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Study Objectives: To estimate the prevalence of obstructive sleep apnea (OSA) in children with Down syndrome.

Methods: Two authors independently searched databases, namely PubMed, MEDLINE, EMBASE, and the Cochrane Review database. The keywords
used were “Down syndrome,” “Trisomy 21,” “OSA,” “sleep apnea syndromes,” “polysomnography” and “polygraphy.” The prevalence of OSA based on
apnea-hypopnea index (AHI) greater than 1, 1.5, 2, 5, and 10 event/h was estimated using a random-effects model. Subgroup analyses were conducted for
children in different countries, sample size, study year, and risk of bias. Finally, the prevalence of OSA was compared between two types of sleep studies

(polysomnography versus polygraphy).

Results: A total of 18 studies (1,200 children) were included (mean age: 7.7 years; 56% boys; mean sample size: 67 patients). Five studies had low

risk of bias, and nine and four studies had moderate and high risk of bias, respectively. The OSA was evaluated through polygraphy in 2 studies, and
polysomnography in 16 studies. For children who underwent polysomnography, the prevalences of OSA based on AHI > 1, 1.5, 2, 5, and 10 events/h were
69%, 76%, 75%, 50%, and 34%, respectively. Subgroup analyses revealed no significant difference among all subgroups. Meta-regression showed that
AHI > 5 events/h was inversely correlated with age (P < .001). Moreover, the prevalence of OSA based on AHI > 1.5 events/h was lower in polygraphy

compared with polysomnography (59% versus 76%, P = .037).

Conclusions: OSA is highly prevalent in children with Down syndrome. Prevalence of moderate to severe OSA is higher in younger age.
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INTRODUCTION

Down syndrome (DS) was first described by John Langdon
Down in 1866.! DS is caused by an extra copy of chromosome
212 and is the most common genetic disorder, with a prevalence
of approximately 1 in 732 infants in the United States.® Chil-
dren with DS generally have intellectual disability of varying
degrees.** Individuals with DS are at risk of heart defects,® ce-
liac disease,” hypothyroidism,® and otolaryngologic diseases.”'°

Correlations between DS and sleep problems have received
increasing attention.'"'* In particular, obstructive sleep ap-
nea (OSA) is frequently diagnosed in children with DS" and
these children also have numerous predisposing factors for
OSA, such as macroglossia,'*!* midfacial hypoplasia,'® over-
weight,'” and poor muscle tone."”® Studies have demonstrated
that OSA is highly prevalent in children with DS."""* How-
ever, a meta-analysis on the prevalence of OSA in children
with DS has not been conducted. Because untreated pediatric
OSA is associated with long-term adverse consequences,'
epidemiological studies on children with DS and OSA should
be a priority.
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This study aimed to clarify the epidemiology of OSA in
children with DS. First, the prevalence and severity of OSA
in children with DS were estimated, and the correlation be-
tween pediatric OSA and age in patients with DS was explored.
Second, the prevalence of OSA was compared among patients
from different countries, and in studies with different sample
sizes, study years, risks of bias, and using two types of sleep
studies—polysomnography (PSG) and polygraphy.

METHODS

Search Strategy

A meta-analysis was performed based on the PRISMA state-
ment and the recommendations of the Meta-Analysis of Obser-
vational Studies in Epidemiology group.? The study protocol
was registered in PROSPERO (CRD42017071063).%' Two au-
thors independently searched numerous databases, including
PubMed, MEDLINE, EMBASE, and the Cochrane Review
database for articles published until February 2017. The refer-
ence sections of the identified articles were searched to yield

May 15, 2018



Downloaded from jcsm.aasm.org by 49.145.234.186 on March 23, 2022. For personal use only. No other uses without permission.

Copyright 2022 American Academy of Sleep Medicine. All rights reserved.

CF Lee, CH Lee, WY Hsueh, et al.

Table 1—MeSH terms and keywords used in the searching
process.

