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Habitual Snoring, Intermittent Hypoxia, and Impaired Behavior in
Primary School Children

Michael S. Urschitz, MD*‡; Steffen Eitner§; Anke Guenther§; Esther Eggebrecht§; Judith Wolff§;
Pilar M. Urschitz-Duprat, RN§; Martin Schlaud, MD�; and Christian F. Poets, MD*

ABSTRACT. Objectives. Sleep-disordered breathing
is associated with impaired behavior and poor academic
performance in children. We aimed to determine the
extent of behavioral problems in snoring children, clarify
the role of intermittent hypoxia, and test the reversibility
of impaired behavior and poor academic performance.

Methods. In 1144 children, habitual snoring (HS;
snoring frequently or always) and impaired behavior
were assessed using parental questionnaires. Intermit-
tent hypoxia (ie, presence of >5 arterial oxygen desatu-
rations by >4% or >1 desaturation to <90%) was inves-
tigated with pulse oximetry. Poor academic performance
(grade 4–6 on a 6-point scale in mathematics, science, or
spelling) was based on the last school report. HS, im-
paired behavior, and academic performance were reeval-
uated after 1 year. Adjusted odds ratios (ORs) were cal-
culated using unconditional logistic regression.

Results. HS was significantly associated with hyper-
active (OR: 2.4) and inattentive behavior (OR: 4.0), day-
time tiredness (OR: 7.1), and sleepiness (OR: 2.6–4.8).
These associations were independent of intermittent
hypoxia. HS was also significantly associated with bad
conduct (OR: 2.8), emotional symptoms (OR: 5.5), and
peer problems (OR: 9.7). At follow-up, hyperactive and
inattentive behavior but not academic success had sig-
nificantly improved in children in whom HS had ceased.

Conclusions. We suggest that impaired behavior is a
key feature of HS independent of intermittent hypoxia
and improves when HS ceases. Pediatrics 2004;114:1041–
1048; snoring, hypoxia, child, child behavior disorders,
attention deficit disorder with hyperactivity, hypersom-
nolence, learning disabilities.

ABBREVIATIONS. SDB, sleep-disordered breathing; SDBQ, sleep-
disordered breathing questionnaire; SDQ, Strengths and Difficul-
ties Questionnaire.

Sleep-disordered breathing (SDB) is suggested to
affect daytime behavior and neurocognitive
performance in children.1 Signs of SDB (eg,

loud and regular snoring, labored breathing during
sleep) were found significantly more often among
children with behavioral problems compared with
control subjects.2 Hyperactive and inattentive behav-
ior was found to correlate with snoring in popula-
tion-based3–5 and hospital-based6 cross-sectional
studies, revealing a dose-effect gradient between
snoring frequency and impaired behavior. These ob-
servations were extended such that some behavioral
problems improved after treatment of the underlying
SDB.7–9

There remains, however, uncertainty with respect
to 1) a definitive causal relationship between SDB
and impaired behavior,10 2) the underlying patho-
physiologic mechanism(s),11 3) whether impaired be-
havior is also a consistent correlate of mild expres-
sions of SDB,7,12,13 4) the role of impaired behavior as
a mediating variable in the relationship between SDB
and poor academic performance,14 and 5) the range
and expression(s) of impaired behavior in children
with SDB.

One reason for the uncertainty concerning a causal
relationship is the lack of longitudinal data showing
that the occurrence of SDB precedes the onset of
impaired behavior or that an improvement in behav-
ior follows the termination of SDB. Establishing such
a time sequence is a minimal criterion for demon-
strating causality. To date, prospective cohort studies
on SDB in childhood are lacking and follow-up data
are sparse. Thus, the problem of definitively demon-
strating a causal relationship remains unsolved.

Concerning the underlying mechanisms, intermit-
tent hypoxia is thought to play an important role in
the relationship between SDB and neurocognitive
deficits in children.11 Impaired attention and mem-
ory capacities, however, were also found in children
who had only primary snoring, which is unlikely to
result in intermittent hypoxia.12,13 We recently found
a significant association between habitual snoring
and poor academic performance in the absence of
moderate intermittent hypoxia (arterial oxygen satu-
ration �90%).14 Thus, even mild SDB without signif-
icant hypoxia may lead to neurocognitive deficits.
Whether hypoxia is responsible for the behavioral
problems found in children with SDB remains un-
clear.

