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Objective: To determine whether regular acrobic exercise
improves symptoms of sleep-disordered breathing in over-
weight children, as has been shown in adults.

Research Methods and Procedures: Healthy but over-
weight (BMI =85th percentile) 7- to 11-year-old children
were recruited from public schools for a randomized con-
trolled trial of exercise effects on diabetes risk. One hundred
children (53% black, 41% male) were randomly assigned to
a control group (n = 27), a low-dose exercise group (n =
36). or a high-dose exercise group (n = 37). Exercise
groups underwent a 13 = 1.5 week after-school program
that provided 20 or 40 minutes per day of aerobic exercise
(average heart rate = 164 beats per minute). Group changes
were compared on BMI z-score and four Pediatric Sleep
Questionnaire scales: Snoring, Sleepiness, Behavior, and a
summary scale, Sleep-Related Breathing Disorders. Analy-
ses were adjusted for age.

Results: Both the high-dose and low-dose exercise groups
improved more than the control group on the Snoring scale.
The high-dose exercise group improved more than the low-
dose exercise and control groups on the summary scale. No
group differences were found for changes on Sleepiness,
Behavior, or BMI z-score. At baseline, 25% screened pos-
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itive for sleep-disordered breathing; half improved to a
negative screen after intervention.

Discussion: Regular vigorous exercise can improve snor-
ing, a symptom of sleep-disordered breathing, in overweight
children. Aerobic exercise programs may be valuable for
prevention and treatment of sleep-disordered breathing in
overweight children.

Key words: sleep-disordered breathing, symptoms, sex,
race

Introduction

Currently, 37% of children 6 to 11 years of age in the
United States are overweight (=85th percentile BMI-for-
sex and -age) (1). The prevalence of sleep-disordered
breathing may be increasing as a result of the childhood
obesity epidemic (2). The prevalence of sleep-disordered
breathing in children is estimated at 2% (3); however, obese
children are more susceptible than lean ones to sleep-disor-
dered breathing (e.g., obstructive sleep apnea) (2,4.,5). Sleep
disturbances in adolescents have been linked to obesity and
inactivity (6).

Among adults, sleep apnea is associated with obesity (7).
Exercise training has been shown to ameliorate both obesity
and sleep apnea in adults (8,9). The effect of exercise on
symptoms of sleep-disordered breathing in overweight chil-
dren is unknown. We hypothesized that overweight chil-
dren’s symptoms of sleep-disordered breathing would im-
prove in a dose-response fashion in response to an exercise
program.

Research Methods and Procedures

Sample

One hundred children (53% black, the remainder white;
41% male) whose parents completed the Pediatric Sleep
Questionnaire (PSQ)' (10) before and after the intervention
were included in this study. One child was excluded because

! Nonstandard abbreviations: PSQ, Pediatric Sleep Questionnaire: ADD, attention deficit
disorder; SD. standard deviation; SRBD. Sleep-Related Breathing Disorders scale of PSQ.
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Table 1. Clinical characteristics of the sample at
baseline (N = 100)

Mean
(standard deviation)
or Percent

Black 53%
Male 41%
History of tonsillectomy/

adenoidectomy 9%
History of premature birth 19%
Attention deficit disorder

medications 3%
Positive screen for sleep-disordered

breathing® 25%
Take naps 15%
Drink caffeinated beverages 58%
Caffeine intake (if yes, cans or

cups/d) 2.0(1.3)
Age (years) 9.5 (1.0)
Body mass index (kg/m?) 26.5(8.2)
BMI z-score 2.08 (0.38)
Weekday sleep time (hours) 9.5 (0.8)
Weekend sleep time (hours) 10.3 (2.6)

*A score >>0.33 on the Sleep-Related Breathing Disorder summary
scale of the Pediatric Sleep Questionnaire is considered a positive

screcn.

of severe psychiatric illness. One child in the low-dose
group underwent a tonsillectomy and adenoidectomy during
the intervention period. Three children were taking medi-
cations for attention deficit disorder (ADD): one was taking
methylphenidate, one dextroamphetamine, and one dextro-
amphetamine and clonidine. The children’s average grades
were Bs. Table 1 shows the baseline characteristics of the
children.

