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Symptoms of Sleep-Disordered Breathing in 5-Year-Old Children Are
Associated With Sleepiness and Problem Behaviors

Daniel J. Gottlieb, MD, MPH*; Richard M. Vezina, MPH¶; Cynthia Chase, PhD‡;
Samuel M. Lesko, MD, MPH¶; Timothy C. Heeren, PhD#; Debra E. Weese-Mayer, MD**;

Sanford H. Auerbach, MD�; and Michael J. Corwin, MD§

ABSTRACT. Objective. Sleep-disordered breathing
(SDB) in children is reportedly associated with problem
behaviors suggestive of attention-deficit/hyperactivity
disorder; however, there are few data on the relation of
SDB to problem behaviors in the general pediatric pop-
ulation. The goal of this study was to assess the preva-
lence of SDB symptoms in 5-year-old children and their
relation to sleepiness and problem behaviors.

Methods. A population-based, cross-sectional survey
was conducted of a birth cohort of children who were
born in eastern Massachusetts. Subjects were 3019 5-year-
old children (1551 boys, 1468 girls) who were enrolled in
the Infant Care Practices Study and whose mothers were
contacted within 3 months of their child’s fifth birthday.
A parent-completed questionnaire was used to ascertain
the presence and intensity of snoring and other SDB
symptoms and the presence of daytime sleepiness and
problem behaviors. Parent-reported hyperactivity, inat-
tention, and aggressiveness were each assessed by a sin-
gle question that was validated against the Conners’
Parent Rating Scale. SDB was defined as frequent or loud
snoring; trouble breathing or loud, noisy breathing dur-
ing sleep; or witnessed sleep apnea.

Results. Parent-reported hyperactivity (19%) and in-
attention (18%) were common, with aggressiveness (12%)
and daytime sleepiness (10%) reported somewhat less
often. SDB symptoms were present in 744 (25%) children.
Compared with children without snoring or other symp-
toms of SDB, children with SDB symptoms were signif-
icantly more likely to have parent-reported daytime
sleepiness (odds ratio [OR]: 2.2; 95% confidence interval
[CI]: 1.7–2.8) and problem behaviors, including hyperac-
tivity (OR: 2.5; CI: 2.0–3.0), inattention (OR: 2.1; 95% CI:
1.7–2.6), and aggressiveness (OR: 2.1; 95% CI: 1.6–2.6).
These associations remained significant after adjustment
for sex, race/ethnicity, maternal education level, maternal
marital status, household income, and respiratory health
history.

Conclusions. SDB symptoms are common in 5-year-
old children and are associated with an increased risk of
daytime sleepiness and with problem behaviors sugges-
tive of attention-deficit/hyperactivity disorder. Pediatrics

2003;112:870–877; snoring, sleep-disordered breathing,
sleep apnea, behavior, hyperactivity.

ABBREVIATIONS. SDB, sleep-disordered breathing; OSA, ob-
structive sleep apnea; ICPS, Infant Care Practices Study; FYFQ,
Five-Year Follow-up Questionnaire; CPRS, Conners’ Parent Rat-
ing Scale; DSM-IV, Diagnostic and Statistical Manual of Mental Dis-
orders, Fourth Edition; OR, odds ratio; HI, Hyperactivity Index;
PSQ, Pediatric Sleep Questionnaire.

There is increasing recognition that obstructive
sleep-disordered breathing (SDB), comprising
snoring, obstructive sleep apnea/hypopnea,

and obstructive hypoventilation, is a common and
often unrecognized condition in children.1 Overt ob-
structive sleep apnea (OSA) has generally been esti-
mated to affect 2% to 3% of children.2–4 Milder forms
of SDB are common, however, with 10% to 36% of
children age 3 to 6 years reported to snore habitual-
ly.2,5,6 Early case series variably identified sleepi-
ness7 and hyperactive, aggressive, or rebellious be-
haviors8–10 in association with OSA in children, al-
though potential referral bias impedes interpretation
of these studies. Few data are available from popu-
lation-based studies on the behavioral consequences
of SDB in children. Although 2 studies from commu-
nity-based2 or general pediatric clinic11 samples also
suggest that SDB is associated with hyperactivity
and other problem behaviors, these studies did not
control for potentially important confounding fac-
tors. Asthma, atopic disorders, and adenotonsillar
enlargement, a common correlate of recurrent upper
respiratory infection, all have been associated with
increased prevalence of SDB symptoms in chil-
dren.5,10,12,13 As an association of these factors with
inattention and hyperactivity has also been report-
ed,14–16 confounding by these respiratory health
variables may explain the apparent association of
SDB with problem behaviors.