We performed a population-based cross-sectional

From the *Department of Neonatology, University Children’s Hospital,
Tuebingen, Germany; ‡Division of Neonatology, Department of Pediatrics,
Vienna General Hospital, University of Vienna, Vienna, Austria; §Depart-
ment of Pediatric Pulmonology and Neonatology, Hannover Medical
School, Hannover, Germany; and �Department of Epidemiology, Social
Medicine and Health System Research, Hannover Medical School, Han-
nover, Germany.
Accepted for publication Apr 6, 2004.
doi:10.1542/peds.2003-1145-L
Dr Urschitz received a travel grant in 2001 and a research support grant in
2004 from Masimo Corp (Irvine, CA).
Dr Schlaud is now at the Department of Epidemiology and Health Report-
ing, Robert Koch Institute, Berlin, Germany.
Reprint requests to (C.F.P.) Department of Neonatology, University of
Tuebingen, Calwerstr 7, 72076 Tuebingen, Germany. E-mail: christian-f.
poets@med.uni-tuebingen.de
PEDIATRICS (ISSN 0031 4005). Copyright © 2004 by the American Acad-
emy of Pediatrics.

PEDIATRICS Vol. 114 No. 4 October 2004 1041
 by guest on November 11, 2014pediatrics.aappublications.orgDownloaded from 

http://pediatrics.aappublications.org/


cohort study on the prevalence of SDB and its asso-
ciation with poor academic performance and im-
paired behavior in primary school children.14 We
hypothesized that 1) impaired behavior is a signifi-
cant correlate of SDB, 2) intermittent hypoxia does
not play an important role in the relationship be-
tween SDB and impaired behavior, 3) impaired be-
havior plays a role as a mediating variable in the
relationship between SDB and poor academic perfor-
mance, and 4) impaired behavior and poor academic
performance improve when SDB improves, thereby
suggesting a causal relationship between SDB and
related problems.

METHODS

Subjects
The recruitment strategy and basic characteristics of the study

sample are described elsewhere.14,15 In short, 27 of the 59 public
primary schools located within the city limits of Hannover, Ger-
many, were selected at random on the basis of an average socio-
economic status of parents. With the approval of the institutional
review board and the regional directorate of education, all chil-
dren who attended third-grade classes in these schools (n � 1760)
were identified. The pupils received a letter of information ex-
plaining the study along with a consent form and a sleep-disor-
dered breathing questionnaire (SDBQ). The pupils’ parents were
asked to fill in the SDBQ. Questionnaires were collected by the
classroom teacher and picked up by a study crew member 1 to 2
weeks after the initial visit. Finally, 1144 (65.0%) children partici-
pated in the study. Comparisons to all eligible third graders (n �
1760) and the underlying source population of third graders (n �
3809) revealed good to excellent representativeness concerning
gender distribution, socioeconomic status, academic performance,
and diagnosis of asthma.15

SDBQ
Children were screened for symptoms of SDB by means of a

widely used and validated questionnaire.13,16–19 This question-
naire was translated into German, and questions were added
concerning the child’s demographic data (gender, age, height,
weight, household smoking, and parental education) as well as
daytime behavior (hyperactive-inattentive behavior and tired-
ness).20 Race was not recorded, because the prevalence of non-
whites among participants was �5%. Snoring was investigated
with the following question: “Does your child snore?” Responses
were rated on a 4-point rating scale (never, occasionally, fre-
quently, and always). Children were classified as habitual snorers
when the answer was “frequently” or “always” and as nonsnorers
when the answer was “never” or “occasionally.” Hyperactive-
inattentive behavior was investigated with the questions, “Is your
child very restless, fidgety, or always in motion during daytime?”
and, “Does your child have difficulties concentrating during day-
time?” Daytime tiredness and sleepiness were investigated with
the questions, “Is your child tired during daytime?” “Does your
child fall asleep while watching television?” and, “Does your child
fall asleep at school?” Answers were rated on a 5-point rating scale
(never, rarely, occasionally, frequently, and almost always). Re-
garding the questions on hyperactive-inattentive behavior and
daytime tiredness, the categories “frequently” and “almost al-
ways” were collapsed into “problem present”; the remaining cat-
egories were collapsed into “problem absent.” Regarding the
questions on daytime sleepiness, the categories “rarely,” “occa-
sionally,” “frequently,” and “almost always” were collapsed into
“problem present,” and “never” was categorized as “problem
absent.”

Nocturnal Home Pulse Oximetry
Detailed information on data acquisition and analysis and ref-

erence values are published elsewhere.21 In short, children under-
went nocturnal pulse oximetry recordings at home using an in-
strument (VitaGuard 300; getemed AG; Teltow, Germany) with a
new-generation oximeter module (Masimo SET, version 3.0.2.1,
2–4 seconds moving averaging mode; Masimo Corp; Irvine, CA).