This study was conducted as part of a larger project
examining the effect of exercise on metabolism. The study
was advertised by means of presentations and flyers distrib-
uted to children attending public elementary schools in the
Augusta, GA, area in 2003 and 2004. Healthy black or white
children were eligible if they were 7 to 11 years old, were
overweight (=85th percentile BMI) (11), did not participate
in a regular physical activity program for more than 1 hour
per week, had no medical condition that would affect study
results or limit physical activity, and attended a school that
was included in the study. Children from whom we were
unable to collect blood samples were excluded from the
parent study. Three cohorts of children were enrolled in the
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study, the first from November 2003 to May 2004, the
second from June to November 2004, and the third from
December 2004 to May 2005.

Procedures

All children and parents completed the informed consent/
assent process. The study was reviewed and approved by the
Human Assurance Committee (Institutional Review Board)
of the Medical College of Georgia. Children were offered
incentives of a savings bond worth $50 (face value at
maturity $100) at baseline and a savings bond worth $200
(face value at maturity $400) at post-test for completing an
8-hour day of testing procedures including those reported
here.

Measures. Parents provided information on the child’s
race, sex, birth date, medical history, caffeine intake, bed-
time and wake time, whether the child was enrolled in any
regular physical activity program, and school grades. Body
weight (in shorts and t-shirt) and height (without shoes)
were measured with an electronic scale (Detecto, Web City,
MO) and stadiometer (Tanita, Arlington Heights, IL) and
converted to BMI and a BMI z-score (Epi Info software;
Centers for Disease Control and Prevention, Atlanta, GA).
BMI z-score reflects the number of standard deviations
(SDs) above or below the average value for a child’s age
and sex based on the current childhood norms (11). The
PSQ, which has been validated against polysomnography in
children, was used to assess sleep-disordered breathing
symptoms (10). Scores on each scale of the PSQ can range
from O to 1. Each is an average of several yes or no items.
Higher scores indicate more symptoms endorsed. Differ-
ence scores (post-test minus baseline) were calculated to
evaluate change due to the intervention. Negative change
scores indicated improvement. All measures were adminis-
tered by research staff at our laboratory at baseline and
post-test. There were no group differences on PSQ scales at
baseline (p == 0.10), whether or not the nine children with a
history of tonsillectomy or adenoidectomy were included.
Twenty-five children (25%) screened positive for sleep-
disordered breathing at baseline [a score of >0.33 on Sleep-
Related Breathing Disorders (SRBD), a summary scale of
the PSQ].

Exercise Intervention. Children were randomly assigned
to one of three experimental conditions: a no-exercise con-
trol condition (n = 27), low-dose aerobic exercise (20
minutes per day, n = 36), or high-dose aerobic exercise (40
minutes per day, n = 37). The low- and high-dose groups
differed only on time and, therefore, volume (intensity X
time) of exercise. Only those children whose parents com-
pleted the PSQ before and after the intervention were in-
cluded in this study. After baseline testing was complete, a
statistician assigned the experimental condition by means of
a computer-generated randomization sequence balanced by
race and sex, which was concealed until the interventions
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were assigned. The study coordinator enrolled participants
and shared their randomization status with them. Children
assigned to the control condition were free to do their usual
activities after school. The children assigned to intervention
were provided free transportation by school bus to our
research gymnasium, and then home or to a neighborhood
school each weekday after the exercise classes ended. The
exercise sessions were held on schoolday afternoons in the
research gymnasium for 14 to 15 weeks and instructed by
research staff who were trained and supervised daily by a
master’s level physical educator. Children so assigned re-
ceived 13 * 1.5 weeks of the exercise intervention between
baseline and post-test. The post-testing was balanced so that
each exercise group received a similar amount of time in the
intervention. Children were invited to continue in the inter-
vention after their post-test to ensure an adequate class size
for consistency of intervention throughout the testing pe-
riod. Polar heart rate monitors (610i; Polar Electro, Oy,
Finland) were used to monitor intensity and incentivize
adherence to the exercise dose. The emphasis was on inten-
sity, enjoyment, and safety, not competition or the enhance-
ment of skills; therefore, activities were selected on the
basis of ease of comprehension, fun, and ability to elicit a
heart rate of >150 beats per minute. Examples of these
activities include running games, tag games, jump rope,
basketball, and soccer (12-14). Children remained at our
laboratories for approximately 75 minutes each day because
of the extra time required for changing clothes, water
breaks, etc. The low-dose group engaged in quiet, sedentary
activities in another room while the high-dose group com-
pleted their exercise session. Both attendance and intensity
goals (80% and heart rate >150 beats per minute, respec-
tively) were exceeded by those randomized to the exercise
program. The children’s average attendance was 86% of
available days between baseline and post-test. Average
heart rate during the classes was 164 beats per minute in
both groups. There were two dropouts from the exercise
program, one of whom completed the post-test. There was
one serious adverse event (a fracture).

