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State of the Art: Sleep Disordered Breathing in Children

Neurocognitive and Behavioral Impact of Sleep
Disordered Breathing in Children

Judith A. Owens, MD, MPH*

Summary. The consequences of poor quality and/or inadequate sleep in children and

adolescents have become a major public health concern, and one in which pediatric health care

professionals have become increasingly involved. In particular, insufficient and/or fragmented

sleep resulting from primary sleep disorders such as obstructive sleep apnea (OSA), often

compounded by the presenceof comorbid sleep disorders aswell as by voluntary sleep curtailment

related to lifestyle and environmental factors, has been implicated in a host of negative

consequences. These range from metabolic dysfunction and increased cardiovascular morbidity

to impairments in mood and academic performance. The following review will focus on what is

currently known about the effects of sleep disordered breathing (SDB) specifically on

neurobehavioral and neurocognitive function in children. Because of the scarcity of literature on

the cognitive and behavioral impact of sleep disorders in infants and very young

children, this review will target largely the preschool/school-aged child and adolescent populations.

In addition, the focus will be on a review of the most recent literature, as a supplement to

several excellent previous reviews on the topic.1–4 Pediatr Pulmonol. 2009; 44:417–422.
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MANIFESTATIONS OF DAYTIME SLEEPINESS
IN CHILDREN

Excessive daytime sleepiness is commonly viewed as
one of the primary mechanism through which sleep
disorders exert their negative impact on mood, cognitive
functioning, and behavior. In any discussion of the impact
of sleepiness in the pediatric population, it should first be
emphasized that impairments related to sleepiness are
often acted out behaviorally (e.g., hyperactivity, impul-
sivity, increased aggression) by children rather than
expressed verbally (e.g., complaining of being tired).5 In
addition, depending upon a number of child-related
variables (e.g., age, developmental level, temperament),
there is likely to be substantial variability in the types of
behavioral manifestations of sleepiness observed; for
example, young children are less likely than older children
to act characteristically ‘‘sleepy’’ (e.g., yawning, rubbing
eyes, and/or resting the head on a desk) following sleep
restriction. Furthermore, sleepiness-related behaviors
may also be interpreted according to the context in which
they occur (e.g., a child who is ‘‘hyperactive’’ at bedtime
may be presumed to be sleepy). Finally, what behaviors
are defined as outside the range of ‘‘normal’’ (i.e., napping

in a 2-year-old vs. a 12-year-old) often depends on
developmental level and even cultural interpretation.

In terms of pathological causes, it is also helpful to
conceptualize excessive or inappropriate daytime sleepi-
ness in children as evolving from four basic etiologic
mechanisms as follows (Fig. 1): sleep is either insufficient
for individual physiologic sleep needs (e.g., ‘‘lifestyle’’
sleep restriction, sleep onset delay related to behavioral
insomnia), or is adequate in amount but fragmented or
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disrupted by conditions that result in frequent or
prolonged arousals (e.g., obstructive sleep apnea (OSA),
periodic limb movement disorder). Third, sleep disorders
in which there is a primary underlying defect in the
regulation of wakefulness (e.g., narcolepsy) are less
common, but important and under-recognized causes of
excessive daytime sleepiness in children and adolescents.
Fourth, circadian rhythm disorders, in which sleep is
usually normal in structure and duration but occurs at an
undesired time (e.g., delayed sleep phase disorder, in
which the individual’s intrinsic sleep onset and wake time
are shifted to a later time than is desirable) may result in
fatigue-related impairments. Finally, it should be recog-
nized that more than one of these contributors to daytime
sleepiness may be present in a given patient.

COGNITIVE, MOOD, AND BEHAVIOR
PROBLEMS IN CHILDHOOD SDB

Although virtually all sleep disorders resulting in
insufficient and/or disrupted sleep may have similar
impact on mood, attention, cognition, and behavior, the
primary sleep disorder that has been most extensively
studied in this regard is sleep disordered breathing (SDB).
Pediatric SDB includes the broad spectrum of pathology
ranging from primary snoring (snoring without observable
ventilatory abnormalities) to obstructive hypoventilation/
hypopneas to frank apneas with complete cessation of
airflow, and includes such related entities as upper airway
resistance syndrome. Etiologic factors are related to
reduced upper airway patency and increased collapsibility
related to obstruction, reduced tone, and upper airway
anatomical features; specific risk factors include adeno-
tonsillar hypertrophy, allergies/asthma, race (e.g., African
American),6 positive family history of SDB, and, increas-
ingly, obesity in the pediatric population (Table 1).
Although the association between OSA and ‘‘backward-
ness and stupidity’’ was initially noted in the late 1800’s by
Dr. William Hill, our understanding of the neurocognitive
and neurobehavioral sequelae, as well as the specific

factors contributing SDB-associated morbidity, has
greatly increased in the last decade.