A desaturation event was defined as a fall in arterial oxygen
saturation to �90%. A desaturation cluster was defined as �5
desaturations by �4% occurring within 30 minutes.22 Total and
artifact-free recording time, as well as the number of desaturation
events and clusters, were calculated using data analysis software
(Matlab; MathSoft Inc, Cambridge, MA). A recording was consid-
ered sufficient when the artifact-free recording time was at least 5
hours. Desaturation events and clusters were confirmed visually
to exclude spuriously low values that the software tool was not
able to identify. Children were classified as experiencing intermit-
tent hypoxia when at least 1 desaturation event or cluster was
present. This definition was used because desaturation events and
clusters were found to be predictive for obstructive sleep apnea.22

Academic Performance and School Behavior
With parental consent, last term’s report form was obtained

from the school archive. This form included written ratings on a
6-point scale (1 for “outstanding” and 6 for “failed”) for mathe-
matics, science, and spelling and ratings on a 4-point scale (1 for
“outstanding” and 4 for “failed”) for the child’s ability to study
and attitude toward peers. The above school subjects were chosen
because ratings of these subjects had been shown to correlate with
habitual snoring.14 Poor academic performance was defined as
grades 4 to 6 on the scale (approximately the lowest quintile
grades) in at least 1 school subject.14 Poor behavior at school was
defined as grades 3 to 4 on the scale.

Follow-up
Approximately 1 year later (2002), snoring status and behavior

of all habitual snorers among the study sample (n � 114) were
reassessed using the SDBQ and the German version of the
Strengths and Difficulties Questionnaire (SDQ).23,24 The SDQ is a
valid instrument for assessing hyperactive-inattentive behavior
and other forms of behavioral problems in children.24 It was used
to confirm the high prevalence of hyperactive-inattentive behavior
among habitual snorers and explore other kinds of impaired be-
havior in these children. Both questionnaires were sent to the
children’s homes by standard mail. In addition, the SDQ was sent
to 114 gender- and school-matched nonsnoring control subjects
(107 children had initially snored “never,” and 7 had snored
“occasionally”). On the basis of reference data from German chil-
dren and adolescents, scores for each SDQ subscale were grouped
either into a normal score range (problem absent) or into a bor-
derline/abnormal score range (problem present).25 Approxi-
mately 2 years later (2003), school performance during the school
year 2002 was reevaluated in habitual snorers who participated in
the 1-year follow-up (n � 80). For this evaluation, parents were
contacted via telephone, and grades for mathematics, science, and
spelling were obtained from the 2002 school report form. Poor
academic performance again was defined as grade 4 or worse.

Statistics
All analyses were done with statistical software (SPSS, release

11.5 for Windows; SPSS, Chicago, IL). Descriptive statistics were
used to summarize subject characteristics and questionnaire as
well as pulse oximetry results. Comparisons between distributions
were done using Pearson �2 and �2 test for trend where appropri-
ate. Comparisons between paired dichotomized variables were
done using McNemar test. For quantifying potential associations
between snoring categories and behavioral problems, odds ratios
and their 95% confidence intervals were calculated using uncon-
ditional logistic regression. Logistic models were adjusted for
gender and age, and P � .05 was considered statistically signifi-
cant.

RESULTS

Subject Characteristics and Behavioral Problems
Using the definitions given above, parent-reported

hyperactive behavior, concentration deficits, and
daytime tiredness were present in 25.8%, 16.6%, and
4.2%, respectively, of subjects. The corresponding
values for falling asleep while watching television,
falling asleep in school, and poor ratings in ability to
study and attitude toward peers were 33.0%, 1.7%,
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37.8%, and 24.3%, respectively. There were signifi-
cant gender differences: hyperactivity (31.7% vs
20.2%; P � .001), concentration deficits (20.5% vs
12.9%; P � .001), poor ratings in ability to study
(50.0% vs 27.4%; P � .001), and attitude toward peers
(35.6% vs 14.1%; P � .001) were more prevalent in
boys, whereas girls were more often reported to fall
asleep while watching television (36.5% vs 30.5%; P
� .03). No gender-related differences were found for
daytime tiredness (4.5% vs 4.0%) and falling asleep
in school (1.6% vs 1.8%).

Behavioral Problems and Snoring
Information on snoring was available for 1129

(98.7%) children. In total, 410 and 605 children were
reported to snore “never” or “occasionally,” and 114
were classified as habitual snorers according to the
definitions given above. Analysis of questionnaires
revealed an increasing prevalence of parent-reported
behavioral problems with increasing snoring fre-
quency, which was statistically significant for hyper-
active behavior, concentration deficits, daytime
tiredness, falling asleep while watching television,
and falling asleep in school (Table 1). Logistic regres-
sion analysis revealed daytime tiredness as the be-
havioral problem most closely associated with habit-
ual snoring (Table 1). In addition, children who
snored occasionally also had a significantly increased
risk for hyperactive behavior, concentration deficits,
daytime tiredness, and falling asleep while watching
television (Table 1).