A true causal association of SDB with problem
behaviors would be of great importance, however,
given the high prevalence of both SDB symptoms
and hyperactive or inattentive behaviors, which may
have a significant adverse impact on school perfor-
mance. Treatment of overt OSA in poorly perform-
ing first-grade students may improve subsequent
academic performance.17 If milder forms of SDB are
also associated with sleepiness and problem behav-
iors, then the identification and treatment of SDB in
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children before entry into elementary school may be
of particular clinical and social benefit. In the present
study, we extended the results of previous studies
by assessing the relation of parent-reported sleepi-
ness, hyperactivity, inattention, and aggressiveness
to snoring and other symptoms of SDB in a large,
population-based cohort of 5-year-old children, ad-
justing for a variety of sociodemographic and respi-
ratory health variables.

METHODS

Subjects
This study was approved by the Institutional Review Board of

Boston University School of Medicine. All children who were
enrolled in the study had been previously enrolled in the Infant
Care Practices Study (ICPS). The design of the ICPS has been
described.18 Briefly, the ICPS is a multicenter, prospective, longi-
tudinal study conducted in Boston, Lowell, and Lawrence, Mas-
sachusetts, and Toledo, Ohio, the principal aim of which was to
describe newborn sleep practices and to document changes in
infant sleep position over time. Between February 1995 and De-
cember 1998, mothers of newborn infants were contacted at se-
lected birth hospitals in these cities and invited to participate.
Beginning in March 2000, as part of the screening process for an
intensive study of the neurobehavioral consequences of SDB, a
Five-Year Follow-up Questionnaire (FYFQ) was mailed within 3
months of the child’s fifth birthday to all English-speaking moth-
ers of ICPS children who were born in Massachusetts and had
birth weight �2500 g. The questionnaire asked, inter alia, about
snoring and other sleep habits, daytime sleepiness, and problem
behaviors. When the questionnaire was not returned within 14
days, a second questionnaire was mailed. When this was not
returned, an attempt was made to contact the mother by telephone
and obtain completion of the questionnaire. The subjects of this
study all are children with complete FYFQ data for sleepiness and
problem behaviors.

Questionnaire Data
Descriptive data (eg, maternal age, race, ethnicity, educational

status) were collected by interview at the time of enrollment into
the ICPS. The FYFQ asked the child’s height, weight, frequency of
upper respiratory and ear infections, history of tympanostomy
and adenotonsillectomy and about the presence of SDB symp-
toms, daytime sleepiness, wheezing, asthma, respiratory allergy,
and problem behaviors. Five questions were used to assess the
presence of SDB: “On average, how often does your child snore?”
“How loud is your child’s snoring?” “When sleeping, does your
child have trouble breathing, or struggle to breathe?” “Have you
ever seen your child stop breathing when he/she was asleep?”
“When sleeping, does your child have ‘‘heavy,’ loud, or noisy
breathing?” Three questions were used to identify the presence of
problem behaviors. Hyperactivity was defined as a positive re-
sponse to the question, “Would you say that your child is often
restless, overly active, or someone who can’t sit still?” Inattention
was defined as a positive response to the question, “Would you
say that your child often seems not to listen when spoken to
directly?” Aggressiveness was defined as a positive response to
the question, “Does your child tend to be more aggressive or
rebellious than other children his/her age?” A single question was
used to assess sleepiness, with excessive sleepiness defined as a
response of 1 or more days per week to the question, “Is your child
overly sleepy during the daytime?” The Conners’ Parent Rating
Scale, Revised (CPRS)19 was also completed for a subset of 219
children, 131 who were participants in an ongoing laboratory-
based study of pediatric sleep apnea and 88 who were mailed the
CPRS after declining to participate in the laboratory-based proto-
col. These data were used to validate the FYFQ questions regard-
ing problem behaviors.

Analysis
All analyses were performed using SPSS software (SPSS, Inc,

Chicago, IL). Descriptive statistics of the subject characteristics are
presented. The FYFQ items regarding hyperactivity, inattention,
and aggressiveness were validated against the CPRS using the

Mann-Whitney U test to compare scores on the relevant CPRS
scales and Fisher exact test to compare the percentage with scores
�65, between subjects with positive versus negative responses on
each screening question. Bivariate and multivariate logistic regres-
sion analyses were used to assess the relation of SDB symptoms to
daytime sleepiness and problem behaviors. The multivariate mod-
els adjusted for potential confounders including sociodemo-
graphic variables (sex, race/ethnicity, maternal education level,
marital status, and household income) and respiratory illness
history (frequency of upper respiratory and ear infections, tym-
panostomy tube placement or adenotonsillectomy, diagnosis of
asthma, wheezing in the past 12 months, or respiratory allergy).
The primary analyses included all subjects, and additional sex-
specific analyses were conducted.

