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Abstract

Numerous studies in the past 10 years have reported on the neurocognitive sequalae of pediatric Sleep Disordered Breathing

(SDB). Variations in criteria used to define SDB in conjunction with the wide variety of neuropsychological measures selected

to evaluate cognitive consequences of SDB have resulted in discrepancies within the literature. This review summarizes the

extant literature regarding cognitive effects of pediatric SDB across domains of global intelligence, attention, executive func-

tion, memory, language, and visuospatial ability. This review also addresses the proposed etiology underlying neurocognitive

consequences of pediatric SDB. The differences in findings across the literature are highlighted and discussed throughout.

Introduction

Sleep disordered breathing (SDB) represents a wide spectrum of respiratory abnormalities in sleep. These
abnormalities range in severity from Primary Snoring (PS) to Obstructive Sleep Apnea (OSA). PS is char-
acterized by vibrations of tissue in the upper airway that occur during sleep without accompanying apnea
or hypopnea.1Prevalence rates of PS are estimated at 6% of school aged children.2 OSA is characterized by
narrowing or collapse of the airway during sleep, which results in episodic airway obstruction, hypoxia, and
subsequent arousal.3Repeated arousals are associated with disrupted sleep architecture, which can result in
non-restorative sleep. OSA occurs in approximately 3% of school aged children.4 Currently, the gold stan-
dard assessment for the diagnosis of OSA is polysomnography (PSG), which identifies disruptions in sleep
stages and cycles.1

There are multiple risk factors associated with pediatric SDB. Commonly cited risk factors in the United
States include male gender5 and African American race.5One study reported that African American children
were three and a half times more likely to have SDB than white American children.6 Children born before 34
weeks of gestational age and children with asthma6-8 are also at a heightened risk for SDB.9-10 Obesity, as
indicated by body mass index (BMI)11-13 or adipose tissue deposits5 is an additional significant risk factor.

There is an extensive body of literature examining the neurocognitive sequalae of SDB in children. This
review focuses on literature regarding the cognitive effects of pediatric SDB and the proposed etiology under-
lying neurocognitive consequences of pediatric SDB. Current discrepancies and limitations of the literature
are discussed.

Global Intelligence

The majority of studies investigating global intelligence of children with SDB report full-scale IQ scores9, 14-15

or general conceptual ability scores11,13, 16-17 in the average range compared to normative data. These find-
ings are largely consistent among preschool,15, 18-19school-aged,14, 16, 20 and adolescent21 children across the
Wechsler Abbreviated Scale of Intelligence,14, 20, 22 Wechsler Intelligence Scale for Children, Third Edition
(WISC-III)16, 23 and Fourth Edition (WISC-IV)21, 24 , the Stanford Binet,18, 25 Kaufman Assessment Bat-
tery for Children,9, 26 and Wechsler Preschool and Primary Scale of Intelligence, Third Edition.15, 27 While
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. multiple studies controlled for race11, 21, 28-29 and socioeconomic status,15, 21, 29 only one study highlighted
demographic-based differences; Hunter et al11 reported that African American children had more symptoms
of SDB than White American children.

Studies that implemented control groups reported that global intelligence scores are reduced in children with
SDB compared to controls.5, 9, 14, 17, 19 In some studies, this effect was driven by differences in performance
on non-verbal intelligence tasks17, 19 while in other studies the effect was driven by differences in verbal
intelligence tasks14or unspecified differences in global cognitive function.21, 28 Therefore, while children with
SDB score in the broadly average range on neuropsychological measures of intelligence, they perform lower
than children in control groups. This discrepancy is partially explained by the definition of average according
to the normal curve; normative data indicates that average abilities range from the 25th to the 75th percentile.
Therefore, while children with SDB and children in control groups both demonstrate average intelligence
according to normative data, children with SDB score on the lower end of average compared to controls.

