCton atter 3\ eekly sleep 0.06 3.22 0.002

months of weight management Daytime fatigue 013 113 0.26

treatment (R2 = 0.113, F(1, 80) = Age 0.14 1.24 0.22

10.2, p = 0.002)

at percent change in BMI (i.e., 100 - (BMI after 3 months / initial BMI) x 100)) and used this
as the dependent variable in the regression equation. The association between baseline
weekly sleep and 3-month BMI reduction survived (R? = 0.122, F(1, 80) = 11.1, p = 0.001).

At 3 months, the mean BMI reduction for all adolescents in the sample was 1.0 + 1.4
kg/m?. 50% of adolescents experienced a reduction of least 1.0 BMI unit (kg/m?) after 3
months of treatment. Figure 2a shows that adolescents who decreased their BMI by at least
1.0 BMI unit at 3 months reported significantly more weekly sleep at baseline compared to
adolescents who did not achieve at least 1.0 BMI unit reduction (60.7 + 7.5 h vs. 56.4 + 8.6 h;
F(1,80) =5.7, p = 0.02). This effect was then examined using logistic regression to determine
if daytime fatigue and/or age modify the relationship. The effect appeared to be modified by
self-reported daytime fatigue, but not age (fig. 2b,c). Specifically among adolescents who
endorsed daytime fatigue, those who reduced their BMI by at least 1 unit after 3 months of
weight management treatment reported significantly more baseline weekly sleep compared
to adolescents who did not experience at least a 1.0 BMI reduction (59.9 + 8.3 hvs. 48.1 + 9.0
h; F(1,31) =14.7, p = 0.001). In contrast, among patients who did not report fatigue, sleep at
baseline was not significantly different between patients who did and those who did not expe-
rience at least a 1.0 unit reduction in BMI.

Discussion

This study of 83 obese adolescents suggests that greater levels of self-reported weekly
sleep at baseline predict greater reduction in BMI after 3 months of weight management
treatment. Although daytime fatigue and age were both associated with weekly sleep, when
entered into the regression model, these variables did not contribute significantly to BMI
reduction. However, when participants were divided into two groups based on BMI reduction
(i.e., 21 BMIunitreductionand <1 BMIunitreduction), daytime fatigue was found to moderate
the relationship. Thus, adolescents who reported daytime fatigue appeared to experience a
greater reduction in BMI after 3 months of weight management treatment when they reported
higher levels of weekly sleep at baseline.

While evidence has accumulated to support the association between short sleep
duration and increased risk of obesity in children, the current findings appear to be the first
to suggest that obese youth, who present for weight management treatment with greater
self-reported levels of weekly sleep, may achieve a greater reduction in BMI. Reasons for
this improved BMI reduction must be speculative at this time, as this study was retro-
spective in nature and not designed to assess for causality. However, our result is similar to
that from a small study conducted with overweight adults who were experimentally sleep-
restricted for 14 days in combination with a reduced calorie diet. This combination of 5.5 h
of sleep and a reduced calorie diet led to decreased fat loss, increased fat-free body mass
loss, and increased hunger [12]. Previous research in this area suggests the possibility that
neuroendocrine factors may play an important role in the association between short sleep
duration and obesity [4-6].
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Rates of suspected OSA (19.7%) and parent-reported OSA diagnosis (7.4%) appear
comparable to results from two studies on prevalence of polysomnography-diagnosed OSA
in obese youth presenting to pediatric obesity clinics (i.e., rates ranged from 19 to 26.1%) [7,
8]. Symptoms of OSA in our sample were not significantly predictive of BMI reduction.
However, given the high prevalence of breathing dysfunctions associated with sleep disorders
in obese youth, sleep symptoms should be routinely explored, and youth should be referred
for further sleep medicine evaluation if warranted.

One limitation of this study was that it utilized self-reported sleep data based on what
was typical for the youth over the past week. Although self-report is subject to recall bias and
may not represent what actually occurred, one study has provided evidence to suggest that
adolescent self-reported sleep duration over the past 2 weeks is comparable to actigraphy on
school nights [13]. While our self-report data may represent ‘ideally’ what the youth would
like to achieve for sleep, parents were present during recall, and the dyads generally appeared
to be thoughtful in recalling events that occurred over the past week in order to give the most
accurate estimate possible. Furthermore, participants were asked about actual sleep time
rather than bedtime.
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A second limitation is that no formal assessment of sleep after 3 months of participation
in the program had been done. Therefore, how sleep changed as a result of participation is
unknown. However, without direct intervention for sleep habits, differential changes of sleep
duration in youth who lost weight versus those who did not are unlikely. Third, this study did
not include a no-treatment or wait-list control group for comparison of 3-month BMI change.
Fourth, this sample is comprised of youth who were referred to an intensive pediatric weight
management program, and these subjects may not represent obese youth from the general
population. Lastly, the relationship between short sleep duration and obesity is complex and
may be impacted by a number of factors. We did not see any influence of gender or insurance
status on sleep and BMI outcomes. However, we did not explore other potential confounders
such as family composition, mental health, and social support as there has been no consistent
evidence in adolescents to suggest that these factors play a strong role.

Despite these limitations, results from this study suggest that the role of sleep in efforts
to reduce weight of obese adolescents merits further research. Assisting adolescents to
achieve consistent and healthy sleep durations may improve their weight loss efforts. In fact,
a longitudinal study showed that adults with short sleep duration (< 6 h/day) who were able
to increase their sleep duration to 7-8 h/day gained less weight during a 6-year period than
did adults who continued to have short sleep durations [14].

Given the potential relationship between longer sleep duration and BMI reduction, sleep
habits and hygiene should be routinely assessed in pediatric weight management programs.
Behavioral interventions to promote healthy sleep hygiene are well established and can be
incorporated into a traditional family-based weight management curriculum. Components of
these behavioral sleep interventions typically include stimulus control, self-monitoring,
education, and relaxation techniques [15]. Behavioral weight management programs may be
perfectly suited to assist youth with healthier sleep habits, as many of the evidence-based
behavior change strategies (e.g., self-monitoring, stimulus control, goal setting) that target
diet, exercise, and sedentary behavior can also be applied to sleep.
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