RESULTS

Subjects
Between March 1, 2000, and May 3, 2002, FYFQs

were mailed 3 months before the child’s fifth birth-
day to the birth mothers of 5117 children who were
enrolled in the ICPS approximately. At the time of
this analysis, 3137 questionnaires (61%) had been
completed. Of these, valid responses to all 4 behav-
ioral questions were available for 3019 (96%), who
are the subjects of this study. Characteristics of the
study sample are shown in Table 1. There were ap-
proximately equal numbers of boys and girls. The
mothers were relatively well educated and had a
median annual household income �$55 000. Eighty-
one percent of the mothers were non-Hispanic white,
and 84% were married at the time the child was born.
Compared with the total eligible sample, mothers of
the 3019 subjects included in the analysis were some-
what better educated, had higher household income,
and were more likely to identify themselves as non-
Hispanic white. As the mothers had in many cases
not been contacted during the 4 years since complet-
ing their participation in the ICPS, inability to contact
the mother as a result of change of address was a
major cause of noncompletion of the FYFQ, account-
ing for approximately 45% of nonrespondents. Thus,
of those not known to be lost to follow-up as a result
of change of address, the questionnaire completion
rate was approximately 75%.

TABLE 1. Subject Characteristics

N 3019
Sex

Female 48.6%
Male 51.4%

Maternal race/ethnicity
Asian 4.5%
Black, non-Hispanic 6.4%
Hispanic 6.6%
White, non-Hispanic 81.3%
Other and unknown 1.2%

Maternal education
�High school 5.0%
High school 18.3%
Some college 22.5%
College 4� y 53.9%
Unknown 0.3%

Household income
�$16 000 7.2%
$16 000–$34 999 12.1%
$35 000–$54 999 19.2%
�$55 000 52.0%
Unknown 9.6%
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Validation of the Behavioral Screening Questions
For maximizing the number of respondents to the

FYFQ, problem behaviors were assessed using only 3
questions regarding hyperactivity, inattention, and
aggressive behavior. For validating these questions
against standardized measures of hyperactive and
inattentive behavior, the CPRS was administered to a
subset of questionnaire respondents. Six CPRS scales
are relevant to hyperactive or inattentive behaviors:
Hyperactivity Index; Conners’ ADHD Index; Rest-
less-Impulsive Index; and Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV)
ADHD Inattentive, Hyperactive-Impulsive, and To-
tal indices. Scores on all 6 of these indices were
significantly higher in children with a positive re-
sponse to the FYFQ hyperactivity, inattention, or
aggressiveness questions than in children with neg-
ative responses to these questions (for hyperactivity
and inattention screening questions, P � .001 for
each comparison; for aggressiveness screening ques-
tion, P � .025 for each comparison). Detailed com-
parisons for the 3 DSM-IV ADHD indices are shown
in Table 2. In contrast, scores on the Anxious-Shy,
Perfectionism, Social Problems, Psychosomatic, and
Emotional Lability scales did not differ significantly
between children with positive versus negative re-
sponses to any of the 3 FYFQ problem behavior
questions. Children with positive responses to the
hyperactivity, inattention, or aggressiveness ques-
tions on the FYFQ were also much more likely to
have abnormally high scores, defined as a t score
�65, on the DSM-IV Inattentive, Hyperactive-Impul-
sive, and Total indices than were children with neg-
ative responses to the screening questions (Table 2).

Prevalence of SDB Symptoms
Parent-reported snoring and other symptoms of

SDB were common in these children: 55% were re-
ported to snore at least occasionally, and 12% were
reported to be habitual snorers, defined as snoring 3
or more nights per week (Table 3). Seventeen percent
of children were reported to have “loud or noisy

breathing” while asleep, with smaller numbers of
children reported to snore loudly (3%), to stop
breathing during sleep (3%), or to have trouble
breathing during sleep 1 or more nights per week
(2%). Although snoring frequency was significantly
associated with each of the other SDB symptoms,
many children who were not reported to snore ha-
bitually were reported to have other symptoms of
SDB. Of the 17% of children who were reported to
have loud or noisy breathing during sleep, for exam-
ple, more than half were not reported to be habitual
snorers. For this reason, a composite SDB variable
was constructed, comprising children with snoring
�3 nights/wk, “loud” or “very loud” snoring, loud

TABLE 2. Association of Behavioral Screening Questions With ADHD Index Scores of the CPRS
in 219 Children

CPRS DSM-IV Scale FYFQ
Hyperactive*

FYFQ
Inattentive*

FYFQ
Aggressive*

No
(81%)

Yes
(19%)

No
(80%)

Yes
(20%)

No
(91%)

Yes
(9%)

ADHD Inattentive type
Median score 46 52 46 52 46 50
% Abnormal† 3% 20% 2% 23% 5% 15%

ADHD Hyperactive-Impulsive type
Median score 47 56 47 54 48 54
% Abnormal† 2% 32% 4% 23% 6% 30%

ADHD Total
Median score 46 55 46 55 47 53
% Abnormal† 1% 29% 2% 26% 5% 25%

ADHD indicates attention-deficit/hyperactivity disorder.
* All comparisons P � .001 for positive versus negative response to the Hyperactivity and Inattention
screening questions; for the Aggressiveness screening question, differences in scores on the 3 CPRS
indices was significant at P � .01, whereas differences in the percentage abnormal were significant at
this level only for the ADHD Hyperactive-Impulsive type and ADHD Total but not ADHD Inattentive
type.
† T scores �65 are considered abnormal.