It should be noted, however, that although polysomnog-
raphy (PSG) is considered to be the ‘‘gold standard’’ for
diagnosis of SDB in children, many outcome studies have
utilized subjective parent-reported symptoms of SDB
(e.g., snoring, apneic pauses) to predict neurobehavioral
and neurocognitive sequelae. In addition, there are no
universally accepted specific pediatric polysomnographic
parameters, which distinguish primary snoring from OSA,
etc. Thus, there is variability in the literature regarding
definitions of ‘‘pathology’’ versus ‘‘non-pathology’’.1

There is also a considerable amount of variability in the
outcome measures used (i.e., parent report of behavior,
teacher observations of attention, academic achievement,
performance on neurocognitive tests), which also creates
some challenges in comparing results across studies.
Finally, a variety of samples have been used in these
outcome studies, ranging from general community
populations, to children referred for symptoms of SDB,
to children with identified behavioral/academic problems.

Despite these methodological limitations, most pedia-
tric studies have supported a fairly consistent profile of
deficits in children with SDB. These include an increase in
subjective sleepiness and mood disturbance, behavior
problems, and deficits in attention, memory, and executive
functions.7–10 Although to a lesser extent than typically
found in adult studies, both subjective observations and
objective documentation (i.e., multiple sleep latency test)
of increased sleepiness have been demonstrated; children
who are obese with SDB may be at relatively higher
risk for these problems.11 Mood disturbances, such as
irritability and, in particular, mood instability and emo-
tional dysregulation, have also been frequently reported in
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Fig. 1. Conceptual framework of sleep dysfunction in children.

TABLE 1— Risk Factors for Pediatric Sleep Disordered
Breathing

Upper airway obstruction

Upper airway narrowing

Reduced upper airway tone

Adenotonsillar hypertrophy

Craniofacial anamolies

Retrognathia, mid-face hypoplasia, choanal atresia, etc

Congenital syndromes (Pierre–Robin, Hunter’s, Hurler’s,

Achondroplasia, etc.)

Trisomy 21

Hypotonia/neuromusclar disorders

Cerebral palsy, muscular dystrophy, spina bifida

Chronic allergies, asthma

Gastroesoghageal reflux

Repaired cleft palate

Obesity

Adipose tissue neck, pharyngeal fat pads

Congenital syndromes—Prader–Willi, etc

�pre-pubertal, " 5� teens

Family history: " 2–4� risk

Former pre-term: " 3� risk

Prior adenotonsillectomy
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these children. In terms of cognitive function, several
studies have found deficits in general intelligence
compared to controls;12,13 however, it should be noted
that the comparison groups in these studies had higher
than average IQs, and that other studies have failed to find
as association between IQ and SDB severity.14 Studies
which have compared specific neuropsychological func-
tions in children with OSA have found the most significant
impairments occur for tasks involving reaction time and
vigilance, and sustained and selective attention.2,3,15,16

Studies which have examined other cognitive deficits such
as language delays, and impairments in visual perception,
motor functions, and memory, have not found
consistent significant impairments in these domains.17

Not surprisingly, a number of studies have also found
an association between low levels of academic achieve-
ment and SDB,9,18 which likely represents the combined
influence of a number of these learning and attention-
based impairments.

A higher prevalence of parent-reported externalizing
behavior problems, including impulsivity, hyperactivity,
aggression, oppositional behavior, and conduct problems
has been frequently reported in studies of children with
either polysomnographically diagnosed OSA or symp-
toms suggestive of SDB.19–23 The strength of these
relationships has been reported to range from adjusted
odds ratios of 2.4 (hyperactivity) to 9.7 (peer problems).
Effect sizes across studies are typically in the range of
0.5–0.6, indicating a moderately high degree of corre-
spondence, and the relationship persists even when
controlling for confounding factors, such as obesity.24

Other studies have also found higher levels of inattention
and internalizing behaviors (somatic complaints, social
withdrawal) as well, although effect sizes are generally
less robust (i.e., 0.4).1 Finally, quality of life (QOL) has
been demonstrated in a number of studies to be negatively
impacted in children with OSA,25 including effects on
caregivers and other family members, which are similar to
the decrements in QOL in children with chronic medical
conditions.26

