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Pediatric obstructive sleep apnea and quality of life:

A meta-analysis
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MO; and Seattle, WA
OBJECTIVE: 1) To assess the quality of life (QOL) in children
with obstructive sleep apnea (OSA) compared with QOL of chil-
dren with chronic medical conditions, and 2) To determine QOL in
children with OSA after adenotonsillectomy in short- and long-
term follow-up.
DATA SOURCES/REVIEW METHODS: A literature review
on QOL in pediatric OSA using the PubMed database.
RESULTS: The literature search yielded 10 articles that satis-
fied inclusion and exclusion criteria. In three studies, the Child
Health Questionnaire (CHQ) survey was used to compare 193
patients who had OSA with 93 children who had juvenile rheu-
matoid arthritis (JRA) and with 815 healthy children. Of 12 CHQ
subscale scores for children with OSA, 8 scores were significantly
lower (indicating a poorer QOL) than controls. Children with OSA
scored 19.23 points lower than healthy children in the subscale of
parental impact-emotional. Children with OSA had QOL scores
that were similar to those of children with JRA. In seven publica-
tions, 369 children with OSA undergoing adenotonsillectomy were
studied by using the OSA-18 QOL instrument. The total OSA-18
score and each of the domain scores showed significant improve-
ment (P � 0.0001) after adenotonsillectomy. At long-term follow-
up, QOL scores remained significantly improved.
CONCLUSIONS: Pediatric OSA has a significant impact on
QOL. QOL in pediatric OSA is similar to that of children with
JRA. Large improvements in QOL occur after adenotonsillectomy,
and these findings are maintained in the long-term. The literature
lacks control studies on QOL in pediatric OSA.
© 2008 American Academy of Otolaryngology–Head and Neck
Surgery Foundation. All rights reserved.

Sleep-disordered breathing (SDB) is a spectrum of upper
airway disorders ranging in severity from primary snor-

ing to obstructive sleep apnea (OSA). OSA, which affects 1
to 3 percent of children,1 is characterized by periodic ob-
struction of the upper airway that interferes with normal
respiratory gas exchange and disturbs sleep.2 Children with
OSA often present with a clinical picture of snoring and
witnessed apneas. If not treated, OSA can result in signifi-
cant physiologic sequelae including cardiorespiratory im-
pairment and growth retardation.3
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The gold standard for diagnosis of pediatric OSA is
full-night polysomnography (PSG). PSG, however, is ex-
pensive, time-consuming, and frequently unavailable at in-
stitutions that treat children with OSA.4 Consequently, OSA
is most often diagnosed with clinical criteria, and adeno-
tonsillectomy is performed with no further objective testing.
Although PSG reliably measures the presence and severity
of OSA, it fails to quantify the impact of OSA on a child’s
general well-being, including emotional and behavioral
health. Moreover, although adenotonsillectomy has been
used with increasing frequency to treat children with OSA,5

some controversy remains concerning the specific indica-
tions for this procedure. The absence of randomized con-
trolled trials to identify diagnostic strategies and treatment
indications for OSA further complicates our understanding
of this complex disorder.6

The extent to which pediatric OSA influences quality of
life (QOL) has yet to be fully defined. Furthermore, the
importance of considering health-related QOL in the assess-
ment of surgical outcomes in children with OSA cannot be
overemphasized. Recent studies have used both general and
disease-specific QOL instruments to measure the impact of
OSA on a child’s emotional state, physical symptoms, and
family interactions. The Child Health Questionnaire (CHQ)
is a validated and reliable instrument for measuring global
QOL in children. Several studies have used the CHQ to
compare overall health status in children with OSA to that
of healthy children and children with chronic medical con-
ditions like juvenile rheumatoid arthritis (JRA).7-9 Vali-
dated disease-specific QOL surveys allow for evaluation of
changes in a child’s sleep disturbance and daytime symp-
toms after adenotonsillectomy. Several such disease-spe-
cific QOL instruments, including the Obstructive Sleep
Disorders-6 (OSD-6),10 the Tonsil and Adenoid Health In-
strument,7 and the OSA-1811 have been developed for chil-
dren with OSA. The OSA-18 is the most widely used QOL
survey for pediatric OSA, and has been validated as an
evaluative and discriminative instrument.11 It features 18
k Surgery Foundation. All rights reserved.
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items organized into five domains: sleep disturbance, phys-
ical suffering, emotional distress, daytime problems, and
caregiver concerns.