(1) “sleep apnea” OR “OSA” OR “sleep apnea syndromes’[MeSH] OR
“sleep-disordered breathing” OR “sleep disorders” OR “sleep apnea
syndromes’[MeSH] OR “dyssomnias’[MeSH] OR “polysomnography”
[MeSH] OR “apnea-hypopnea index” OR “polygraphy”

(2) “Down syndrome’[MeSH] OR “Down’s syndrome” OR “Trisomy
21” OR “Mongolism” OR “Mongoloid”

(1) AND (2)

Data Sources: PubMed, MEDLINE, EMBASE, and Cochrane.

additional articles. The keywords searched for were “sleep
apnea,” “OSA,” “sleep apnea syndromes,” “sleep-disordered
breathing,” “sleep disorders,” “sleep apnea syndromes,” “dys-
somnias,” “polysomnography (PSG),” “apnea-hypopnea
index (AHI),” “polygraphy,” “Down syndrome,” “Down’s
syndrome,” “Trisomy 21,” “Mongolism,” and “Mongoloid.”
Table 1 and Table S1 in the supplemental material describe
the literature search process and list the keywords used.

The inclusion criteria were as follows: patients with DS
younger than 18 years who underwent a sleep study (ie, PSG or
polygraphy) for OSA diagnosis. Pediatric OSA diagnosis was
based on AHI in the sleep studies.?? Therefore, the publications
included in this meta-analysis contained information on AHI,
and publications that failed to report AHI were excluded.

The exclusion criteria were based primarily on the absence
of one of the inclusion criteria. Adults with DS were excluded.”
Children who underwent pulse oximetry for OSA diagnosis
were excluded.”* Case reports, abstracts, letters to editors, and
unpublished studies were excluded. The initial search was con-
ducted by the two key reviewers (Lee CF and Lee CH) inde-
pendently and was verified by the other two researchers (Lin
MT and Kang KT).

99 <

Risk-of-Bias Assessment

To assess the external and internal validity of the meta-anal-
ysis, a risk-of-bias tool was used for a systematic review of
the prevalence studies.” The tool comprised 10 items: (1) na-
tional representativeness, (2) target population representative-
ness, (3) random selection or census undertaken, (4) minimal
nonresponse bias, (5) data collected from subjects, (6) accept-
able case definition used, (7) valid and reliable study instru-
ment used, (8) same mode of data collection for all subjects,
(9) length of the shortest prevalence period, and (10) appropri-
ateness of numerator(s) and denominator(s) for the parameter.
Items 1-4 are used to assess the external validity (selection and
nonresponse bias) and items 5—10 are used to assess the inter-
nal validity of the study (measurement and analysis bias). All
of these items are rated as high or low. Item 11, the summary
assessment, is used to evaluate the overall risk of the study
bias and is based on the author’s subjective judgement of the
preceding 10 items rated as low, moderate, or high risk. The
toolset was adapted to each article separately by two authors
(Lin MT and Kang KT), and disagreements were resolved
through consensus.
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Statistical Analysis

Data were extracted and analyzed using Comprehensive Meta-
analysis Version 2 (Biostat Inc., Englewood, NJ, USA, 2005).
Using polygraphy instead of PSG may have resulted in un-
derestimating pediatric OSA diagnosis. Therefore, primary
analysis for OSA prevalence was conducted for children with
DS assessed using PSG. For children who underwent PSG, the
prevalence of OSA based on an AHI of > 1, 1.5, 2, 5, and 10
events/h in children with DS was calculated using a random-
effect model. Statistical heterogeneity among the studies was
assessed using /7 statistics that measured the proportion of
overall variation attributable to between-study heterogene-
ity.?6 The [? statistics > 50% indicated moderate heterogeneity,
whereas that > 75% indicated high heterogeneity. Subgroup
analyses were conducted to compare the prevalence of OSA
among children from different countries, and in studies
with different sample sizes, study years, and risks of bias. A
mixed-effect meta-regression model was used to explore the
correlation between age and prevalence of OSA. Finally, the
prevalence of OSA was compared among studies using two
types of sleep studies (ie, PSG versus polygraphy). A value of
P < .05 was considered statistically significant.