To further explore the cognitive profiles of children with SDB, differences in global intelligence across SDB
severity groups have been investigated. One study compared children with moderate SDB (AHI [?] 5 per
hour) to children with mild SDB (AHI [?] 4 per hour) and reported lower global intelligence scores in the
moderate SDB group.16 Other studies compared global intellect between children with OSA and children with
PS and reported greater deficits in children with OSA.11, 28 However, findings regarding significance of SDB
severity level are not consistent across all studies. A large group of studies reported no differences in global
intelligence across SDB severity groups.14,15,18,21,29Three out of the five studies that reported no differences
were conducted with infants and pre-school aged children.15, 29 It is possible that short-term sequelae of SDB
in children this age are not severe enough to elicit impairment on objective neuropsychological measures.
Therefore, differences in neurocognitive abilities may be more readily observed with prolonged exposure to
intermittent hypoxia.15

To measure the impact of SDB on global intellect, multiple studies investigated associations between res-
piratory factors and standardized intelligence scores. Some studies that investigated associations between
PSG parameters such as arousal index, obstructive apnea hypopnea index and oxygen saturation reported
no associations with global intellect,5, 14, 15, 18 indicating that changes in respiratory status were not related
to cognitive impairment. Other studies that measured similar PSG parameters reported that total arousal
index,17 apnea hypopnea index (AHI),11 and snoring status30correlated negatively with global intelligence
scores. These results suggest that higher rates of respiratory distress are related to decreased intellectual
functioning in children with SDB.

In summary, research on the global intellectual profile of children with SDB is discrepant. Some of the studies
reviewed above were limited by small sample sizes and a lack of a control group.16, 20 Almost all studies
defined SDB severity using different criteria; some studies defined SDB severity in terms of mild, moderate, or
severe OSA,14, 15, 18 while others defined SDB severity according to the presence of snoring with or without
associated apneic events.5 Additional discrepancies include lack of uniformity for measures of intellectual
functioning, which complicated the amalgamation of findings. In regard to referral sources, some of the
studies reviewed above included participants who were referred for concerns regarding SDB,14, 15, 16, 18, 20

while others included participants recruited from the general population.5, 11, 17, 29 As noted by Smith et al30

participants referred from medical clinics likely differ from those recruited within the community. Finally,
some studies did not control for covariates such as socioeconomic status (SES)11, 20 or BMI,16,20 which are
known correlates of SDB. These discrepancies complicate the interpretation of the impact of SDB on global
cognitive functioning.

Language

Discrepant findings have been reported in studies investigating the impact of pediatric SDB on language. In
comparison to normative data, children with SDB have average expressive language abilities.11,16-17 These
findings are consistent across multiple language measures, including but not limited to the WISC-III,16,23

Expressive Vocabulary Test,11,31 and NEPSY: A Developmental Neuropsychological Assessment32 Language
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. Domain.17Findings regarding receptive language in this population are mixed. The majority of studies
reported average receptive language abilities across multiple measures, including but not limited to the
Peabody Picture Vocabulary Test11,33 and NEPSY32receptive language tasks.11,18,34-35

Despite broadly average performance on language tasks in children with SDB compared to normative data,
differences emerge when comparing language abilities in children with SDB to control groups. Multiple stud-
ies reported greater language impairment in children with SDB on expressive29 and receptive9,17-18,29-30,34

language tasks compared to controls. One study that followed infants with SDB over time reported that
at two years of age, children with persistent SDB symptoms scored 5.3 points lower on a measure of lan-
guage compared to children without SDB symptoms.29 Other studies reported no differences on language
performance across pediatric SDB and control groups.18,34

Limited research has investigated differences in expressive and receptive language performance across multiple
SDB severity levels in children. Hunter et al11 reported that children with moderate to severe SDB (AHI
>5) performed worse on a NEPSY receptive language task than children with less severe SDB. The same
study reported no differences across SDB severity levels on other language tasks.11 Biggs et al18similarly
reported no significant differences across SDB severity level and language performance.