Although many recent studies have focused on QOL as a
measure of outcome after adenotonsillectomy in children
with OSA,12-18 there are several limitations in this concen-
tration of literature. The studies feature small subject pop-
ulations, short follow-up times, and lack of control groups.
To determine whether adenotonsillectomy leads to improve-
ment in QOL in children with OSA, a large, diverse subject
population must be surveyed. In addition, QOL after surgi-
cal intervention must be evaluated in both the short- and
long-term to assess if improvements in the child’s health
status are maintained.

In light of these limitations, the present meta-analysis
was undertaken with the following objectives: 1) compare
QOL scores in children who have OSA with QOL scores in
healthy children; 2) compare QOL scores between children
who have OSA and children who have chronic medical
conditions; 3) assess changes in QOL after adenotonsillec-
tomy in children who have OSA in both the short- and
long-term; and 4) highlight shortcomings of the current
literature on pediatric OSA and QOL to offer directions for
future research. To our knowledge, this is the first meta-
analysis to examine the existing data on pediatric OSA and
QOL.

METHODS

Published studies that focused on QOL in children with
OSA were reviewed. A literature search for papers pub-
lished between the years 1970 and 2005 was completed by
using PubMed, a service provided by the National Library
of Medicine.19 No language restriction was applied to the
review. The following key search terms were used: pediatric
obstructive sleep apnea, pediatric sleep-disordered breath-
ing, quality of life, adenotonsillectomy, and pediatric poly-
somnography. The reference lists of identified studies were
searched manually to confirm the accuracy of the automated
search.

Articles were reviewed and assessed by two independent
investigators. Inclusion and exclusion criteria were deter-
mined prior to completion of the literature search. Case
reports, letters to editors, abstracts, and unpublished manu-
scripts were not included in this review.

Studies were included if they met the following criteria:

1. Clinical or PSG diagnosis of sleep disordered breathing
or OSA.

2. Patient age range of 1 to 18 years.
3. Use of the Child Health Questionnaire (CHQ) to assess

health-related QOL in children with OSA, or use of the
OSA-18 QOL survey to evaluate outcomes in children

undergoing adenotonsillectomy.
4. Reporting of QOL data at least 4 weeks after adenoton-
sillectomy (short-term) or at least 6 months after adeno-
tonsillectomy (long-term).

5. Surgical therapy limited to adenotonsillectomy using
electrocautery to ensure uniformity of technique.

Studies were excluded for the following reasons:

1. The individual CHQ and OSA-18 domain scores were
not reported.

2. Quality of life was measured with instruments other than
the OSA-18.

3. The study specifically focused on OSA in subsets of
children with comorbidities like obesity.

Articles included in this meta-analysis were organized
into three groups. Group 1 included studies that used the
CHQ to analyze QOL in healthy children, children with
OSA, and children with chronic conditions such as JRA.
Papers that reported OSA-18 QOL scores in children after
the intervention of adenotonsillectomy were divided into the
other two groups. Group 2 included studies that reported
QOL scores in children after adenotonsillectomy with fol-
low-up of at least 4 weeks (short-term); and group 3 was
composed of studies that reported QOL data in children
after adenotonsillectomy with follow-up of at least 6 to 12
months (long-term).

All raw data, including both CHQ and OSA-18 numeric
scores (Appendixes 1 and 2 http://journal.entnet.org), were
analyzed with the random effects model. The mean differ-
ences for QOL scores were computed with the Comprehen-
sive Meta-Analysis software v2.02.044 (Biostat, Inc., 2006,
Englewood, NJ). The Hedges standardized mean difference
was calculated to assess the effect size (the QOL scores with
the most pronounced differences) for all study data.20 The
95% confidence intervals (95% CI) and corresponding
2-sided P values for these scores were also calculated. A P
value less than 0.05 was considered significant.