SDB SYMPTOMS IN CHILDREN WITH LEARNING
AND BEHAVIOR PROBLEMS

Alternatively, the prevalence of SDB symptoms in
children with identified attentional, behavioral, and
academic problems has also been examined in several
studies. One sample of first graders performing academ-
ically in the lowest 10th %ile found a prevalence of 18% of
significant SDB symptoms.18 A number of other studies
have found a similar increased prevalence of snoring in
young children with behavioral and school concerns,
suggesting that there may be an approximately twofold
increased risk of habitual snoring and SDB symptoms in
children with high scores on hyperactivity scales.21 A

particular area of clinical research interest has been the
association between SDB and attention deficit hyper-
activity disorder (ADHD).27 Obviously, from a clinical
perspective, there is a substantial overlap between the
impairments associated with SDB and the diagnostic
criteria for ADHD. For example, one study suggested that
as much as 25% of children with clinically significant
symptoms of ADHD (i.e., hyperactivity/impulsivity) also
had symptoms of SDB (i.e., snoring).7 Another study by
the same group found that not only did 28% of children
scheduled for adenotonsillectomy meet the current
Diagnostic and Statistical Manual (DSM-IV-R) criteria
for ADHD (vs. 7% of otherwise healthy surgical controls),
but 1-year post-adenotonsillectomy, 50% of those chil-
dren no longer met ADHD criteria.28 In another recent
study, ADHD scores normalized in 78% of 40 children
who had undergone adenotonsillectomy 6 months prior.29

Habitual snoring is reported to be three times more
common in children with ADHD than in other child
psychiatric or general pediatric populations. A corollary
of the relationship with ADHD is the impact of SDB
specifically on ‘‘executive functions,’’ which include
cognitive flexibility, task initiation, self-monitoring,
planning, organization, and self-regulation of affect and
arousal. For example, the results of one study suggested
that SDB may be associated with impaired executive
function in preschoolers, with its strongest impact on the
inhibition dimension, further emphasizing the importance
of early intervention for sleep-disordered breathing in this
young group.30

RISK FACTORS FOR NEUROBEHAVIORAL
SEQUELAE IN CHILDHOOD SDB

Not all studies have found a relationship between SDB
in children and deficits in specific neurobehavioral/
neurocognitive domains. Most studies, for example, have
failed to find a direct correlation between polysomno-
graphically derived parameters of disease severity, (such
as the number of apneic/hypopneic episodes per hour
apnea hypopnea index, AHI) and oxygen saturation, and
cognitive and behavioral problems. Therefore, there does
not appear to be a direct dose–response relationship
between disease severity and these outcomes. Further-
more, several recent studies have found neurobehavioral
deficits associated with primary snoring in children that
are similar to those found in children with OSA, further
suggesting that disease severity-related variables alone
may not account for the impairments observed.10,31

This has led to speculation that other factors, including
individual genetic susceptibility, environmental influen-
ces such as passive smoking exposure, and co-morbid
conditions, such as obesity, shortened sleep duration, and
the presence of other sleep disorders, may also influence
neurocognitive outcomes. For example, polymorphisms
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involving more than one locus in the Apolipoprotein E
gene (APOE e4) and its regulatory region have been found
in association with OSA in children.32 Furthermore,
children with both habitual snoring and OSA are more
likely than non-snoring children to have the APOE e4
allele (11% vs. 1.5%), which has been shown in adults to
be associated with an increased risk of OSA.33 Further-
more, this relationship appears to be more robust in
children with OSA and neurocognitive dysfunction (22%
vs. 4%; OR 6.8).34

Short sleep duration has been found to be a confounding
factor in the relationship between SDB and adverse
neurocognitive outcomes;35 for example, children refer-
red for SDB were found to be more likely to have impaired
cognitive function if they also had a short/variable time in
bed (TIB).36 Insufficient sleep has also been identified as a
potential risk factor for childhood obesity, further
complicating the inter-relationships among these contri-
buting factors.37 In fact, the combination of obesity and
OSA has been shown to be associated with more severe
impairments.38 In addition, the relative contribution of
disease duration and of potential developmental ‘‘win-
dows of vulnerability’’ regarding the impact of OSA have
yet to be elucidated. Finally, the contribution of comorbid
sleep disorders (i.e., restless legs syndrome/periodic limb
movement disorder, insomnia, behaviorally induced
insufficient sleep) to adverse neurobehavioral outcomes
has been shown to be substantial.35,39