Analysis. Degree of overweight (BMI z-score) was ex-
amined for association with PSQ scores and sleep time at
pre-test. Associations of PSQ baseline and change scores
with control variables [race, sex, age, history of tonsillec-
tomy or adenoidectomy, use of ADD medications, prema-
turity status (<36 weeks’ gestation), caffeine intake, hours
slept per weekday] were evaluated using ANOVA and
correlation coefficients. Any significant associations be-
tween PSQ scores and control variables would result in the
control variable being included in further analyses. Because
cohorts were from different school systems, differed in
racial composition, and were intervened on separately, the
cohort effect was controlled in analyses comparing dose
groups. Relationships with grades were also explored.

Analysis of covariance compared groups’ mean changes
(post-test minus baseline) on four scales of the PSQ: Snor-
ing, Sleepiness, Behavior, and a summary scale, SRBD.
Additional analyses compared groups on factor analysis-
derived scales (10). Tukey’s honestly significant difference
was used to follow up any significant group effect to deter-
mine which groups differed. We predicted that PSQ scores
would improve in a dose-response fashion in response to the
exercise intervention. Analyses were repeated excluding
children with a history of tonsillectomy or adenoidectomy,
or who were taking ADD medications, to assess the stability
of the findings. Data were also examined using the screen-
ing cut-off point of 0.33 for the SRBD scale to see whether
the exercise program caused children to improve from a
positive to a negative screen. Data were screened for vio-
lation of assumptions. Intent-to-treat analyses were con-
ducted with SPSS software (version 13.0; SPSS, Inc., Chi-
cago, IL) at an a level of 0.05.

Results

No race or sex differences were observed on PSQ scores
at baseline or changes on PSQ scores in response to inter-
vention. No differences were detected by prematurity status.
BMI z-score was not related to scales from the PSQ or sleep
time at baseline. The average change of BMI z-score from
baseline to post-test was —0.05, or one-twentieth of an SD
on the BMI norms for age and sex. There was no detectable
group effect on this change. Age was positively correlated
with change from baseline to post-test in Sleepiness, Be-
havior, and SRBD (r values, 0.25 to 0.29; p values, 0.001 to
0.04), so age was included in models predicting these vari-
ables. Caffeine intake (cups per day) was related to im-
provement on the Sleepiness scale (r = —0.20, p = 0.046).
No other relationships of PSQ scales at baseline or PSQ
changes from baseline to post-test with tonsillectomy and/or
adenoidectomy, caffeine intake, sleep time, or grades were
detected.

After adjusting for the effect of age, the high-dose exer-
cise group (mean = SD = —0.10 = 0.14) differed from the
control group (mean = SD = 0.01 £ 0.11, p < 0.001) and
the low-dose group (mean = SD = —0.04 = 0.11, p =
0.03) on improvement on the SRBD scale [F(3,96) = 6.8,
p = 0.002]. On the Snoring scale, the control group
(mean = SD = 0.10 % 0.26) differed from both the low-
dose (mean = SD = —0.08 £ 0.29, p = 0.01) and high-
dose groups (mean £ SD = —0.13 £ 0.29) [p = 0.002;
F(2,98) = 5.6, p = 0.005]. Adjusted means and standard
errors are presented in Figures 1 and 2. These effects
remained when children with a history of tonsillectomy or
adenoidectomy were excluded and when children on ADD
medications were excluded. Similar effects were observed
on factor analysis-derived scales. No group differences were
found for Sleepiness or Behavior scales, or their factor
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Figure I: Changes on Snoring scale of PSQ by group assignment.
Control group differed from high-dose and low-dose groups.
Changes by group (adjusted means) are shown.

analytic counterparts. Means by group on PSQ scales at
baseline and post-test, along with difference scores, are
presented in Table 2.