Behavioral Problems and Intermittent Hypoxia
Detailed pulse oximetry recording results are pre-

sented elsewhere.14 In short, 1115 recordings were
performed, and 996 were considered sufficient for
the study purpose. Of these, 130 (13.1%) recordings
showed only desaturation clusters, 52 (5.2%) showed
only desaturation events, and 93 (9.3%) showed both
types of desaturation. Hence, 275 (27.5%) children
had some kind of intermittent hypoxia. Concerning
the total study sample, there was no statistically
significant association between the presence of de-
saturation events, clusters, or both types of desatu-
ration and any behavioral problem under study.
Among the 114 habitual snorers, sufficient pulse
oximetry recordings were available in 99. Of these,
11 (11.1%) had at least 1 desaturation cluster, 4 (4.0%)
had desaturation events, and 14 (14.1%) had both

types of desaturation; 70 (70.7%) had neither desatu-
ration events nor clusters in their recording. Children
with any desaturation event or cluster were grouped
together (n � 29). Their behavior was compared with
that of habitually snoring children who did not have
desaturations (n � 70) and with nonsnorers with (n
� 84) and without (n � 268) desaturations (Table 2).
There were statistically significant differences be-
tween habitual snorers and nonsnorers but not be-
tween children with and without intermittent hyp-
oxia. Impaired behavior was also a significant
correlate of habitual snoring without any desatura-
tion event or cluster (Table 2).

Behavioral Problems, Habitual Snoring, and Poor
Academic Performance

Among the 114 habitual snorers, 59 (51.8%) per-
formed poorly at school (ie, had grade 4 or worse in
at least 1 of the 3 school subjects under study) in
comparison with 129 (31.5%) of the 410 nonsnorers.
Nonsnorers showed a significant correlation among
concentration deficits, poor school behavior (inabil-
ity to study and attitude toward peers), and poor
academic performance, whereas hyperactive behav-
ior, daytime tiredness, and sleepiness did not (Table
3). Concerning habitual snorers, all behavioral prob-
lems under study were significantly associated with
poor academic performance, and odds ratios were
up to 4 times higher. In children without poor aca-
demic performance, however, snoring did not signif-
icantly increase the risk for behavioral problems (Ta-
ble 3).

Follow-up
Of the 114 habitual snorers, SDBQ follow-up re-

sults were available for (70.2%) 80 children. Mean
time (standard deviation) between filling in the ini-
tial SDBQ and the follow-up SDBQ was 13.5 months
(3.1). On average, follow-up participants had higher
educated mothers compared with nonparticipants
(prevalence of educational level 4: 16.3% vs 3.6%) but
showed no difference in other basic characteristics
(gender, age, body mass index, paternal education,
and academic performance). At the 1-year follow-up,
39 (48.8%) of the former 114 habitual snorers still
snored habitually, whereas 41 (51.2%) had stopped
snoring habitually. On the basis of these results,
children were classified as long-term habitual snor-
ers (n � 39) and ex-habitual snorers (n � 41). At the

TABLE 1. Prevalence and Adjusted ORs Behavioral Problems Stratified by Frequency of Snoring in Study Participants (N � 1129)

Behavioral Problem Snoring Frequency

Never (N � 410) Occasionally (N � 605) Habitually (N � 114)

N % N % OR (95% CI) N % OR (95% CI)

Hyperactive behavior 82 20.2 169 28.3 1.5 (1.1–2.1) 42 37.2 2.4 (1.5–3.9)
Concentration deficits 45 11.1 108 18.0 1.7 (1.2–2.5) 36 31.9 4.0 (2.4–6.6)
Daytime tiredness 8 2.0 26 4.3 2.2 (1.01–5.0) 14 12.4 7.1 (2.9–17.5)
Falling asleep while watching television 100 24.8 217 36.2 1.8 (1.3–2.4) 52 46.8 2.6 (1.7–4.1)
Falling asleep at school 5 1.2 8 1.3 1.1 (0.4–3.4) 6 5.7 4.8 (1.4–16.0)
Poor rating in ability to study 145 36.1 228 38.8 1.0 (0.6–1.7) 52 46.8 1.0 (0.4–2.5)
Poor rating in attitude toward peers 100 24.9 146 25.0 0.9 (0.4–1.7) 30 27.0 2.1 (0.9–5.3)

OR indicates odds ratio; CI, confidence interval. ORs are adjusted for gender and age.
Reference category: snoring “never.” Significant results are shown in bold typeface.
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initial assessment, there were no significant differ-
ences between both groups in the prevalence of
behavioral problems, whereas there were such dif-
ferences concerning hyperactive behavior and con-
centration deficits at follow-up (all P � .05). Com-
pared with the initial assessment, the prevalence
of all behavioral problems had decreased in the ex-
habitual snoring group at follow-up, which was sta-
tistically significant for hyperactive behavior and

concentration deficits, whereas there was no compa-
rable decrease in the long-term habitual snoring
group (Table 4). SDQ results were available for 41
ex-habitual snorers, 37 long-term habitual snorers
(in total, 68.4% of all habitual snorers), and 80 con-
trol subjects. Although there was no association
between the ex-habitual snoring status and behav-
ioral problems, statistically significant relations were
found between long-term habitual snoring and con-

TABLE 2. Prevalence and Adjusted ORs for Behavioral Problems Stratified by Category of Snoring (N � 451)