RESULTS

Literature Search

Figure 1 illustrates the literature search process. The initial
web-based search yielded 411 studies and abstracts. Studies
that were unpublished, contained no AHI data, or did not as-
sess a pediatric population were excluded. Ultimately, 36 po-
tentially pertinent studies were identified. Finally, 18 studies
were included in qualitative analyses (Table 2).2"4

Basic Demographics

Table 2 lists the basic demographics of the patients in all the
included studies. The meta-analysis included 18 studies and
1,200 children with DS. The mean age was 7.7 years, boys
comprised 56% of all the children, and the mean sample size
was 67. Seven studies were performed before 2008, and 11
studies were performed after 2008. Eight studies were con-
ducted in the United States, whereas the others were con-
ducted in Italy,?” Israel,”® Spain,”” Hong Kong,*' Australia,*’
Norway,*® Belgium,* Chile,” and the United Kingdom.*
Most studies recruited their participants from a DS clinic in
a hospital-based setting. The OSA was diagnosed through
polygraphy in 2 studies and PSG in 16 studies. Table 2 sum-
marizes the risk factors for OSA and the main findings of the
included studies.

The studies enrolled in this meta-analysis used either PSG
or polygraphy to evaluate OSA in children with DS.?”-* The
polygraphy tended to use the same equipment and software as
the PSG. The major difference between these two types of ex-
amination methods is that electroencephalography signals are
standard equipment in the PSG but are not included in polyg-
raphy montages.”*** Table S2 in the supplemental material
lists the details (eg, place, scoring criteria, and channels) of the
sleep studies (ie, polygraphy and PSG) of the included studies.
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Figure 1—Flow diagram of literature search.
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Table S3 in the supplemental material lists the risk of bias re-
sults in detail. Five studies had a low risk of bias, nine studies had
a moderate risk of bias, and four studies had a high risk of bias.

OSA Prevalence in Children With DS

For children with DS who underwent PSG, OSA prevalence
based on AHI > 1 event/h was 69% (95% confidence interval
[CI], 59% to 77%, I = 59.4%) (Figure 2). OSA prevalence
based on AHI > 1.5 events/h was 76% (95% CI, 61% to 86%,
1% = 65.1%) (Figure S1A in the supplemental material). OSA
prevalence based on AHI > 2 events/h was 75% (95% CI, 64%
to 84%, 1>=77.3%) (Figure S1B in the supplemental material).
The 95% CI of the prevalence of AHI > 1 event/h (95% CI, 59%
to 77%), 1.5 events/h (95% CI, 61% to 86%), and 2 events/h
(95% CI, 64% to 84%) are overlapping, implying that the dif-
ferences between the prevalence of AHI > 1, 1.5, 2 events/h are
statistically insignificant. Moreover, OSA prevalence based on

AHI > 5 events/h was 50% (95% CI, 38% to 62%, 12 = 81.8%)
(Figure S2 in the supplemental material), and the prevalence
of OSA based on AHI > 10 events/h was 34% (95% CI, 20%
to 51%, 12 = 87.8%) (Figure S3 in the supplemental material).

Subgroup Analysis

For children with DS who underwent PSG, subgroup analy-
sis was performed to compare OSA prevalence (ie, AHI > 1
event/h) among different nationalities, and in studies with dif-
ferent sample sizes, study years, and risks of bias (Figure 3).
The results showed that OSA prevalence did not significantly
differ by nationality (non-American versus American; 78%
versus 61%, P = .074), or for different sample sizes (< 30 ver-
sus > 30 patients; 74% versus 67%, P =.508), study years (after
2008 versus before 2008; 76% versus 66%, P = .350), or risks
of bias (low versus moderate versus high; 57% versus 67%
versus 87%, P =.200).
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Table 2—Basic demographics of included studies.