IMPACT OF SDB TREATMENT

Finally, studies which have looked at changes in
behavior and neuropsychological functioning, in children
following treatment (usually adenotonsillectomy) for
OSA/SDB have also largely documented significant
improvement in daytime sleepiness, mood, behavior,
and QOL post-treatment25,28,40–51 compared to control
samples. A recent review52 evaluating outcomes in
children after adenotonsillectomy included 25 studies
which utilized single or combinations of measures ranging
from parent-reported behavioral changes to academic
class rankings to QOL improvements. Both short- and
long-term positive changes were reported in these studies;
for example, in one study, improvements in QOL persisted
for up to 3 years post-intervention.46 Improvements in
behavioral ratings were demonstrated using both broad-
based instruments such as the Child Behavior Checklist
(CBCL)49 and more targeted measures of attention,
hyperactivity, and impulsivity.23 Although many of these
studies relied on relatively more subjective (parent-report)
measures of improvement, which may be influenced by
expectations regarding treatment outcome, other studies
have documented objective improvements on direct
testing in neuropsychological measurements of attention,
vigilance and reaction time, and cognitive func-

tions.45,48,50 However, similar to the lack of correlation
between disease severity and neurobehavioral outcomes,
the correlation between improvements in post-treatment
respiratory parameters, as documented by PSG, and
improvements in cognition, behavior, and QOL is overall
poor.15,43,44,47 In particular, ‘‘normalization’’ of PSG
measures did not predict functionally significant improve-
ments, and improvement in parameters such as QOL were
seen despite lack of resolution of OSA.51 This has led
to the search for potentially more sensitive markers of
disruption of sleep architecture, such as pulse
transit time53 and cyclic alternating EEG patterns.54

Alternatively, the lack of improvement in neurocognitive
measures despite improvement in respiratory parameters
in some children may imply that associated deficits may
not be fully reversible with treatment, particularly in high-
risk populations.50

PATHOPHYSIOLOGY OF SDB AND
COGNITIVE DYSFUNCTION

Although yet to be fully elucidated, one of the primary
mechanisms by which SDB is believed to exert negative
influences on cognitive function appears to involve
repeated episodic arousals from sleep leading to sleep
fragmentation and resulting sleepiness. In addition, a
number of more recent studies have posited at least an
equally important role for intermittent hypoxia leading
directly to systemic inflammatory vascular changes in the
brain.

It has also been postulated that these two mechanisms
may have unique effects on neurocognitive function; that
is, that intermittent hypoxia may result in selective
impairments in executive function, while sleep fragmen-
tation may preferentially affect attention.16 Although
studies have not been conducted in humans, animal
models suggest that oxidative stress and inflammatory
processes lead to structural and neurochemical changes in
the hippocampus and prefrontal cortex (PFC), areas of the
brain which are specifically involved in attention and
executive functions. Importantly, animal models also
suggest similar inflammatory mechanisms are operative in
the central nervous system in association with restricted
sleep;1 in the case of insufficient sleep, disruption of the
normal restorative features of sleep (i.e., slow wave or
delta sleep) may also play a role in increasing neuro-
cognitive dysfunction. In humans, sleep apnea in adults
has been found to preferentially affect the hippocampus
and cerebellum, and even mild levels of chronic or
intermittent hypoxia from a variety of causes have clearly
been shown to be associated in children with cognitive and
behavioral disruption.55 Furthermore, levels of inflamma-
tory markers such as C-reactive protein (CRP) and
cytokine IL-656 have been shown not only to be elevated
in children with SDB, but also to be associated with
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cognitive dysfunction in these children,57 and to decrease
with adenotonsillectomy.58 Alternatively, the finding that
higher systemic IGF-1 levels are associated with a
decreased risk of cognitive morbidity in children with
snoring has led to the speculation that IGF-1 may be
relatively neuroprotective in these children.59 Abnormal
vascular reactivity and endothelial dysfunction in the
central nervous system may also play a role in neuro-
cognitive dysfunction.60 Finally, the relative contributions
of additional factors such as hypercarbia, changes in REM
latency/percentage, and alternations in other stages of
sleep have yet to be fully explored.

CONCLUSIONS

As the prevalence of pediatric sleep disorders, as well as
the percent of children who have chronically insufficient
sleep, continues to rise,61 it is imperative that pediatric
practitioners are aware of the potential connection
between poor sleep, sleepiness, and impaired daytime
function. In particular, vulnerable populations, such as
children living in poverty, may experience ‘‘double
jeopardy’’ as a result of sleep disorders.62 Not only are
these children at higher risk for developing SDB, as well as
other sleep problems as a result of such conditions as
chaotic home environments, they are potentially likely to
suffer more serious consequences from those sleep
problems than their less vulnerable peers. Caretakers as
well as clinicians caring for children need to emphasize
that maintaining adequate quality and quantity of sleep
could play an important role in mitigating the effects of
underlying learning, behavioral, or mood problems, and in
preventing them from developing in the first place.
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