To determine the impact of SDB on language, research has explored the associations between respiratory
status and language performance. Results indicate that a number of respiratory indicators, including the
respiratory disturbance index,18 oxygen desaturation,36 sleep duration,29and frequency of snoring9 were
associated with poorer expressive29,36 and receptive9,18,29language performance in children with SDB.

The studies reviewed above are limited by their examination of language as a broad construct. Future
studies should expand on language profiles in children with SDB by incorporating measures of articulation,
auditory processing, and social pragmatics. In addition, the literature reviewed above is characterized by
discrepancies regarding language development in children with SDB. Definitions of SDB and SDB severity
varied across studies. For example, one study measured SDB with a composite score that combined res-
piratory variables,17 while another measured SDB according to AHI.18 Without consistent SDB indicators
and severity categories, it is challenging to meaningfully compare results across studies. Additionally, not
all studies measured important covariates such as SES11,36and BMI,16,36 which are known to influence SDB
and cognitive performance.

Memory

Discrepant findings were observed across studies that investigated memory performance in children with SDB.
These results were observed across a range of memory measures, such as the Children’s Memory Scale,20-21,37

California Verbal Learning Test,21,38 and NEPSY32 memory tasks.17,19,39-40 Children with SDB performed in
the average range on working memory tasks.17,20 On verbal memory tasks, multiple studies indicated average
encoding,17,21 consolidation,17,21short-term retrieval, 17,21 long-term retrieval,21 and recognition abilities17,21

across list learning21 and story learning tasks.17,21 Multiple studies suggested similarly average encoding,
consolidation, short-term retrieval, and long-term retrieval abilities on visual memory tasks.17,20 Despite
broadly average performance, some studies that included a control group reported differences in memory
abilities for children with and without SDB.19,39-40 These differences were observed across verbal memory
tasks,19 visual memory tasks,19 and tasks with both verbal and visual components.39-40 Kheirandish-Gozal
et al39 measured non-verbal memory with four learning trials, an immediate recall trial, and a delayed recall
trial and reported that children with SDB had lower overall performance on the first trial and over all four
total trials compared to children without SDB. In addition, children with SDB had lower performance on the
immediate and delayed recall trials compared to children without SDB.39 These results indicate that children
with SDB may have difficulties with the acquisition and retention of new information. A more recent study
supported these findings by reporting that children with OSA had poorer overall memory consolidation than
controls on a spatial declarative memory task.40

Limited research has investigated differences of SDB severity level on memory performance. One study of
SDB in school-aged children reported slight differences according to SDB severity; children who had mild
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. SDB performed higher than children with moderate SDB on a narrative memory measure.16 Another study
of SDB in overweight adolescents reported no differences among individuals with primary snoring, mild, or
moderate SDB on verbal memory.21

To determine the impact of SDB on memory, multiple studies investigated associations between respiratory
indices and memory performance. Gregory et al41 conducted an eight-year longitudinal study and reported
that sleep problems at ages five, seven, and nine were not associated verbal memory performance at age
13. Kheirandish-Gozal et al39 reported that the respiratory arousal index predicted the slope of learning
and delayed recall in children with SDB. These results indicated that sleep fragmentation may influence the
challenges that children with SDB have when selecting efficient learning strategies.39 A more recent study
identified specific sleep architecture features associated with NREM stage two sleep in SDB that might influ-
ence memory consolidation.40 In healthy children, sleep-dependent memory consolidation is associated with
NREM stage two (N2) sleep spindles. N2 sigma power is positively associated with memory consolidation.40

In this study, children with OSA had lower N2 sigma power than children with PS and controls.40 Therefore,
N2 sigma power might serve as a biomarker of neurocognitive challenges in pediatric SDB.