Approximately one-half of the children who screened
positive for sleep-disordered breathing improved to a neg-
ative screen after the intervention period. Of 13 children
whose SRBD screening status improved, 12 were in the
exercise groups (Table 3). One child in each of the three
groups went from below to above the cut-off point. Statis-
tical tests were not performed because of insufficient num-
bers in some cells.

Discussion

Overweight children show a moderate level of sleep-
disordered breathing symptomatology, particularly snoring.
Engaging in 20 to 40 minutes per day of vigorous aerobic
exercise, preferably in an organized setting, appears to be
helpful in ameliorating symptoms of sleep-disordered
breathing in overweight children. This effect was indepen-
dent of weight change, because the randomized groups did
not differ on change in their BMI z-scores. One-quarter of
the overweight children in this study screened positive for
sleep-disordered breathing; one-half of these children im-
proved to a negative screen after intervention. This random-
ized trial in a community sample of children at risk for
sleep-disordered breathing as a result of their overweight
status provides evidence supporting routine clinical pre-
scription of regular aerobic activity in overweight children
to ameliorate sleep-disordered breathing symptoms, which
may be more common than expected.

A difference between the high- and low-dose groups was
found for improvement on the SRBD summary scale, but
not the Snoring scale. A difference between the low-dose
group and controls was found for the Snoring scale, but not
the SRBD scale. These results are consistent with a dose-
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Figure 2: Changes on SRBD scale of PSQ by group assignment.
High-dose group differed from controls and low-dose group.
Changes by group (adjusted means) are shown.

response effect of exercise on improvement in sleep-
disordered breathing symptoms, but they do not conclu-
sively demonstrate this effect, possibly because of limited
statistical power.

Although snoring and the SRBD summary scale were
impacted by the exercise intervention, no effect was ob-
served on sleepiness. Parents in this sample reported that
many of the children regularly drank caffeine, which might
suppress sleepiness. On the other hand, these find-
ings are consistent with the literature, in that children with
sleep-disordered breathing tend to experience fewer arous-
als, more preserved sleep architecture, less sleep frag-
mentation, and less consequent sleepiness than adults with
this disorder (15). It is also possible that excessive daytime
sleepiness, a subjective complaint, is under-reported and
under-diagnosed in children. School-age children with sleep-
disordered breathing typically show mild symptoms of in-
attention and hyperactivity rather than sleepiness (16).
Sleep-disordered breathing, sleep fragmentation, and sleep
deprivation have been linked with behavior problems and
poorer neurobehavioral function in school-age children (17—
20).

Snoring in early childhood has been associated with
poorer academic performance in middle school and pro-
spectively with hyperactivity (21,22). Five-year-old chil-
dren with sleep-disordered breathing symptoms such as
snoring and noisy breathing have poorer executive function,
memory, and general ability than those without symptoms
(23). Sleep fragmentation and intermittent nocturnal hyp-
oxia in apneic children may each contribute to difficulty
with academic performance (24,25). As suggested by an
animal model, there may be irreversible effects of hypoxia
on the developing brain (26). Children with symptoms of
sleep-disordered breathing tend to show mild symptoms of
attention deficit and behavioral disorders, and vice versa
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Table 2. Means (standard deviation) by group for Pediatric Sleep Questionnaire scores at baseline and post-test

Baseline Post-test
Control Low-dose High-dose Control Low-dose High-dose
(n = 27) (n = 36) (n = 37) (n = 27) (n = 36) (n = 37)
Snoring* 0.18 (0.29) 0.28 (0.35) 0.32 (0.37) 0.28 (0.32) 0.19(0.29) 0.20 (0.30)
Sleepiness 0.18 (0.26) 0.17 (0.27) 0.16 (0.23) 0.13 (0.24) 0.13 (0.25) 0.08 (0.18)
Behavior 0.32 (0.29) 0.30 (0.28) 0.33 (0.33) 0.30 (0.30) 0.27 (0.26) 0.20 (0.26)
SRBD¥ 0.21 (0.15) 0.24 (0.15) 0.25(0.17) 0.22 (0.16) 0.20 (0.14) 0.15(0.11)

*Control differs from other groups on changes.
tHigh-dose differs from other groups on changes.