RESULTS

A total of 19 studies on QOL in pediatric OSA were iden-
tified. Of those, nine papers were excluded: two articles did
not use the CHQ11,21; four articles did not use the OSA-
1810,22-24; two articles focused on subsets of children with
comorbidities like obesity25,26; and one article used radio-
frequency tonsil reduction.27 Figure 1 is a flow diagram that
delineates article selection and exclusion. Thus, 10 publica-
tions were included in this meta-analysis (Table 1). Of these
10 studies, 8 were performed at pediatric otolaryngology
practices at tertiary care centers in the United States, and 1
was from a tertiary care hospital in the United Kingdom.
The total study population included 1470 children: 562
children with OSA, 815 healthy children, and 93 children
with JRA. Table 2 provides data that assess the quality of
the source articles included in the present analysis. No

randomized controlled trials were identified. All the articles
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in group 2 featured similar study completion rates and used
the same primary outcome measure, the OSA-18.

The publications in group 1 (three studies)7-9 compared
overall QOL as measured by the CHQ in children with OSA
to those of healthy children and children with JRA. A
total of 1101 children were evaluated. Of these, 193
(17.5%) had OSA or SDB; 93 (8.4%) were diagnosed
with JRA; and 815 (74.1%) were healthy. The mean age
of the children was 7.9 years (range 6.2 to 11.1 years). In
the study by Georgalas et al,8 53% of the children were
white/Caucasian, whereas in another study (Rosen et al9),
the majority of children (57%) were African American.
Two of the studies featured subject populations who were
greater than 50% male.7,8

Figure 2 shows the combined CHQ QOL scores for
children with OSA compared with healthy children from the
three studies included in group 1. When children with OSA
were compared with healthy children, the mean CHQ sub-
scale scores for physical functioning, role limitations-emo-
tional, bodily pain, behavior, general health perceptions,
parental impact-emotional, parental impact-time, and family
activities were significantly lower (indicating poorer health
status) in children with OSA. For example, children with
OSA scored 19.2 points lower than healthy children in the

Figure 1 A flow chart of the
subscale of parental impact-emotional. The most pro-
nounced differences between healthy children and pediatric
patients with OSA (the effect size) occurred in the domains
of general health perceptions (P � 0.001) and parental
impact-emotional (P � 0.001).

Two of the publications in group 1 (Stewart et al7 and
Georgalas et al8) reported CHQ QOL scores for children
with OSA and children with JRA. Figure 3 shows these
QOL domain scores. For most of the CHQ domain scores,
no significant difference was evident between children with
OSA and children with JRA. However, children affected by
OSA scored 16.3 and 15 points lower (indicating a poorer
QOL) than children with JRA in the CHQ subscales of
parental impact-emotional and parental impact-time, re-
spectively. These differences were significant.

The articles included in group 2 reported on the short-term
changes in QOL scores after adenotonsillectomy. In the seven
publications comprising this group, 369 children with OSA
were studied by using the OSA-18. The mean age of the
children was 6.3 years with a range from 5.3 to 7.1 years. In six
of these studies, the majority of subjects were male; the stud-
ies’ subject populations included children who were
white,12,14-18 black,14,18 and Hispanic.12,14-18 Two of the stud-
ies included children with chronic tonsillitis.14,15 Of the seven
studies, four used PSG for diagnosis of OSA.12,16-18 The me-

election and exclusion process.
dian respiratory disturbance index (RDI) in these studies was
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13.9 (range 3-33.4). The time between surgical intervention
and administration of the postoperative OSA-18 survey ranged

Table 1

Study demographics and findings

Publication

No. of
OSA

subjects

No. of
healthy
subjects

No. of
JRA

subjects

Mean
age
(y)

Group 1 studies*
Stewart 20007 55 391 74 6.2

Rosen 20029 95 203 NA 11.1

Georgalas 20048 43 221 19 6.3

Group 2 studies†
Goldstein 200214 64 NA NA 5.8

Sohn 200315 54 NA NA 6.1

Mitchell 200412 60 NA NA 7.1

Mitchell 200516 61 NA NA 7

Tran 200518 42 NA NA 5.3

Group 2 and 3
studies‡

Mitchell 200417 34 NA NA 6.7

Flanary 200313 54 NA NA 6

OSA, obstructive sleep apnea; JRA, juvenile rheumatoid arth
B, black; H, Hispanic; RDI, respiratory disturbance index; SDB
*Studies using CHQ.
†Studies reporting short-term changes in QOL after adenoton
‡Studies reporting short and long-term changes in QOL after
from 1.6 to 5.4 months.
Table 3 provides the mean OSA-18 change scores (pre-
operative value minus postoperative value) from all seven

le
)

Ethnicity
(%) Summary of findings

NA Children with OSA had poorer CHQ QOL
scores than healthy children. Scores
were similar between children with
OSA and JRA.