The literature reviewed above revealed multiple discrepancies regarding memory performance in children
with SDB. A number of the studies were limited by small sample sizes.40 In addition, most of these studies
defined SDB and SDB severity with different criteria, making it challenging to compare results across studies.
While some of these studies recruited participants from the general population,17,19 others included clinical
samples of children referred for concerns regarding SBD,16,20,39-40 which may create potential referral bias.

Visuospatial Ability

In comparison to normative data, multiple studies reported average visuospatial skills in children with
SDB.16-18 Reports of average performance remained consistent across multiple tests, including the Beery
Visual Motor Integration System,16,42 the NEPSY32Visuospatial domain,17-18 and the McCarthy Perceptual
Performance task.16,43 Few studies utilized a control group or investigated differences in visuospatial abilities
across SDB severity levels. Biggs et al18 investigated differences in visuospatial ability across SDB severity
levels and reported no differences. While the majority of studies on SDB and visual perception are cross-
sectional, one study investigated visuospatial skills over time and reported no differences in abilities between
children with resolved or unresolved SDB after three years.18

Studies that investigated associations between respiratory indices and cognition in children with SDB re-
ported no relationship between oxygen desaturation or acute respiratory index and visuospatial abilities.18

One longitudinal study indicated that parent report of persistent sleep problems at age five years and age
nine years predicted poorer scores on visuospatial tasks at age thirteen years.41 Therefore, it may be ben-
eficial to include variables of sleep duration when investigating associations between SDB and visuospatial
abilities. Understanding the impact of SDB on visuospatial skills is limited by a focus on general visu-
ospatial constructs, rather than more detailed components of visual discrimination, form constancy, visual
figure-ground, and visual closure. Additional limitations include small sample sizes,36 discrepant criteria for
defining SDB and SDB severity levels, and inconsistency in measures of visual perceptual abilities across all
studies.

Attention

Attention is broken down into components of selective attention, which reflects our ability to focus on particu-
lar events, divided attention, which refers to our ability to attend to two stimuli simultaneously, and sustained
attention, which refers to our ability to focus on activities for a long period of time.44 In comparison to nor-
mative data, studies reported average simple attention16,41 and below average sustained attention9,16,20 for
children with SDB. Studies that measured sustained attention with continuous performance tasks reported
borderline impaired overall performance19 and 30% more errors of commission.20 Studies that differenti-
ated between auditory and visual attention reported below average scores in auditory attention20 and low
average20 to average11,17 scores in visual attention. Limited research has investigated SDB severity level on
simple and sustained attention. Hunter et al11reported no attentional differences among snoring children,
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. children with mild SDB, or children with moderate to severe SDB. More research is required to explore the
effects of SDB severity on attentional capacities, both globally and more specifically.

There has been limited research on the association between respiratory characteristics and attention.
Chervin45 reported no associations between attention problems and SDB status or PSG assessment charac-
teristics. In contrast, Christiansz et al46reported significant associations between attention and respiratory
parameters, such as slow wave activity (SWA), which is a sensitive indicator of sleep disruption. Higher
levels of SWA were associated with an increase in percentage of sustained attention errors.46

Discrepancies in the research on attention and SDB are likely influenced by small sample sizes,16,20 lack
of control groups,16,20 differences in definitions of SDB and SDB severity level, and variations between
community based11,17,19 and clinic based6,20,46 referrals. In addition, different measures of attention were
implemented across the majority of studies, making it difficult to effectively compare results.

Executive Function

Executive function (EF) is a broad domain that includes skills to guide goal-directed behavior, including
the ability to shift tasks, update information into working memory, and inhibit responses.47-48 EF has been
well-researched in children with SDB.11,14,16-17,20,21,46 Compared to normative data, most studies report
average abilities to plan and monitor tasks,11,17,21 think flexibly,16 problem-solve effectively,20 and sequence
tasks.21Other studies reported impairments in these same domains.14,46 One recent study reported that
children with SDB fell in the bottom 25% on tasks that measured mental flexibility and problem solving
compared to normative data.46 Another study supported these results with findings of reduced problem-
solving abilities in children with SDB, compared to normative data.14