TABLE 3. Prevalence of SDB Symptoms

Total
(3019)

Boys
(1551)

Girls
(1468)

P*

Snoring frequency (%) .01
Never 44.8 41.7 48.2
�1 night/wk 33.7 35.3 32.0
1–2 nights/wk 8.9 9.6 8.2
3–5 nights/wk 6.0 6.3 5.7
6–7 nights/wk 6.0 6.4 5.6

Snoring loudness (%) �.001
Does not snore 44.8 41.8 48.0
Quiet 34.6 35.3 33.9
Moderate 16.7 19.0 14.3
Loud or very loud 3.4 3.1 3.7

Trouble breathing during sleep (%) .01
Never 89.8 88.3 91.4
�1 night/wk 6.6 7.8 5.3
�1 night/wk 1.9 2.1 1.7

Ever stop breathing when
asleep (%)

3.4 3.7 3.0 .30

Loud or noisy breathing when
asleep (%)

16.8 18.4 15.1 .02

SDB composite variable† (%) 24.6 26.6 22.6 .01

Numbers may not add to total sample size as a result of exclusion
of subjects with symptom status “unknown.”
* P value for �2 comparison of symptom prevalence in boys versus
girls.
† SDB defined as parent-reported habitual (�3 nights/week) or
loud snoring, loud or noisy breathing during sleep, trouble breath-
ing during sleep, or witnessed sleep apnea.
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or noisy breathing during sleep, witnessed apneas,
or trouble breathing during sleep 1 or more nights
per week.

Using this definition, 25% of children had parent-
reported SDB symptoms. The prevalence of SDB
symptoms was slightly higher in boys than in girls,
and this was statistically significant for all symptoms
other than witnessed apneas, which was uncommon
in either sex (Table 3). Among the 25% of children
with SDB symptoms, non-Hispanic white parents
were significantly less likely to report that their chil-
dren habitually snore (45% of non-Hispanic white vs
68% of black, 64% of Hispanic, and 57% of Asian
parents; P � .001 for non-Hispanic white vs all oth-
ers) but somewhat more likely to report loud, noisy
breathing during sleep (71% of non-Hispanic white
vs 54% of black, 62% of Hispanic, and 64% of Asian
parents; P � .001 for non-Hispanic white vs all oth-
ers).

Although the prevalence of SDB symptoms in non-
respondents cannot be determined, we explored the
potential impact of nonrespondents on the observed
prevalence of SDB symptoms by comparing symp-
tom prevalence between those who responded to the
mailed questionnaire (56% of respondents) and those
who responded only after telephone contact (44% of
respondents). For each of the 5 symptoms of SDB, the
prevalence was slightly higher in the latter group:
13% versus 11% with frequent snoring; 19% versus
15% with loud, noisy breathing during sleep; and
28% versus 22% with any of the 5 SDB symptoms.

Prevalence of Sleepiness and Problem Behaviors
Daytime sleepiness was reported to occur at least

occasionally in 38% of children, but excessive day-
time sleepiness, defined as sleepiness occurring at
least once per week, was reported in only 10% of
children (Table 4). Hyperactivity was reported in
19% of children and inattention in 18%. Although the
presence of hyperactivity and inattention was
strongly associated (OR: 9.9; P � .001), of the 805
children with a positive response to either of these
questions, only 292 (36%) had a positive response to
both questions. Only 12% of children were reported
to be more aggressive or rebellious than other chil-
dren their age. Although the prevalence of daytime
sleepiness did not differ significantly between boys
and girls, hyperactivity, inattention, and aggressive-

ness were reported 25% to 55% more often in boys
than in girls (Table 4).