Behavioral Problem Snoring Category

Never Snoring
Without Intermittent

Hypoxia
(N � 268)

Never Snoring
With Intermittent

Hypoxia
(N � 84)

Habitual Snoring
Without Intermittent

Hypoxia
(N � 70)

Habitual Snoring
With Intermittent

Hypoxia
(N � 29)

n (%) n (%) OR (95% CI) n (%) OR (95% CI) n (%) OR (95% CI)

Hyperactive behavior 59 (22.2) 13 (15.7) 0.6 (0.3–1.2) 26 (37.7) 2.3 (1.3–4.0) 12 (41.4) 2.4 (1.1–5.4)
Concentration deficits 32 (12.0) 7 (8.4) 0.7 (0.3–1.6) 21 (30.4) 3.3 (1.8–6.4) 11 (37.9) 4.8 (2.0–11.3)
Daytime tiredness 7 (2.7) 0 (0.0) X 8 (11.6) 5.0 (1.7–14.5) 3 (10.3) 4.3 (1.03–17.6)
Falling asleep while watching

television
64 (24.3) 21 (25.0) 1.1 (0.6–1.9) 32 (47.1) 2.8 (1.6–4.8) 15 (53.6) 3.8 (1.7–8.4)

Falling asleep at school 4 (1.5) 0 (0.0) X 3 (4.7) 3.1 (0.7–14.6) 1 (3.7) 2.5 (0.3–23.4)
Poor rating in ability to study 94 (35.7) 22 (26.2) 0.6 (0.3–1.01) 33 (49.3) 2.2 (1.2–3.9) 13 (44.8) 1.5 (0.7–3.4)
Poor rating in attitude toward

peers
65 (24.7) 18 (21.4) 0.7 (0.4–1.4) 18 (26.9) 1.3 (0.7–2.6) 6 (20.7) 0.7 (0.3–2.0)

ORs are adjusted for gender and age.
Reference category: “never snoring without intermittent hypoxia.” Significant results are shown in bold typeface.

TABLE 3. Prevalence and Adjusted ORs for Behavioral Problems Stratified by Category of Snoring (N � 524)

Behavioral Problem Snoring Category

Never Snoring
Without Poor

Academic
Performance

(N � 281)

Never Snoring
With Poor
Academic

Performance
(N � 129)

Habitual Snoring
Without Poor

Academic
Performance

(N � 55)

Habitual Snoring
With Poor
Academic

Performance
(N � 59)

n (%) n (%) OR (95% CI) n (%) OR (95% CI) n (%) OR (95% CI)

Hyperactive behavior 48 (17.2) 34 (26.8) 1.6 (0.98–2.8) 13 (24.1) 1.5 (0.8–3.1) 29 (49.2) 4.7 (2.5–8.6)
Concentration deficits 21 (7.5) 24 (18.9) 2.6 (1.3–4.9) 8 (14.5) 2.2 (0.9–5.2) 28 (48.3) 10.6 (5.3–21.2)
Daytime tiredness 5 (1.8) 3 (2.4) 1.1 (0.2–4.8) 1 (1.9) 1.1 (0.1–9.5) 13 (22.0) 13.8 (4.6–41.5)
Falling asleep while watching

television
64 (23.3) 36 (28.1) 1.2 (0.7–1.9) 18 (34.6) 1.8 (0.95–3.4) 34 (57.6) 4.1 (2.3–7.5)

Falling asleep at school 4 (1.4) 1 (0.8) 0.6 (0.1–5.2) 1 (2.0) 1.4 (0.1–12.5) 5 (9.1) 7.1 (1.8–28.4)
Poor rating in ability to study 61 (22.3) 84 (65.1) 5.3 (3.3–8.7) 12 (22.2) 1.1 (0.5–2.3) 40 (70.2) 7.6 (3.9–14.9)
Poor rating in attitude toward

peers
47 (17.2) 53 (41.1) 2.6 (1.5–4.3) 8 (14.8) 0.9 (0.4–2.1) 22 (38.6) 2.7 (1.4–5.3)

ORs are adjusted for gender and age.
Reference category: “never snoring without poor academic performance.” Significant results are shown in bold typeface.