Sleep Male Risk of
First Author, Year | Country Sampling Method Study n Age (%) Bias Risk Factor and Finding
Ferri, 1997 % Italy Hospital PSG 8 136y | NR High DS increase in central apnea
Levanon, 1999% Israeli G‘er)etlc counseling outpatient PSG 2 48y NR | Moderate DS accompanied by awakenlqgs,
clinic arousal, and sleep fragmentation
de Miguel-Diez, . - 0 Risk factor: young age, male, and
20032 Spain DS clinic Polygraphy | 108 79y | 64% Low tonsillar hypertrophy
Dyken, 2003 % United States | DS clinic PSG 19 88y | 47% | Moderate -
Ng, 2006 *! Hong Kong DS clinic PSG 22 108y | 68% Low Risk factor: old age and obesity
Shott, 2006 United States Children with DS and ENT PSG 56 35y NR High Poor correlatlon between parental
problem impression and PSG
Fitzgerald, 2007% | Australia Ch|!drep with QS came to sleep PSG 3 54y | 61% High PSG should be done in children with DS
clinic with snoring who snore
Shires, 2010% United States | Children with DS and PSG PSG 52 93y | 54% High Risk factor: BMI z score, age, tonsil size
Rosen, 2010% United States | Children with DS and PSG PSG 29 <2y NR | Moderate | Some infants with DS outgrow OSA
Breslin, 2014 % United States | Community-based sample PSG 31 96y | 35% | Moderate iC;SS\Sassomated with cogniive outcome
Database of sleep center, . .
Lin, 2014 Australia | children with DS and PSG for PSG | 49 | 62y | 53% | Moderate | Criidrenwith DS have more severe
OSA
suspected OSA
Population-based cross- High prevalence of OSA in population-
Austeng, 2014 % Norway sectional study, 57% of children PSG 29 8y 48% | Moderate | based sampling of 8-year-old children
with DS born in 2002 with DS
Brooks, 2015% United States | DS clinic PSG 25 | 10y | 56% | Moderate | OSAIN chidren with DS is nota major
contributor to cognitive deficit
Goffinski, 20154 United States | Infants referred to DS program PSG 59 44 54% Low O.S Ain relatively common in infants
days with DS
Basil, 2016 United States Diagnosis of DS in Medical PSG 303 | 106y | 55% Low Children with DS are at risk of obesity
Centre and OSA
. . + Risk factor: young age
Maris, 20162 Belgium Children with DS at PSG 122 | NR | 57% | Low | *Prevalence of OSAis high even in
multidisciplinary DS team . o
those with negative history
Brockmann, 2016% | Chile gtz!]‘;re" with DS with sleep PSG 44 | 36y | 68% | Moderate -
; United Children with DS in 3 children’s + Male sex and snoring predict OSA
44
Hil, 2016 Kingdom hospitals Polygraphy | 188 NR NR | Moderate |, OSA is common in children with DS

BMI = body mass index, DS = Down syndrome, NR = not reported, OSA = obstructive sleep apnea, PSG = polysomnography.

Meta-Regression for Age Versus AHI

A meta-regression model was used to analyze the correlation be-
tween age and the prevalence of OSA. Age was not significantly
correlated with the prevalence of AHI > 1 event/h in children
with DS (P = .092) (Figure 4A). However, age was inversely
correlated with the prevalence of AHI > 5 events/h in children
with DS (P < .001) (Figure 4B). Age was also inversely corre-
lated with the prevalence of AHI > 10 events/h in children with
DS (P < .001) (Figure 4C), indicating that some children with
DS exhibited moderate-to-severe OSA in their early childhood.

PSG Versus Polygraphy

Finally, this study compared the prevalence of OSA based
on AHI > 1, 1.5, 2, 5, and 10 events/h among children who

Journal of Clinical Sleep Medicine, Vol. 14, No. 5

870

underwent PSG and polygraphy (Figure S4 in the supplemen-
tal material). The prevalence of OSA based on an AHI > 1.5
events/h was significantly lower for children who underwent
polygraphy than for those who underwent PSG (59% versus
76%, P = .037). However, the prevalence of OSA based on
AHI> 1,2, 5, and 10 events/h did not significantly differ among
the children who underwent PSG and polygraphy (all P > .05).

DISCUSSION

This study was the first to our knowledge to perform a meta-
analysis determining the prevalence and severity of OSA in
children with DS. The results revealed that OSA (ie, AHI > 1,
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Figure 2—Prevalence of OSA based on AHI > 1 event/h in children with Down syndrome.