57 B
49 W

OSA associated with poor CHQ QOL
scores, especially in domains related
to physical health outcomes.

53 W British children with OSA had poorer
CHQ QOL scores than healthy
children. Scores were similar between
children with OSA and JRA.

38 W
33 B
22 H

OSA-18 change score for sleep
disturbance, caregiver concern, and
physical symptoms show large
improvements in QOL. There was no
correlation between OSA-18 score and
gender or economic status.

64 W
25 B
10 H

OSA-18 change score showed
significant improvement in QOL. OSA-
18 scores had fair correlation with
baseline tonsil size.

28 H
26 W

OSA-18 scores significantly improved
after adenotonsillectomy. Subjects
classified as “RDI-most severely
affected” showed greatest
improvement in QOL, whereas
“moderately affected” showed least
improvement.

54 H
44 W

Large improvements in OSA-18 scores
after surgery regardless of the severity
of SDB.

86 B Significant improvements in OSA-18
scores after adenotonsillectomy. No
correlation between preop RDI and
OSA-18 scores.

50 H
35 W

Improvements in OSA-18 QOL scores
after adenotonsillectomy were
maintained in the long-term.

NA OSA-18 scores showed significant
improvement after surgery. No
significant difference between short-
and long-term QOL scores.

HQ, Child Health Questionnaire; QOL, quality of life; W, white;
-disordered breathing.

my.14,15,12,16,18

tonsillectomy.17,13
Ma
(%

67

46

53

56

64

72

69

60

79

45

ritis; C
, sleep

sillecto
studies. A positive mean change score indicates an improve-
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ment in QOL after adenotonsillectomy. For example, the
postoperative OSA-18 sleep disturbance domain score was
11.6 points lower than the initial preoperative score. The
mean total OSA-18 score and the scores for all symptom
domains showed significant improvement after adenotonsil-
lectomy (P � 0.0001). The subsets of sleep disturbance,
caregiver concerns, and physical suffering featured the
greatest changes in QOL. The domain with the least post-
operative change was emotional distress.

Articles in group 3 reported data that described the long-
term changes in QOL scores in children with OSA after
adenotonsillectomy. Two studies (Mitchell et al17 and Fla-

Table 2

Quality assessment of source articles

Publication
Randomized

trial
Prospective

study
C

Group 1 studies*
Stewart 20007 No Yes
Rosen 20029 No Yes
Georgalas 20048 No Yes

Group 2 studies†
Goldstein 200214 No Yes
Sohn 200315 No Yes
Mitchell 200412 No Yes
Mitchell 200516 No Yes
Tran 200518 No Yes

Group 2 & 3 studies‡
Mitchell 200417 No Yes
Flanary 200313 No Yes

PSG, polysomnography; CHQ, Child Health Questionnaire;
*Studies reporting QOL in healthy children and children with
†Studies reporting short-term changes in QOL after adenoton
‡Studies reporting long-term changes in QOL after adenotons

Figure 2 A graph showing the pooled group 1 mean CHQ QOL
with healthy children. Data points on the negative x-axis indicate

x-axis indicate poorer scores in healthy children. CHQ, Child Health Qu
nary13) were included in this group. These publications
describe postoperative QOL scores for children with OSA
in the short- and long-term and so were included in groups
2 and 3. Long-term follow-up data were reported for a total
of 91 children with OSA. Time between adenotonsillectomy
and the administration of the postoperative OSA-18 survey
was 6 to 16.4 months. Figure 4 shows the long-term
OSA-18 mean change scores for children in group 3.
Compared with preoperative data, QOL scores were sig-
nificantly improved at the time of long-term follow-up
for all domains. The mean total OSA-18 change score
was a positive value at 36.2 points. The OSA-18 subsets

l Full-night
PSG

Study completion
rate (%)

Primary outcome
measure

No NA CHQ
No NA CHQ
No NA CHQ

No 90 OSA-18
No 100 OSA-18
Yes 88 OSA-18
Yes 88 OSA-18
Yes 84 OSA-18

Yes 57 OSA-18
No 60 OSA-18

obstructive sleep apnea; QOL, quality of life.

my.
my.

s with 95% confidence intervals for children with OSA compared
r QOL scores in children with OSA, while points on the positive
ontro
group

Yes
Yes
Yes

No
No
No
No
Yes

No
No

OSA,
OSA.
sillecto
illecto
score
poore
estionnaire; QOL, quality of life.
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that featured the most significant improvements after
surgery included sleep disturbance, caregiver concerns,
and physical suffering.