Multiple studies that included a control group reported differences in EF capabilities for children with
and without SDB. In some studies, SDB groups performed worse than controls in general attention/EF
domains,17,19 specific planning and monitoring tasks,9,17 and efficiency tasks.14Other studies found no dif-
ferences on measures of planning,14,21 organization,14,21and verbal fluency.14 A recent meta-analysis inves-
tigated differences in EF between children with SDB and controls. They reported a medium effect size in
the domain of generativity.49 No significant differences were found on standardized measures of inhibition,
working memory, shifting, or vigilance.49

Studies that investigated the influence of SDB severity level on EF reported more errors on cancellation
tasks in children with mild, compared to moderate SDB,16 and greater impairment on problem-solving tasks
in individuals with severe compared to moderate or mild SDB.11 Others reported no differences across SDB
severity levels for sequencing,21 planning,11,14 and organizing.11,14Therefore, preliminary research suggests
that children with all levels of EF severity may demonstrate reduced executive abilities in domains including
but not limited to planning, organizing, inhibition, and problem solving.

Numerous studies investigated associations between SDB respiratory parameters and EF deficits. Some
studies reported no association between respiratory parameters and EF.5,14 Other studies reported that a
higher arousal index was associated with decreased mental flexibility,20 planning,17organization,17 difficulty
solving complex tasks,46 and increased reaction time.46 Additional respiratory parameters such as AHI,20

slow wave activity,46 and oxygen desaturation46 have also been related to executive dysfunction in this
population. Taken together, the literature indicates that sleep duration and indices of respiratory status are
associated with executive dysfunction across multiple domains in children with SDB.

Kaihua et al50 investigated indicators of executive dysfunction in children with SDB using event related
potentials (ERP). Using an electroencephalograph (EEG), the authors measured two constituents of ERP
(N2 and P3 amplitude and latency) while children were completing a Go/No Go task.50 During the Go task,
children with SDB demonstrated elevated amplitude and latency of P3, indicating a higher level of attentional
investment and delayed response time compared to controls.50 During the NoGo task, children with SDB
demonstrated reduced N2 amplitude and increased P3 latency, indicating reduced impulse inhibition and
longer response time compared to controls.50 This suggests that children with SDB require additional time
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. and additional attentional capacity to complete inhibitory tasks, compared to children without SDB.50 The
authors conjectured that intermittent sleep and hypoxia might influence neural circuitry in children with
SDB, contributing to the increasing amplitude and latency of P3 and decreased amplitude of N2.50

There were large discrepancies in the literature regarding the impact of SDB on EF. These discrepancies were
likely influenced by limited sample sizes,16,20,50 a large variety of EF measures, wide ranging discrepancies
in SDB definitions and criteria, and lack of control for important covariates including BMI16 and SES.11 In
addition, multiple studies recruited participants at-risk for SDB through clinical referrals,14,16,20,46,50 rather
than the community.11,17,19

Interplay of Cognition, Emotion, and Behavior

It is important to note that cognitive challenges occur in the context of other contextual and health
variables.51 In addition to effects of SDB on cognition, there is a large body of research related to the
effects of SDB on behavior, which is beyond the scope of this article. For a systematic review of SDB and
behavior the reader is directed to da Silva Gusmão Cardoso, Pompèia, and Miranda.52 However, because
these intersections are an important consideration, we address the relationship as pertinent to our discussion
on cognition. Previously, researchers suggested that behavioral challenges might mediate the relationship
between SDB and cognitive functioning.21 Smith and colleagues53 investigated the indirect effects of SDB on
cognition through behavior and reported that behavioral problems mediated the relationship between SDB
status and cognition. Therefore, SDB status was related to greater behavioral problems, and greater beha-
vioral problems were related to cognitive functioning.53 One notable limitation of this study was that it did
not control for SES or prematurity status, which are often associated with SDB and cognitive performance.53