TABLE 4. Prevalence of Behavioral Problems at the Initial Assessment and at 1 Year Follow-up Stratified by Category of Habitual
Snoring (N � 80)

Behavioral Problem Habitual Snoring Category

Ex-habitual Snoring
(N � 41)

Long-Term Habitual Snoring
(N � 39)

Initial
Assessment

1-Year
Follow-up

McNemar
Test

Initial
Assessment

1-Year
Follow-up

McNemar
test

n % n % P Value n % n % P Value

Hyperactive behavior 14 34.1 6 16.2 .016 15 39.5 14 41.2 1.0
Concentration deficits 11 26.8 4 11.1 .016 15 38.5 13 38.2 1.0
Daytime tiredness 4 10.0 1 2.8 .375 6 15.4 3 8.6 .688
Falling asleep while

watching television
15 37.5 12 32.4 1.0 21 55.3 19 54.3 .727

Falling asleep at school 1 2.6 0 0.0 1.0 2 5.6 1 2.9 1.0

Significant results are shown in bold typeface.
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duct problems, hyperactivity-inattention, emotional
symptoms, and peer problems (Table 5). The preva-
lence of lacking prosocial behaviors was twice as
high among long-term habitual snorers than in con-
trol subjects, although this difference did not reach
statistical significance (Table 5). Information on aca-
demic performance from the 2-year follow-up was
available for 38 ex-habitual snorers and 31 long-term
habitual snorers (in total, 60.5% of all habitual snor-
ers). There was no statistically significant change in
the prevalence of poor academic performance, nei-
ther in the long-term habitual snoring group nor in
the ex-habitual snoring group (Table 6). In addition,
academic performance was not significantly different
between groups, neither in the initial nor in the fol-
low-up assessment.

DISCUSSION
We found parent-reported behavioral problems

such as hyperactive-inattentive behavior and day-
time tiredness and sleepiness significantly associated
with snoring, showing a clear dose-effect gradient.
Moreover, impaired behavior was associated with
habitual snoring in the absence of desaturation in an
overnight study and was a key feature in habitually
snoring children who performed poorly in school. A
deeper investigation into the behavior of snoring
children using standardized and validated methods
brought up a wide range of behavioral problems
spanning from emotional to social problems. Finally,
we found a significant improvement in behavior
among snoring children who had spontaneously
stopped snoring.

Because of our population-based study design and
the good overall representativeness to the source
population, our findings may be generalized to other
predominantly white populations. Other studies

consistently noted a high prevalence of impaired
behavior in children with habitual snoring or SDB.3–6

A dose-effect relationship, ie, increasing odds for
behavioral problems going along with the snoring
frequency, has also been reported.6 Our longitudinal
observation on an improvement in behavior in
former habitual snorers who had spontaneously
stopped snoring, the documentation of a biological
gradient,6 and the reported improvement in behav-
ior after treatment of SDB8 add evidence that the
relationship between SDB and behavioral problems
may be causal rather than coincidental. However, it
is assumed that for causality to be established, the
temporal evolution of snoring and its consequences
is to be demonstrated. This was impossible in this
study and, as a matter of fact, is impossible in most
epidemiologic studies except for large population-
based prospective cohorts enrolled from birth.

One of the key features of SDB is inattentive be-
havior.12 This impairment is thought to result in
subsequent lower memory capacity and intelli-
gence12 and could be partly responsible for the poor
academic performance found in children with
SDB.14,18 In our study, concentration deficits were
significant correlates of poor academic performance
in both snorers and nonsnorers, whereas daytime
tiredness and sleepiness were not. Thus, an inability
to concentrate may be the mediating variable for the
relationship between SDB and poor academic perfor-
mance.

Ten percent of children were habitual snorers, but
only approximately half of these showed significant
daytime consequences (poor academic performance
and behavioral problems). Thus, 5% of primary
school children may experience habitual snoring
leading to significant daytime consequences and
thus may be candidates for treatment of their under-

TABLE 5. Prevalence and Adjusted ORs for Behavioral Problems at 1-Year Follow-up Stratified by Category of Snoring (N � 158)

Behavioral Problem Definition Snoring Category

Controls
(N � 80)

Ex-habitual Snoring
(N � 41)

Long-Term Habitual Snoring
(N � 37)

n % n % OR (95% CI) n % OR (95% CI)

Conduct problems Score �3 13 16.3 7 17.1 1.3 (0.5–3.8) 11 29.7 2.8 (1.03–7.7)
Hyperactivity-inattention Score �5 15 18.8 7 17.1 0.9 (0.3–2.7) 15 40.5 4.2 (1.7–10.8)
Emotional symptoms Score �3 13 16.3 9 22.0 1.4 (0.5–3.9) 18 48.6 5.5 (2.2–13.8)
Peer problems Score �3 4 5.0 4 9.8 2.9 (0.6–13.9) 10 27.0 9.7 (2.4–39.1)
Lack of prosocial behavior Score �6 4 5.0 1 2.4 0.5 (0.05–4.8) 4 10.8 2.5 (0.5–13.0)
Total difficulties Score �12 17 21.3 7 17.1 0.8 (0.3–2.2) 18 48.6 4.3 (1.8–10.7)

ORs are adjusted for gender and age.
Reference category: controls. Significant results are shown in bold typeface.