Association of SDB Symptoms With Sleepiness and
Problem Behaviors

In bivariate analyses, 4 of the 5 symptoms of SDB
(snoring frequency, snoring loudness, trouble
breathing during sleep, and loud noisy breathing)
and the dichotomous composite SDB measure were
significantly associated with parent-reported sleepi-
ness and with each of the problem behaviors (P �
.001 by �2 analysis for each comparison; Table 5). A
similar trend was observed for witnessed apneas,
although perhaps as a result of the low frequency of
this symptom, the association was significant only
for hyperactivity (P � .001). A dose-response effect
on sleepiness and problem behaviors was observed
for both snoring frequency and snoring loudness.
Multivariate logistic regression analyses were con-
ducted to assess the association of SDB symptoms
with sleepiness and problem behaviors and to adjust
for potential confounders including sociodemo-
graphic variables and respiratory illness history. SDB
was strongly associated with each behavioral mea-
sure, with unadjusted ORs �2.0 for the association of
the composite SDB variable with each behavior (Ta-
ble 6). After adjustment for sociodemographic vari-
ables, the ORs were only trivially reduced from their
unadjusted values, suggesting little confounding by
these variables. There was an additional slight reduc-
tion in the ORs after adjustment for respiratory
health variables (Table 6). When separate models
were constructed for boys and girls, the association
of SDB symptoms with behavioral measures was
similar across the sexes (excessive daytime sleepi-
ness, adjusted ORs 1.8 and 2.4 for boys and girls,
respectively; hyperactivity, 2.3 and 1.4; inattention,
1.7 and 1.9; aggressiveness, 1.8 and 1.8). Although
the association of SDB symptoms with hyperactivity
was somewhat stronger in boys, a sex-SDB interac-
tion term entered in the logistic regression model
was not statistically significant (P � .07). The associ-
ation of SDB symptoms with problem behaviors was
also assessed excluding occasionally snoring chil-
dren from the referent group. When compared with
children who were reported never to snore, those
with SDB symptoms had unadjusted ORs for sleep-
iness, hyperactivity, inattention, and aggressiveness
that were 2.4, 3.2, 2.4, and 2.2, respectively, falling
slightly with adjustment for sociodemographic and
respiratory health variables to 2.2, 2.3, 2.0, and 1.9.

DISCUSSION
In the present study, we have found that parent-

reported symptoms of sleep-disordered breathing
are strongly associated with parent-reported hyper-
active, inattentive, and aggressive behaviors and
daytime sleepiness in 5-year-old children. The pres-
ence of SDB symptoms was associated with an ap-
proximately 2-fold increase in the prevalence of each
of these behaviors, an association that was not ex-
plained by the association of SDB symptoms with
male sex, minority race or ethnicity, or lower socio-
economic status. Although measures of respiratory

TABLE 4. Prevalence of Daytime Sleepiness and Problem Be-
haviors

Total
(3019)

Boys
(1551)

Girls
(1468)

P*

Daytime sleepiness (%) .67
Never 61.8 62.5 61.0
�1 d/wk 27.7 26.7 28.7
1–2 d/wk 6.1 6.1 6.1
3–7 d/wk 4.4 4.6 4.2

Hyperactivity (%) 18.9 22.8 14.7 �.001
Inattention (%) 17.5 20.1 14.6 �.001
Aggressiveness (%) 12.2 13.5 10.8 .03

* P value for �2 comparison of symptom prevalence in boys versus
girls.
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health were significantly associated with the pres-
ence of SDB symptoms, adjusting for these measures
had only a small effect on the association of SDB
symptoms with problem behaviors.

Several previous studies have assessed the relation
of parent-reported SDB symptoms to behavior prob-
lems. Weissbluth et al20 used a questionnaire survey
of 2076 children to identify 71 with behavioral or
academic problems. Compared with a control group
without such problems, these children had signifi-
cantly more reported snoring and difficulty breath-
ing at night, an association that was strongest for
children with academic problems or symptoms of
attention-deficit/hyperactivity disorder. In a ques-
tionnaire survey of the parents of 782 children aged
4 to 5 years, Ali et al2 found that the unadjusted
prevalence of daytime sleepiness and hyperactivity
increased with frequency of snoring. The Conners’
Child Behavior Scale was completed by the parents
of a subgroup of 34 children with symptoms most

suggestive of OSA and 52 low-risk control subjects.
After adjustment for age and social class, median
scores on the Hyperactivity, Inattention, and Aggres-
sion scales were at least twice as high in the high-risk
group as in the low-risk group, although there was a
substantially lower participation rate among high-
risk (51%) versus low-risk (78%) children, raising
concern of recruitment bias.2 Recently, Chervin et
al11 evaluated 866 children who were aged 2 to 14
years and recruited from general pediatrics clinics
using a sleep symptom questionnaire and the Hyper-
activity Index (HI) of the CPRS. A t score �60 on the
HI was seen in 22% of habitually snoring children
but in only 12% of nonsnoring children, with an OR
for elevated HI score of 2.2 after adjustment for age
and sex. In that study, the association of snoring with
elevated HI was seen primarily in boys younger than
8 years.