Study name Event/Total Prevalence (95% Cl) Weight
Ferri (1997) —_—a— 9/10 0.90 (0.53, 0.99) 3.5
Levanon (1999) —a— 13723 0.57 (0.36, 0.75) 11.4
Dyken (2003) —_—a— 15/19 0.79 (0.55, 0.92) 8.6
Shott (2006) —a— 32/56 0.57 (0.44, 0.69) 15.2
Fitzgerald (2007) —= 32/33 0.97 (0.81, 1.00) 3.7
Shires (2010) —a— 33/52 0.63 (0.50, 0.75) 14.7
Rosen (2010) —_— 16/29 0.55 (0.37, 0.72) 12.5
Lin (2014) — e 35/49 0.71(0.57, 0.82) 14.0
Austeng (2014) —=n 29/29 0.98 (0.78, 1.00) 2.1
Brockmann (2016) —a— 27144 0.61 (0.46, 0.74) 14.2
Summary (/2 = 59.4%) —— 241/ 344 0.69 (0.59, 0.77)
00 02 04 06 08 1.0

Proportion of AHI > 1
AHI = apnea-hypopnea index, OSA = obstructive sleep apnea.

Figure 3—Subgroups analysis for prevalence of OSA based on AHI > 1 event/h.

Subgroup No. of study

Nationality
Non-USA 6
USA 4
P for heterogeneity = 0.074

Sample size
=30 5
> 30 5
P for heterogeneity = 0.508

Study year
After 2008 5
Before 2008 5
P for heterogeneity = 0.350

Risk of bias
Low 1
Moderate 6
High 3

P for heterogeneity = 0.206

Prevalence (95% CI)
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—-
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—— 0.76 (0.56-0.88)
0.66 (0.54-0.75)

0.57 (0.44-0.69)
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0.87 (0.49-0.98)

+
_<>_
_<>_
H_
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AHI = apnea-hypopnea index, OSA = obstructive sleep apnea.

Prevalence (95% Cl)

1.5 or 2 events/h) was highly prevalent, affecting 69% to 76%
of children with DS. Furthermore, approximately half of these
children (50%) had moderate-to-severe OSA (ie, AHI > 5
events/h). In particular, this meta-analysis found that some chil-
dren with DS had moderate-to-severe OSA in their young ages.
A weak correlation was identified between parent report and
PSG results.** The American Academy of Pediatrics guide-
lines for the care of children with DS recommend that all chil-
dren with DS be referred to a pediatric sleep laboratory for a
sleep study or polysomnography by age 4 years.* From a clini-
cal perspective, this study provides substantial information on
children with DS. Because OSA is typically diagnosed in early

Journal of Clinical Sleep Medicine, Vol. 14, No. 5

childhood, proper diagnosis and management are required to
promote the well-being of children with DS.

In this meta-analysis, children with DS were mostly re-
cruited from a hospital-based setting, that is, a DS clinic or
genetic counseling department. Parents of children with DS
sought medical advice because their children had clinical
symptoms during sleep.**¢ Clinical symptoms such as snor-
ing or breathing pauses are unreliable for predicting pediatric
OSA,*% and children with DS and OSA do not necessarily
snore.”” Maris et al. reported that the prevalence of OSA in
children with DS without clinical symptoms was as high as
53.8%.% These findings suggest a weak correlation between
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Figure 4—Meta-regression for association between the prevalence of OSA based on (A) AHI > 1, (B) AHI > 5, (C) AHI > 10

events/h and ages.
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parental perception of sleep problems and PSG results.*® There-
fore, a clinical physician should either test all children with DS
for OSA* or construct a predictive model to identify those at

Journal of Clinical Sleep Medicine, Vol. 14, No. 5

high risk of the disease.® The only population-based study in-
cluded in this meta-analysis was conducted by Austeng et al.,
who reported cross-sectional data in a limited age group and
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geographical area.’® However, the sample size in the study by
Austeng et al. was relatively small, with only 29 children at age
8 years. Therefore, a population-based OSA survey on the DS
population is strongly desired.

When evaluating sleep in children with DS, it is important
to consider the variety of research methodologies, including
different sampling methods, basic demographic sleep labo-
ratory settings, and evolving sleep scoring criteria. In 2007,
the American Academy of Sleep Medicine published rules for
scoring respiratory events.’! However, different applications
of the rules have resulted in disparities in OSA interpretation.
This meta-analysis subclassified the participants according to
study year before and after 2008 to verify the effect of different
sleep scoring criteria on OSA prevalence in children with DS.
Subgroup analysis was also conducted for different nationali-
ties, sample sizes, and risks of bias. This meta-analysis revealed
that OSA is highly prevalent in all subgroups and differences
in OSA prevalence among the subgroups are nonsignificant.
Despite disparities in sleep scoring criteria and baseline char-
acteristics, OSA is widely observed in children with DS, war-
ranting the need for OSA diagnosis and management strategies.