TABLE 6. Prevalence of Poor Academic Performance at the Initial Assessment and at 1-Year Follow-up Stratified by Category of
Snoring (N � 69)

Poor Academic
Performance

Habitual Snoring Category

Ex-habitual Snoring (N � 38) Long-Term Habitual Snoring (N � 31)

Initial Assessment 1-Year Follow-up McNemar Test Initial Assessment 1-Year Follow-up McNemar Test

n % n % P Value n % n % P Value

In mathematics 10 26.3 13 34.2 .508 10 32.3 13 41.9 .453
In science 8 21.1 11 28.9 .508 7 22.6 11 35.5 .125
In spelling 8 21.1 14 36.8 .109 9 29.0 12 38.7 .727
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lying SDB. Conversely, half of the habitual snorers
did not show poor academic performance, and these
did not have a significant risk for impaired behavior.
Differences in biological susceptibility or disease se-
verity could be potential reasons for this finding.
Additional effort is needed to develop objective
screening measures that accurately distinguish be-
tween “malignant” habitual snoring (ie, snoring that
leads to significant consequences) and “benign” ha-
bitual snoring or indicate which snoring child will
benefit from treatment before significant conse-
quences develop.

It is thought that sleep disruption, intermittent
hypoxia, and/or hypercarbia are physiologic corre-
lates of SDB responsible for adverse daytime symp-
toms such as hyperactivity and difficulties in main-
taining attention. They are suspected to cause
prefrontal cortical dysfunction and lead to impaired
cognitive execution.11 The precise role of each of
these physiologic disturbances is not known, but
intermittent hypoxia is a potential candidate. Inter-
mittent hypoxia is a widely known independent con-
tributor to general intellectual deficits26 and reaction
time27 in adult SDB. In addition to sleep fragmenta-
tion, intermittent hypoxia is thought to provide a
determinant for cognitive performance in memory,
problem solving, and executive skills.28 In animal
models, intermittent hypoxia induces substantial in-
creases in neuronal cell loss and adversely affects
spatial memory tasks.29 However, a large popula-
tion-based study revealed snoring associated with
daytime sleepiness independent of the presence of
sleep apneas.30 Thus, activation of the sympathetic
nervous system rather than apnea-related hypoxia
was suggested to correlate with daytime sleepiness.30

In children, data from large population-based co-
hort studies on the association among intermittent
hypoxia, cognition, and behavior are lacking. We
recently demonstrated an association between inter-
mittent hypoxia and poor academic performance in
mathematics.14 The observations made in the present
study suggest that intermittent hypoxia may not be
an important cause of behavioral problems. This was
also found by others, suggesting that snoring, even
without apnea and what would be perceived as clin-
ically relevant desaturation, is associated with neu-
robehavioral consequences.12,13 Taking these results
into account, intermittent hypoxia may play a role
rather in “classic” neurocognitive deficits such as
problem solving than in impaired behavior. Several
elements within snoring could be the determinants
of such morbidity. Snoring children may be differ-
entially affected in their sleep architecture, poten-
tially leading either to visually recognizable cortical
arousals (respiratory event–related arousal) or to
dynamic spectral changes in the electroencephalo-
gram.31 These indicators of sleep fragmentation
could adversely affect neurocognitive function and
behavior in children with SDB.

Less is known about behavioral problems in chil-
dren with SDB. Although hyperactive-inattentive be-
havior and daytime sleepiness were reported repeat-
edly in pediatric SDB,3–6,12 other difficulties in
behavior have not been mentioned so far. We there-

fore performed a more detailed evaluation of behav-
ior at follow-up using a brief screening questionnaire
covering behaviors, emotions, and relationships. Our
results with this standardized and validated tool
support the finding that hyperactive-inattentive be-
havior is common among habitual snorers. More-
over, we found significant emotional symptoms, con-
duct, and peer problems in habitually snoring
children. These findings extend our knowledge on
the daily life of habitual snorers, who may have
reduced quality of life (as a result of emotional im-
pairments), social disintegration (as a result of peer
problems), and impaired parent–child interaction (as
a result of conduct problems). Moreover, our results
for children who had stopped snoring habitually
before follow-up suggest that normal behavior (or at
least a significant improvement) can be achieved
when habitual snoring ceases. However, even when
improvement or normalization of behavior occurs,
this does not obligatorily mean that the process is
fully reversible to the complete extend of the damage
induced by the disorder. In other words, reversibility
may be only partial attributable to lack of knowledge
concerning the potential ability of the subject.

In contrast to behavior, academic success showed
no improvement on cessation of snoring. This non-
responding of academic performance to snoring ces-
sation may have several potential explanations: 1)
there may be no causal relationship between habitual
snoring and academic performance; 2) there may be
a causal relationship but the follow-up sample was
too small or biased or the methods used were insuf-
ficient to detect subtle changes in academic perfor-
mance; 3) snoring may not have ceased in children
who were categorized as ex-snorers but was simply
not recognized by their parents; 4) in contrast to
impaired behavior, neurocognitive deficits may not
have improved, suggesting a long-lasting effect of
SDB on neurocognition19; and 5) children had im-
proved their neurocognitive performance, but this
was not sufficient to improve grades 1 year later. In
fact, the prevalence of poor academic performance
was consistently higher at follow-up in either snor-
ing group. The school report of 2002, which was used
to assess academic achievement at follow-up, was
the final report of the 4 primary school grades. Dif-
ferent teachers’ rating styles thus may have influ-
enced and obscured results. Others have shown that
grades significantly improve in first graders when an
underlying SDB is treated.18 Thus, a causal relation-
ship can be assumed. We therefore suggest method-
ologic shortcomings as the most likely explanation
for our finding, but additional studies involving ob-
jective assessments are needed to clarify this point.