(27,28). Thus, the sleep difficulties commonly experienced
by overweight children may impair their academic perfor-
mance. However, no relationship between improved PSQ
score and school grades was observed in this study. It may
take longer than a few months for improved sleep to affect
achievement.

No effect of exercise without dietary intervention was
found on overweight, consistent with adult studies showing
that exercise without dietary restriction in obese adults
improves health without any weight loss (9). No relation-
ship between degree of overweight and sleep-disordered
breathing symptoms was detected in this study. The re-
stricted range of BMI z-score in this overweight sample
limited our ability to detect any such relationship.

If not weight loss, then what could be the mechanism of
this exercise-induced improvement in sleep-disordered
breathing? Genes underlying the adenosine system have
been implicated in sleep homeostasis by their effects on
slow wave activity (29). Increased slow wave activity in
adults has been shown to be locally stimulated by a motor
task, indicating a neural plasticity basis for this sleep adap-
tation (30). Orexins present an additional mechanistic link
between sleep homeostasis and physical activity, as they
have been linked with these behaviors in animal models and
have extensive receptors in the brain (31,32). Although not
specifically addressed in this study, these areas are lines for
future investigations into the possible underlying mecha-
nisms in children.

Black race has been associated with increased risk of
sleep-disordered breathing in children, independently of
overweight status (3,33). No association between race and
sleep-disordered breathing symptoms was detected in this
study.

These findings are limited to a sample of overweight
children, so they may not be applicable to normal-weight
children. However, overweight and inactivity are now epi-
demic in childhood, which makes this study particularly
important (34). This study includes balanced proportions of

two ethnic groups and both sexes, drawn from the local
school population. Children randomized to different condi-
tions may have interacted at school, potentially allowing
contamination; however, the analysis showed distinct group
differences on outcomes in the predicted direction. Al-
though the intensive, closely monitored exercise interven-
tion quantified the amount of aerobic activity engaged in by
each dose group, children’s activity outside the program
was not closely monitored. The unusual amount of re-
sources applied in this study (e.g., transportation, staffing,
heart rate monitors, incentives), which enabled it to test the
hypothesis that a substantial dose of regular aerobic activity
would be efficacious in improving sleep-disordered breath-
ing symptoms, may be difficult to replicate in a field setting.
Although not equivalent to polysomnography, a question-
naire that has been validated against polysomnography in
children was used in this study to assess symptoms of
sleep-disordered breathing (10). A child’s snoring is easily
observable by parents and is an important indicator of
sleep-disordered breathing (21,22).

Physiological variables such as insulin and adiposity re-
vert to baseline when overweight children cease regular
exercise (35). The same may be true for sleep-disordered
breathing symptoms. The benefits of behavioral treatments
such as regular exercise are often lost when the treatments

Table 3. Cross-tabulation of status changes on
SRBD scale screening criterion by group

Group

Control Low-dose High-dose Total

Negative to positive 1 1 1 3
Negative to negative 21 25 26 72
Positive to positive 4 6 2 12
Positive to negative 1 4 8 13
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cease. The long-term consequences of sleep-disordered
breathing on children are unknown. There may be lasting
benefits of prevention or amelioration of sleep-disordered
breathing as a result of protection from neural insult during
childhood. Even though proof of long-term benefits is not
yet available, it is important to act now, because overweight
afflicts many children and leads to numerous adverse health
outcomes (2,36-p. 111).

In summary, sleep-disordered breathing may be more
common among overweight children than is generally real-
ized. One-quarter of the overweight children in this com-
munity sample screened positive for sleep-disordered
breathing. Engaging in 40 minutes per day of vigorous
acrobic exercise for 10 to 15 weeks seems to improve
symptoms of sleep-disordered breathing in overweight
children. Achieving this level of physical activity (40 min-
utes per day, 5 days per week, heart rate >150 beats per
minute) among children in ordinary circumstances is likely
to require 1 hour per day of physical activity (37). This
experimental evidence adds to the knowledge base about
the benefits of physical activity on overweight children’s
health, even when weight loss does not occur.
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