The evidence correlating age with pediatric OSA is con-
troversial.’>** A systematic review by Lumeng and Chervin
revealed that less convincing data exist to prove differences in
prevalence by age.” In the DS population, the correlation be-
tween age and pediatric OSA is complicated. Dyken et al.**, Ng
et al.’!, and Shires et al.>* observed that OSA is associated with
older age in children with DS. By contrast, de Miguel-Diez et
al. reported that age less than 8 years is associated with OSA.?
Maris et al. reported a significant inverse correlation between
age and OSA in children with DS.*> Rosen* and Goffinski et
al.* discovered that OSA is relatively common in infants with
DS. This meta-analysis revealed that moderate-to-severe OSA
was inversely correlated with age in children with DS. Because
of the lack of longitudinal studies reported in the literature,
this result suggests that OSA in children with DS may start
from a young age, warranting early diagnosis and management
of childhood OSA in the DS population.

Several predisposing factors for OSA in children have been
proposed, including obesity* and adenotonsillar hypertro-
phy.** In the DS population, these risk factors have been ex-
amined but the results are inconsistent. Basil et al. asserted
that OSA risk was elevated in obese children with DS.*! By
contrast, Hill et al. reported that tonsillar hypertrophy and obe-
sity do not predict OSA in children with DS.* Furthermore,
enlargement of the lingual tonsils is relatively common in chil-
dren with DS and is widely considered a risk factor for OSA.5
Recently, Maris et al. further identified that children with DS
and OSA had multilevel collapse in sleep endoscopy.*® Such
anatomy-based studies pertaining to the risk factors of OSA
in children with DS have methodological problems because of
a lack of normal controls.”” Future studies should clarify the
risk factors of OSA in the DS population to facilitate identifica-
tion of high-risk subjects.

Overnight PSG is the “gold standard” for diagnosing pedi-
atric OSA.' Previous studies have suggested that the use of
polygraphy compared with overnight PSG may underestimate
pediatric OSA.?* Similarly, the current meta-analysis revealed
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that the prevalence of pediatric OSA is slightly lower in stud-
ies using polygraphy compared with those using PSG. On the
basis of these findings, we recommend that children with DS
be monitored using overnight PSG to thoroughly understand
their sleep profile.

This study had some limitations. First, the studies included
in this meta-analysis were mostly hospital-based studies. Com-
pared with hospital-based data, population-based studies avoid
referral bias and provide more information on clinical practices
in the general population.®“" Population-based studies are,
therefore, highly desirable. Second, insufficient longitudinal
data are available that track the OSA from childhood to adult-
hood in the DS population.® Understanding the natural history
of OSA in children with DS is therefore vital to the establish-
ment of treatment strategies.®> % Third, some studies included
in this review included central respiratory events in their AHI,
which have inflated their estimated prevalence of OSA. Fourth,
limited evidence exists comparing quality of life®® and neu-
rocognitive®® and cardiometabolic changes® in children with
DS with and without OSA. Future studies should link adverse
consequences with pediatric OSA in the DS population.®®

Terminology

The authors acknowledge that the terms “mongolism” and
“mongoloid” are now considered unacceptable and are no lon-
ger in common use.”” They were used as search terms in the
current review only to capture all relevant literature. The au-
thors imply no endorsement of the use of these terms.

CONCLUSIONS

Children with DS have a higher incidence of OSA. The preva-
lence of OSA based onan AHI > 1, 1.5, 2, 5, and 10 events/h is
69%, 76%, 75%, 50%, and 34%, respectively. The prevalence
of moderate-to-severe OSA is higher at a younger age. The use
of PSG is recommended for diagnosing OSA in children with
DS. Population-based studies, longitudinal data, and more
information regarding the effect on quality of life and neuro-
cognitive outcomes are required in children with DS with and
without OSA.

ABBREVIATIONS

AHI, apnea-hypopnea index
CI, confidence interval

DS, Down syndrome

OSA, obstructive sleep apnea
PSG, polysomnography
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