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Research progress on the effects of childhood obstructive sleep apnea syndrome

on cognition and brain functions
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Abstract: Obstructive sleep apnea syndrome (OSAS), a prevalent sleep disorder in children, is characterized by recurring upper
airway obstruction during sleep. OSAS in children can cause intermittent hypoxia and sleep fragmentation, ultimately affect brain
development and further lead to cognitive impairment if lack of timely effective intervention. In recent years, magnetic resonance
imaging (MRI) and electroencephalogram (EEG) have been employed to investigate brain structure and function abnormalities in
children with OSAS. Previous studies have indicated that children with OSAS showed extensive gray and white matter damage,
abnormal brain function in regions such as the frontal lobe and hippocampus, as well as a significant decline in general cognitive func-
tion and executive function. However, the existing studies mainly focused on the regional activity, and the mechanism of pediatric
OSAS affecting brain networks remains unknown. Moreover, it’s unclear whether the alterations in brain structure and function are
associated with their cognitive impairment. In this review article, we proposed two future research directions: 1) future studies should

utilize the multimodal neuroimaging techniques to reveal the alterations of brain networks organization underlying pediatric
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OSAS; 2) further investigation is necessary to explore the relationship between brain network alteration and cognitive dysfunction in

children with OSAS. With these efforts, it will be promising to identify the neuroimaging biomarkers for monitoring the brain devel-

opment of children with OSAS as well as aiding its clinical diagnosis, and ultimately develop more effective strategies for intervention,

diagnosis, and treatment.
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Table 1. Summary of related studies investigating cognitive impairment in childhood OSAS
Domain Source Sample size Methods Results
Intelligence Halbower et al®  OSAS = 19; control = 20 WISC-III; WISC-IV  1Q: OSAS < controls

Executive function

Attention

Memory

Language and

Emotion

Zhao et al.”"
Jiet al®

Hunter et al.”®”

Jackman ez al. *¥

Marcus et al.””

Weichard ez al.®

Hunter et al.®*!

Marcus et al.””

Barnes et al.””

Hunter et al.®”

Chen et al.P"

Halbower et al.
35]

[27]

Marcus ef al.!

Halbower et al.””

Giordani et al.”™”

Lau et al.*”

Jackman et al.®"

Weichard ez al.®

Honaker et al."""

Hunter ez al.”*”

Kheirandish-
Gozal et al.*®

OSAS = 59; control = 60
OSAS = 20; control =29
Moderate/severe OSAS = 141;
mild OSAS = 348; PS =431,
control =90

Moderate/severe OSAS = 24;
mild OSAS = 32; PS =60
EAs =226, WWs =227
Resolved OSAS = 15;
Unresolved OSAS = 14;
control = 13

Moderate/severe OSAS = 141;
mild OSAS = 348;

PS =431; control =90

EAs =226, WWs =227

OSAS = 14; control = 14

Moderate/severe OSAS = 141;
mild OSAS = 348;

PS =431; control = 90

OSAS = 50; control =27
OSAS = 19; control =20

EAs =226, WWs =227

OSAS = 19; control =20

OSAS = 12; control = 12
OSAS = 23; control =22

Moderate/severe OAS = 24;
mild OSAS = 32; PS =60
Resolved OSAS = 15;
unresolved OSAS = 14;
control =13

OSAS = 76;

PS =76; control =76
Moderate/severe OSAS = 141;
mild OSAS = 348;

PS =431; control =90

OSAS = 10; control = 10

C-WYCSI; C-WISC
C-WYCSI; C-WISC
DAS

SB5-C

WISC-III; WISC-1V
BRIEF

NEPSY

BRIEF; NEPSY
NEPSY

NEPSY

TMT

CPT

NEPSY

Sentence span; CMS
CMS

HK-WISC; WMS-III;
n-back;

NEPSY

NEPSY

NEPSY; PPVT; EVT

NEPSY; PPVT; EVT

Empathy task

FIQ, VIQ: OSAS < controls
FIQ, VIQ: OSAS < controls
1Q: moderate/severe OSAS < others

1Q: OSAS = controls

1Q: EAs =WWs
Executive
function: OSAS < controls

Executive
function and attention: OSAS < controls

Executive

function: EAs=WWs

Attention and executive function:
OSAS < controls

Attention and executive function:
OSAS < controls

Reaction time: OSAS > controls
Attention: OSAS = controls
Attention and executive function:
EAs =WWs

Verbal working memory: OSAS <
controls; visual spatial working
memory: OSAS = controls
Working memory: OSAS < controls
Phonological loop, visuospatial
sketchpad: OSAS = controls;
central executive: OSAS < controls
Language score: OSAS < controls

Language score: OSAS < controls

Comprehension of instructions:
OSAS < controls
Comprehension of instructions:
severe OSAS < others;
expressive vocabulary:

OSAS = controls

Activation of the left amygdala:
OSAS < controls

OSAS, obstructive sleep apnea syndrome; PS, primary snorers; EA, early-adenotonsillectomy group; WW, watchful-waiting group; WISC-III,
Wechsler Intelligence Scale for Children-Third Edition; WISC-IV, Wechsler Intelligence Scale for Children-Fourth Edition; C-WYCS, Chinese
Wechsler Young Children Scale of Intelligence; C-WISC, Chinese Wechsler Intelligence Scale for Children; FIQ, Full Scale 1Q; VIQ, Verbal IQ; DAS,
Differential Ability Scales; SB5-C, Stanford-Binet Intelligence Scales for Early Childhood, Fifth Edition; BRIEF, Behavior Rating Inventory of Executive
Function; NEPSY, Developmental Neuropsychological Assessment; TMT, Trail Making Test; CPT, Conners’ Continuous Performance Test; CMS,
Children’s Memory Scale; HK-WISC, Hong Kong Wechsler Intelligence Scale for Children; WMS-III, Wechsler Memory Scale-Third Edition; PPVT,
Peabody Picture Vocabulary Test; EVT, Expressive Vocabulary Test.
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A framework for future research on the brain network mechanism of cognitive impairment in OSAS
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Fig. 1. A framework for future research on the brain network mechanism of cognitive impairment in childhood obstructive sleep apnea
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syndrome (OSAS). The research framework contains three modules: (1) the inclusion of subjects: children with OSAS will be selected
as the experimental subjects with children who have normal sleep as the healthy controls. Children with OSAS will be classified
according to the severity of their symptoms based on their overnight polysomnography (PSG) monitoring; (2) research techniques: at
the behavioral level, a combination of questionnaires and cognitive-behavioral tests will be used to assess the alterations of cognitive
function in children with OSAS compared to healthy controls. At the brain structural level, the structural brain network of children
with OSAS can be constructed by different modalities including voxel-based morphometry (VBM), T1, and diffusion tensor imaging
(DTI). At the brain functional level, fMRI and EEG techniques can used to construct the functional brain network of children with
OSAS; (3) the depiction of the underlying brain network mechanism in pediatric OSAS can be achieved by the integrated structural-
functional brain network analysis and synchronous EEG-fMRI technique. Finally, a brain-behavior association model or a classifica-
tion prediction model can be established through statistical analysis to then guide the intervention of cognitive impairment in children
with OSAS.
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