Both child behavior and the presence of SDB may
be influenced by a variety of social and health fac-

TABLE 5. Relation of SDB Symptoms to Unadjusted Prevalence of Sleepiness and Problem Behaviors*

N† Sleepiness (%)‡ Hyperactivity (%) Inattention (%) Aggressiveness (%)

Total sample 3019 10.5 18.9 17.5 12.2
Snoring frequency

Never 1354 8.4 13.7 13.8 9.7
�1 night/wk 1018 9.8 21.0 18.3 12.2
1–2 nights/wk 270 11.5 25.9 24.1 15.9
3–5 nights/wk 180 17.2 26.7 19.4 12.8
6–7 nights/wk 181 22.1 28.2 27.1 23.8

Snoring loudness
Does not snore 1354 8.4 13.7 13.7 9.7
Quiet 1045 10.0 20.7 18.8 12.3
Moderate 505 15.0 26.9 23.6 15.8
Loud or very loud 103 21.3 31.0 23.3 24.3

Trouble breathing during sleep
Never 2711 9.8 17.3 16.2 11.0
�1 night/wk 199 16.1 27.6 21.1 20.1
�1 night/wk 58 24.1 41.4 36.2 20.7

Ever stop breathing when asleep
No 2912 10.4 18.3 17.2 12.0
Yes 102 15.7 35.3 24.5 15.7

Loud or noisy breathing when asleep
No 2419 9.5 16.0 15.0 10.9
Yes 508 15.4 32.5 29.1 18.1

SDB composite variable§
No 2178 8.4 14.9 14.3 9.8
Yes 744 16.8 30.2 26.2 18.4

* All associations of sleep symptoms with sleepiness and problem behaviors are significant at P � .001 by �2 test, with the exception of
witnessed breathing pauses, which was significantly associated only with hyperactivity at P � .001.
† Numbers may not add to total sample size as a result of exclusion of subjects with symptom status “unknown.”
‡ Sleepiness �1 day/week.
§ SDB defined as parent-reported habitual (�3 nights/week) or loud snoring, loud or noisy breathing during sleep, trouble breathing
during sleep, or witnessed sleep apnea.

TABLE 6. Adjusted Relation of SDB Symptoms* to Daytime Sleepiness and Problem Behaviors

Sleepiness
(OR [95% CI])

Hyperactivity
(OR [95% CI])

Inattention
(OR [95% CI])

Aggressiveness
(OR [95% CI])

SDB unadjusted 2.2 (1.7–2.8) 2.5 (2.0–3.0) 2.1 (1.7–2.6) 2.1 (1.6–2.6)
SDB adjusted for sociodemographic variables† 2.2 (1.7–2.9) 2.3 (1.9–2.9) 2.0 (1.6–2.5) 2.0 (1.5–2.6)
SDB adjusted for sociodemographic and

respiratory variables‡
2.1 (1.6–2.8) 1.9 (1.5–2.4) 1.8 (1.4–2.3) 1.8 (1.4–2.4)

* SDB defined as parent-reported habitual (�3 nights/week) or loud snoring, loud or noisy breathing during sleep, trouble breathing
during sleep, or witnessed sleep apnea.
† Sociodemographic variables included in model are sex, race/ethnicity, maternal education level, marital status, and household income.
‡ Respiratory health variables included in the model are frequency of upper respiratory and ear infections, tympanostomy tube placement
or adenotonsillectomy, diagnosis of asthma, wheezing in the past 12 months, or respiratory allergy.
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tors, raising concern that the observed association of
SDB symptoms with problem behaviors could reflect
confounding by such factors. The present study has
the advantage of a considerably larger sample size
and more detailed covariate data than previous stud-
ies. We were particularly concerned that asthma and
respiratory allergies, previously identified as risk
factors for SDB in children,5,13 or frequent respira-
tory infections, which might cause SDB through ad-
enotonsillar enlargement, could also have an adverse
impact on child behavior. Indeed, we observed sig-
nificant associations of both SDB symptoms and
problem behaviors with all sociodemographic and
respiratory health variables included in the multivar-
iate analyses, including sex, race/ethnicity, house-
hold income, maternal education level and marital
status, frequency of upper respiratory and ear infec-
tions, a diagnosis of asthma, the presence of wheez-
ing and respiratory allergies, and history of tympa-
nostomy or adenotonsillectomy. The persistence of
the association of SDB symptoms with problem be-
haviors after adjustment for these sociodemographic
and respiratory health variables, however, indicates
that confounding by these factors does not explain
the observed association.