OSA-18 total and domain scores from group 2 (short-
term) were then compared with scores from group 3 (long-
term). There were no significant differences between post-
operative short-term and long-term QOL scores. In the long
term, there was a slight increase of 2.47 points (indicating a
poorer QOL) in the total OSA-18 score. However, this
difference was not statistically significant.

DISCUSSION

Quality of life is increasingly recognized as an important
health outcome measure in clinical medicine. It reflects
the World Health Organization’s definition of health as
“the state of complete physical, mental, and social well
being and not merely the absence of disease or infirmi-
ty.”28 The impact of OSA on QOL in children has been
largely underestimated. Findings of this meta-analysis
show that children with OSA have a poorer health status
than healthy children. When the CHQ was used to mea-

Table 3

Group 2 (short-term) studies: OSA-18 QOL change

values (preoperative minus postoperative scores)

OSA-18 domain
Change in score

(mean) P value

Total score 35.84 �0.001
Sleep disturbance 11.56 �0.001
Physical suffering 7.99 �0.001
Emotional distress 3.11 �0.001
Daytime problems 4.08 �0.001
Caregiver concerns 9.18 �0.001

OSA, obstructive sleep apnea; QOL, quality of life.

Figure 3 A graph showing the pooled group 2 studies’ mean CH
compared with children who had juvenile rheumatoid arthritis. Da
with OSA, whereas points on the positive x-axis indicate poorer
quality of life; JRA, juvenile rheumatoid arthritis.
sure global QOL in pediatric patients with OSA, these
children scored significantly lower than healthy children
in 8 of the 12 subscales. The greatest differences in QOL
scores between children with OSA and healthy children
(the effect size) were in the areas of general health
perception (P � 0.001) and emotional parental impact (P
� 0.001). Health status in children with OSA was similar
to that of children with JRA. Children with OSA actually
scored lower than children with JRA (indicating a poorer
QOL) in the CHQ subsets of parental impact-time and
parental impact-emotional (P � 0.05).

Group 1 of this meta-analysis included studies that have
each demonstrated various impairments in global QOL in
children with OSA. Rosen et al9 reported that OSA in
children was associated with lower CHQ scores in multiple
subsets. The QOL domains that were most affected were the
subsets related to physical health outcomes, specifically
bodily pain and physical functioning. Stewart et al7 and
Georgalas et al8 also used the CHQ to compare global QOL
in children with OSA and healthy children. In addition to
decreased scores in subsets related to physical health, these
authors also found that children with OSA had lower QOL
scores in domains that measured parental impact and family
activities. Furthermore, Stewart et al7 used the CHQ to
assess children with OSA, children with JRA, and children
with asthma. This study reported similarly decreased gen-
eral health perception scores for all three groups of children.
However, when compared with children with asthma or
JRA, children with OSA actually scored lower in the CHQ
subsets of behavior, role/social limitations, and parental
impact.

It is remarkable that children with OSA have a health
status comparable to children with chronic medical condi-
tions without a known cure. This finding highlights imper-
ative clinical questions: Why is OSA in children associated
with such profound decreases in QOL scores? Why do
children with adenotonsillar hypertrophy, a seemingly be-

L scores with 95% confidence intervals for children who had OSA
ts on the negative x-axis indicate poorer QOL scores in children
in children with JRA. CHQ, Child Health Questionnaire; QOL,
Q QO
ta poin
scores
nign condition, have such poor QOL? Clearly, the effect of
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OSA on global QOL in children requires further attention in
public health research initiatives.