In addition to the interplay between cognition and behavior, studies have researched relationships among
SDB and emotion. While the broader relationship between SDB and emotional problems in children is not
the focus of this paper, and the reader is directed to Liu, et al54 for a comprehensive review regarding this
topic, we briefly describe the complex intersections of cognition, emotion, and SDB. Stojek and colleagues55

investigated the relationship among fitness, depression, and attention in children with SDB and found that
SDB directly mediated the relationship between fitness and depression, such that less fitness was related to
greater SDB, which was in turn related to higher levels of depression.55 In addition, the authors reported
that SDB mediated the relationship between fitness and attention, meaning less fitness was associated with
greater SDB, which was associated with worse performance on attentional measures.55Additional research is
needed to support ideas regarding the intersection of SDB, cognition, emotion, and behavior.

Underlying Etiology

There are several hypotheses regarding the mechanisms that underlie cognitive difficulties in children with
SDB. Studies have suggested that cognitive sequalae are a product of episodic decreases in oxyhemoglobin
saturation,11,17 disrupted sleep continuity,11,17 and disrupted sleep architecture17 that occur in children with
SDB. These changes are thought to affect children across the spectrum of SDB severity, including children
with PS.11 Some studies suggest that the stress of intermittent hypoxia and sleep disruption may elicit
inflammatory markers.5,28 A high-sensitivity C-reactive protein (hs-CRP), which measures general levels of
inflammation in the body, is elevated in children with OSA compared to children without OSA.28 Hs-CRP
is also elevated in children with OSA who have cognitive deficits compared to children with OSA who do
not have cognitive deficits.28 Therefore, systemic inflammation may increase neurocognitive impairment in
children with SDB. An additional study that investigated the role of increased adiposity on cognitive abilities
in children with SDB reported that increased central adiposity influences cognition through mechanisms of
low grade, chronic inflammation.5 Therefore, obesity and SDB can both contribute to chronic inflammatory
responses, which are associated with decreased cognitive abilities in some children with SDB.5,28

Since increased inflammation is not associated with decreased cognition in all children with SDB, there is
likely a combination of genetic and environmental factors that interact to elicit neurocognitive risk. Polymor-
phisms in the NOX gene or its subunits56 as well as apoliprotein E allelic variants57 have been implicated
in underlying gene-related susceptibility for neurocognitive deficits in children with SDB. Therefore, some
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. children may have a unique and complex SDB phenotype that predisposes them to cognitive challenges.

Conclusions

Children with SDB demonstrate broadly average cognitive abilities in comparison to normative data across
global intellectual functioning, memory, attention, EF, and language domains.9,14-16,18-21,29 However, these
children often perform significantly worse on measures of cognitive functioning when compared to controls
without SDB.9,14,17,19,28 These differences were often observed across the SDB spectrum, including children
with PS or mild OSA, indicating that low levels of SDB increase risk for cognitive difficulties.11,16,28,30

It is critical to consider contextual variables when interpreting the effects of SDB on cognition. Factors
such as chronic health conditions and perceived discrimination, which indirectly influence cognition for
African Americans51, were not included in any of the reviewed studies. Future research should include
known predictors of health disparities when investigating the relationship of SDB on cognition. Future
research should also explore the above findings across additional cultural contexts.

The underlying mechanisms for cognitive consequences of SDB are still being investigated. Research sup-
ports the role of disrupted sleep architecture and intermittent hypoxia on chronic inflammation, which is
associated with cognitive deficits. 5,28 There appears to be an interaction between genetic susceptibility and
environmental factors, which may explain why some children with SDB have cognitive impairments, whi-
le others do not.56-57 Further research is needed to strengthen our understanding of the mechanisms that
underlie the neurocognitive profiles of children with SDB.

Clinicians, educators, and individuals from the general population must be educated on SDB and the neu-
rocognitive sequalae of SDB in order to increase rates of early identification and early care.
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