Limitations
Some limitations of the current study have been

discussed elsewhere.14 In short, data on snoring and
behavior were ascertained via parent questionnaires
and not based on objective measures. Therefore, un-
derreporting bias (eg, misperception of snoring) and
overreporting bias (eg, increased awareness of be-
havioral problems in snoring children) could have
occurred. Despite these considerations, the robust
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and clear dose-effect association between snoring
and impaired behavior is consistent with the possi-
bility that this breathing disorder may contribute to
impaired behavior in some children.5,6

The observed association of SDB with impaired
behavior could reflect confounding by a variety of
social and health factors.10 Although we adjusted for
important confounders, some residual confounding
might have led to our findings. There is, however,
increasing evidence that SDB is associated with be-
havioral problems, independent of other demo-
graphic and respiratory health variables.5

We did not find any association between intermit-
tent hypoxia and impaired behavior in our study.
Several methodologic issues should be considered in
this relationship. 1) To identify intermittent hypoxia,
children were studied at home using pulse oximetry.
A limited recording time (�5 hours) during 1 single
night was assumed to be sufficient for the study
purpose, but we may have failed to identify some
children with intermittent hypoxia, leading to mis-
classification bias and thus underestimating associ-
ated risks. 2) The study may have been underpow-
ered to allow for a reliable assessment of the effect of
intermittent hypoxia on behavior. After all, the co-
hort with habitual snoring and intermittent hypoxia
included only 29 children. Regarding the distribution
and variability in behavioral scales and academic
performance, this may be an insufficient sample size.
If, however, intermittent hypoxia has an impact on
behavior, then this relationship is expected to be
independent of snoring. We did not find more be-
havioral problems in children with intermittent hyp-
oxia compared with those without, either in the total
study sample or in subgroups of snorers and non-
snorers. Insufficient sample size thus may be an un-
likely explanation. 3) The definition of intermittent
hypoxia was somewhat arbitrary. It thus is possible
that some children without intermittent hypoxia may
have had sustained milder desaturations and shorter
clusters such that snoring may be a better surrogate
of functionally relevant intermittent hypoxia than
the criteria used in this study to define intermittent
hypoxia.

For the follow-up assessment, only a part of the
original sample of exposed children (habitual snor-
ers) was available. This could have introduced some
bias. Because of migration, several families were lost
to follow-up (migration bias). Parents of ex-habitual
snorers who had improved their academic perfor-
mance could have been less interested in participat-
ing in a follow-up study than parents of ex-habitual
snorers who had not improved their academic suc-
cess (selection bias). This could also partly explain
why we did not find an improvement in academic
performance after the cessation of snoring.

CONCLUSION
Habitual snoring was common among these pri-

mary school children and was associated with hy-
peractive and inattentive behavior and daytime
tiredness and sleepiness. This association did not

seem to be mediated via intermittent hypoxia. At a
1-year follow-up, half of the former habitual snorers
still snored habitually and their behavior, in contrast
to the children who had stopped snoring habitually,
had not improved. In addition to hyperactive-inat-
tentive behavior, habitual snorers showed more
emotional symptoms and conduct and peer prob-
lems than control subjects. Considering its high prev-
alence and assuming a causal link to disturbed be-
havior, habitual snoring seems to be a substantial
public health problem in school-aged children.
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CYBERBULLIES

“The fight started at school, when some eighth-grade girls stole a pencil case
filled with makeup that belonged to a new classmate, Amanda Marcuson, and she
reported them. But it did not end there. As soon as Amanda got home, the instant
messages started popping up on her computer screen. She was a tattletale and a
liar, they said. Shaken, she typed back, ‘You stole my stuff!’ She was a ‘stuck-up
bitch,’ came the instant response in the box on the screen, followed by a series of
increasingly ugly epithets. . . . The episode reflects one of many ways that the
technology lubricating the social lives of teenagers is amplifying standard adoles-
cent cruelty. No longer confined to school grounds or daytime hours, ‘cyberbullies’
are pursuing their quarries into their own bedrooms. Tools like e-mail messages
and Web logs enable the harassment to be both less obvious to adults and more
publicly humiliating, as gossip, put-downs, and embarrassing pictures are circu-
lated among a wide audience of peers with a few clicks.”

Harmon A. New York Times. August 26, 2004

Noted by JFL, MD
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