The current study confirms that the impact of OSA ex-
tends beyond sleep to manifest itself in multiple aspects of
a child’s life including daytime functioning, behavior, and
family interactions. A complex relationship exists between
pediatric OSA, behavior, and QOL. Goldstein et al14 used
the Child Behavior Checklist (CBCL) to demonstrate that
children with OSA have a high prevalence of behavioral
problems, and that these difficulties improve after adeno-
tonsillectomy. QOL instruments like the CHQ and OSA-18
contain subsets of questions that focus on child behavior. In
fact, Goldstein et al14 reported good correlation between
preoperative OSA-18 QOL scores and CBCL scores in
children with OSA. A high prevalence of behavioral prob-
lems is one possible explanation for poor QOL scores in
these children. Another factor contributing to poor QOL
scores in children with OSA involves caregiver anxiety and
frustration. Two of the subsets on the CHQ and OSA-18 that
were significantly affected by the presence of OSA were
parental impact and caregiver concern, respectively. Care-
givers frequently report apprehension about their child’s
nighttime apneas and also express concern regarding their
child’s general health status and daytime behaviors.

The studies comprising groups 2 and 3 evaluated OSA-
18 QOL scores before and after adenotonsillectomy. The
total OSA-18 score improved by 35.8 points after surgical
intervention (P � 0.001). This meta-analysis demonstrates
that QOL in pediatric patients with OSA markedly improves
after adenotonsillectomy, particularly in the domains of
sleep disturbance, caregiver concerns, and physical suffer-
ing. Included in the current analysis is a prospective study
performed by Mitchell et al,12 who reported OSA-18 QOL
scores after adenotonsillectomy in 60 children with OSA

Figure 4 A graph showing pooled group 3 publications’ OSA-
with 95% confidence intervals in long-term follow-up. Data points
after adenotonsillectomy, whereas points on the positive x-axis
obstructive sleep apnea.
diagnosed on PSG. The domains that demonstrated the most
improvement after surgery were sleep disturbance and care-
giver concerns. Similarly, Sohn et al15 found that the great-
est improvements in QOL after surgical intervention were
evident in the domains of sleep disturbance, physical suf-
fering, and caregiver concerns.

Indications for adenotonsillectomy in children with OSA
have yet to be fully defined. Previous studies have shown
that most children with OSA who undergo adenotonsillec-
tomy experience resolution of the disorder, as documented
by postoperative PSG.29,30 Similarly, the current meta-anal-
ysis of the literature on pediatric OSA demonstrates a sig-
nificant improvement in QOL scores after surgical interven-
tion. The drastic improvement in health status after
adenotonsillectomy verifies the effectiveness of this proce-
dure in treating pediatric OSA. However, none of the stud-
ies included in this meta-analysis reported postoperative
PSG data. Therefore, we are unable to correlate changes in
QOL and sleep parameters after adenotonsillectomy. Future
studies must better examine the relationship between post-
operative PSG and QOL measurements.

Interestingly, there is little correlation between preoper-
ative RDI and QOL scores. Mitchell et al16 showed that
children with severe OSA as diagnosed by PSG did not
necessarily have poorer QOL than children with milder
forms of this disorder. One explanation for this finding is
that PSG and QOL instruments actually survey different
aspects of this disease entity. PSG evaluates a variety of
physiological parameters associated with sleep, whereas the
OSA-18 relies on a caregiver proxy to evaluate a child’s
symptoms and behavior. Caregivers may not observe their
child during rapid eye movement sleep and fail to note the
peak incidence of apnea that would otherwise be recorded
on PSG. The discrepancy between PSG and OSA-18 QOL
scores may also be attributed to the use of nap PSG instead

L mean change scores (preoperative minus postoperative values)
e negative x-axis indicate a decline in QOL in children with OSA
te an improvement in QOL scores. QOL, quality of life; OSA,
18 QO
on th

indica
of full-night PSG to validate the OSA-18. Future studies in
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children with OSA need to report both preoperative and
postoperative PSG results as well as QOL scores to more
objectively assess surgical outcomes.

To our knowledge, this is the first meta-analysis to ad-
dress QOL in children with OSA. Because much of the
literature on pediatric OSA features small sample sizes, one
of this study’s strengths is the analysis of a large patient
population that included individuals with diverse ethnic and
socioeconomic backgrounds. Another strength is the iden-
tification of strict inclusion and exclusion criteria that elim-
inated selection bias during the literature search. Finally, a
validated QOL instrument was used to assess children’s
health status and document improvement after surgical in-
tervention.