The magnitude of the association of SDB symp-
toms with hyperactivity in this study is similar to
that reported by Chervin et al11 for the association of
habitual snoring with elevated HI. Although we also
observed a somewhat stronger association in boys
than in girls (adjusted OR: 2.3 vs 1.4), the effect in
girls remained of borderline statistical significance,
and the difference in OR between boys and girls was
not statistically significant (P � .07). Whether this
reflects true modification by sex of the effect of SDB
on symptoms of hyperactivity is uncertain, although
the consistency across studies and the known higher
prevalence of hyperactive behavior in boys are con-
sistent with this interpretation. However, we ob-
served no such effect of sex on the association of SDB
symptoms with parent-reported inattention or ag-
gressiveness, despite the higher prevalence of these
behaviors in boys. Sleepiness is a cardinal feature of
OSA syndrome in adults and is associated with snor-
ing independent of the presence of OSA.21,22 Al-
though sleepiness is generally considered a less com-
mon manifestation of OSA in children,1 we found
that children with SDB symptoms were twice as
likely as those without to have parent-reported day-
time sleepiness, an association somewhat stronger
than that reported by Ali et al2 for habitual snoring.

In the present study, we relied on parental report
of sleepiness and problem behaviors. Although we
did not use standardized measures of behavior, the
construct validity of our questionnaire items was
tested against the CPRS, a widely used standardized
instrument for assessment of child behavior. Each of
our behavior questions was found to be strongly
associated with standardized measures of inattention
and hyperactivity obtained from the CPRS. In con-
trast, our screening questions were not associated
with other CPRS scales that were not expected to
reflect inattention or hyperactivity, eg, Perfectionism,
Social Problems, Psychosomatic, and Emotional La-

bility. Thus, the screening questions seem to be valid
measures of the behavioral domains of interest. Fur-
thermore, the specificity of the questions for hyper-
active or inattentive behavior suggests that the asso-
ciation was not attributable to response bias, in
which certain parents are likely to endorse a high
level of abnormality for any symptom. This also
increases our confidence that response bias is not the
cause of the observed association of problem behav-
iors with SDB symptoms in the main analysis. Al-
though the parental report of daytime sleepiness was
not similarly validated, the question that we used to
assess daytime sleepiness, “Is your child overly
sleepy during the daytime?” is similar to the ques-
tion, “Does your child have a problem with sleepi-
ness during the day?” which is included in the Pe-
diatric Sleep Questionnaire (PSQ) developed by
Chervin et al.23 Factor analysis revealed that ques-
tion to be 1 of only 2 items in the PSQ loading on the
factor “sleepiness.”23

Our diagnostic criteria for SDB similarly used pa-
rental report of symptoms consistent with obstruc-
tive breathing during sleep. For our primary analy-
sis, we used an a priori composite SDB variable that
incorporated 5 questionnaire items regarding snor-
ing frequency and loudness, the presence of loud or
noisy breathing during sleep, witnessed nocturnal
apneas, or trouble breathing during sleep. Although
this questionnaire has not been validated in relation
to objective measures of SDB, the questions are sim-
ilar to those used in previously validated question-
naires. Responses of “frequent” or “constant” to
questions of whether their child snored, had diffi-
culty breathing during sleep, or stopped breathing
during sleep were the 3 items that best discriminated
children with OSA from age- and sex-matched con-
trol subjects drawn from general pediatric clinics on
the questionnaire developed by Brouillette et al.7 All
5 sleep symptom questions in the FYFQ are very
similar to questions in Chervin’s PSQ that weight on
the factor “breathing,” and all were retained in the
questionnaire as independent predictors of the pres-
ence of polysomnographically defined SBD.23

Studies from France,5 England,2 and Italy6 provide
data on snoring frequency of children whose ages
were within the range of 3 to 6 years. Although these
studies did not use a uniform questionnaire instru-
ment, snoring “often” or “most nights” was reported
in 10% to 12% of the French and English children,
strikingly similar to our own 12% prevalence of snor-
ing �3 nights/wk.2,5 An additional 26% of the En-
glish children were reported to snore often apart
from colds, whereas 36% of the Italian children were
reported to have frequent or habitual snoring.2,6 Al-
though snoring frequency is the symptom most often
used to identify children with SDB, the report of
snoring is likely to be dependent on multiple factors
influencing the perception of SDB symptoms. Our
data, for example, suggest cultural differences in the
way sleep-related respiratory noise is labeled: among
children with SDB symptoms, non-Hispanic white
parents were less likely to report that their children
snore and more likely to report loud, noisy breathing
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during sleep than were black, Hispanic, or Asian
parents.

Moreover, reliance on snoring frequency alone
fails to identify a large proportion of children with
SDB symptoms. In the present study, only half of
children who were identified as having SDB symp-
toms using our composite measure were reported to
snore �3 nights per week, yet each of the 5 SDB
symptoms showed a strong association with prob-
lem behaviors (Table 5). Thus, although the 25%
prevalence of SDB symptoms in the present study
seems high, it is probably a more accurate represen-
tation of the prevalence of potentially important SDB
symptoms than is the commonly cited 10% to 12%
prevalence of habitual snoring. Although snoring
frequency alone identified only half of the children
with SDB symptoms in the present study, 91% of
children with SDB symptoms could be identified by
2 of these items: the presence of snoring �3
nights/wk or the presence of loud, noisy breathing
during sleep.

It is generally accepted that the adverse conse-
quences of SDB are attributable to the effects of OSA,
leading to the recommendation that children with
symptoms of SDB undergo polysomnography to dis-
tinguish OSA from primary snoring (ie, snoring
without OSA) to determine the need for therapeutic
intervention.1,24,25 In a group of first-grade children
with OSA and poor school performance, adenoton-
sillectomy did lead to improvement in school perfor-
mance.17 It is unlikely, however, that the strong as-
sociation of SDB symptoms with sleepiness and
problem behaviors identified in this or previous ep-
idemiologic studies is driven by the estimated 2% of
children with overt OSA. Indeed, when standardized
tests of inattention and hyperactivity were adminis-
tered to small groups of children who underwent
tonsillectomy for OSA or primary snoring, both
groups had higher scores than a control group, and
both groups showed improvement 3 to 6 months
postoperatively, whereas the control group had no
reduction in inattention or hyperactivity scores.26

The magnitude of improvement in the primary snor-
ing group was approximately half that of the overt
OSA group. It has recently been reported that in
children, there is little night-to-night variability in
polysomnography and that among 30 children who
were studied on 2 separate nights there was no dif-
ference between nights in the classification of chil-
dren as having OSA versus primary snoring.27 It
therefore is likely that SDB symptoms are associated
with problem behaviors independent of the presence
of overt OSA.

Although the ICPS cohort was recruited as a pop-
ulation-based birth cohort, the children in the study
sample are more likely to be non-Hispanic white
from families with higher income and educational
level than either the general population or the total
ICPS cohort. This may reflect a more frequent change
of residence among those with lower income and
educational level, increasing their likelihood of loss
to follow-up. Although this may limit generalizabil-
ity of the study and may have led to a lower preva-

lence of SDB symptoms in the study sample than in
the source population, it should not have an impact
on the internal validity of the study. Moreover, the
number of minority subjects included in this study
approaches the total sample size of previous studies
of this topic, and race and ethnicity did not confound
the observed associations. The narrow age range of
the children, all within several months of their fifth
birthday, is both a strength and a limitation of this
study. As the manifestations of SDB vary with age,
the findings may not apply to children of other ages.
Conversely, restriction to a narrow age range im-
proves the ability to identify the behavioral effects at
that age. Although the identification of hyperactivity
and inattention may be imprecise in 5-year-olds, for
whom a short attention span may be considered
normal, this makes the observed association even
more striking.

CONCLUSIONS
We have confirmed the presence of a strong asso-

ciation between SDB symptoms and problem be-
haviors and shown that this association is not attrib-
utable to confounding by sociodemographic or
respiratory health correlates of SDB. The high prev-
alence of SDB symptoms suggests that SDB may
contribute substantially to the prevalence of sleepi-
ness, hyperactivity, and inattention and should be
considered as a possible cause when evaluating these
common problem behaviors. Although adenotonsil-
lar hypertrophy is not the sole cause of SDB, adeno-
tonsillectomy leads to resolution of OSA in the ma-
jority of affected children.1 If SDB is indeed a cause
of sleepiness and problem behaviors independent
of overt polysomnographic OSA, then identification
of the problem at 5 years of age may be particularly
valuable, as it would allow therapeutic intervention
before the crucial transition to primary school. Al-
though it is premature to recommend adenoton-
sillectomy on the basis of SDB symptoms alone,
without polysomnographic evidence of OSA or ob-
structive hypoventilation, the pediatrician may want
to consider SDB-associated problem behaviors, in
addition to polysomnographic measures of physio-
logic compromise, when considering therapeutic op-
tions for SDB.
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AROUND THE WORLD, GAINS IN INTERNET USE

“When it comes to Internet use, the United States ranks first in the world, but
many other countries are also showing gains, a recent survey shows. The survey—
conducted by the Ipsos-Reid Corporation, a marketing research firm—was based
on interviews last spring with 6600 adults in 12 countries, in North America, South
America, Europe, and Asia. The results were released last week. The survey found
that 54% of the population in the countries surveyed, on average, indicated that
they had gone online at least once over the previous 30 days. In the United States,
72% of those surveyed were recent Internet users, up from 59% in 2000. Canada
was second at 62%, up from 60% in 2000. Rounding out the top 5 were South Korea,
53%, up from 35%; Britain, 50%, up from 35%; and Japan, 47%, up from 33%.”

New York Times. February 18, 2003

Noted by JFL, MD
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