The limitations identified in this meta-analysis reflect the
shortcomings of the literature on pediatric OSA diagnosis
and treatment. The first such limitation involves the issue of
comorbidities. The majority of the studies that we reviewed
were undertaken at pediatric otolaryngology practices at
tertiary health care centers. These patients may have had
more severe symptoms or other significant comorbidities
that led to their referral to a specialty clinic. The findings
generated from such studies may not be representative of a
community-based population of otherwise healthy children
with OSA. For example, Rosen et al9 demonstrated that
asthma was a significant independent explanatory variable
in the relationship between SDB and low CHQ scores for
several subscales. It is possible, therefore, that health status
surveys may overestimate the impact of OSA on QOL.
Future research must feature better study designs in which
explicit inclusion and exclusion criteria are stated at the
outset of the endeavor. This improved methodology would
help distinguish the different forms of OSA that predomi-
nate in children with and without significant comorbidities.
Also, the two investigators in this meta-analysis did not use
prepared forms to assess articles and so did not allow for
resolution of possible discrepancies. A different method of
analyzing articles could further enhance future studies in
this field.

Another limitation that was encountered included a de-
ficiency in standardized diagnostic criteria for OSA. Only
four of the publications included in this study used full-
night PSG to diagnose OSA in their subject populations.
The remainder of the subjects were diagnosed according to
the clinician’s subjective assessment of symptoms and ad-
enotonsillar hypertrophy. Because of the limited number of
studies with preoperative PSG data, studies that used clin-
ical diagnosis for pediatric OSA were also included in this
meta-analysis. Interestingly enough, Flanary13 found that
the clinician’s assessment of symptoms and physical find-
ings were not predictive of improvement in QOL scores
after adenotonsillectomy.

Finally, there is a lack of randomized controlled trials in
the pediatric OSA literature. A likely explanation for this is
that the standard of care for children with OSA is adeno-

tonsillectomy. Only one of the studies included in our anal-
ysis featured a control group. Tran et al18 surveyed 42
children with OSA and 41 control children preoperatively
and postoperatively; they found that OSA-18 scores signif-
icantly improved in children with OSA after adenotonsil-
lectomy compared with controls. However, their study did
not feature a true control in that their control group was
composed of children with no history of snoring who were
undergoing unrelated elective surgery.18 Stewart et al24

used the Tonsil and Adenoid Health Status Instrument (a
disease-specific QOL survey) to assess 31 children with
OSA diagnosed by PSG. Although there was no intentional
randomization (adenotonsillectomy was recommended to
all caregivers), five of these children did not undergo sur-
gery during the study period. When the QOL scores be-
tween the surgical and observation groups were compared at
6-month follow-up, children who had undergone adenoton-
sillectomy had significant improvements in the domains of
airway, swallowing, and behavior compared with the obser-
vation group.

Because of the lack of controlled trials included in this
analysis, it was not possible to infer with certainty that
improvements in QOL in children with OSA are a direct
result of surgical intervention. We cannot exclude the pos-
sibility that there were improvements in the underlying
disorder as part of the natural history of the condition.
Improvement in QOL scores may also reflect the placebo
effect of surgical intervention. A more ideal study to deter-
mine the benefits of surgical therapy for children with OSA
would be a randomized control trial in which children with
OSA, as diagnosed by PSG, would be assigned to either a
surgical arm or an observation arm. Psychometric testing
and QOL surveys would be administered on enrollment in
the trial and then at 6-month follow-up.

Despite the discussed limitations, this meta-analysis
clearly demonstrates that OSA significantly impacts QOL in
children, and that there is sustainable improvement in QOL
after adenotonsillectomy.

CONCLUSION

OSA is a complex disease entity that has far-reaching ef-
fects on health-related QOL in children. The impact of OSA
extends beyond sleep parameters to affect children’s behav-
ior, daytime functioning, and family life. Great improve-
ments in QOL are evident after surgical intervention, and
these findings are maintained in the long-term. It is evident
that the limited use of objective diagnostic criteria for OSA
and lack of randomized controlled trials compromise the
current pediatric OSA literature. Consistent standards for
research on pediatric OSA are critical for new lines of
investigation. The high prevalence of OSA in children and
the significant impact this disease process has on their
overall well-being demands that OSA becomes a priority in

public health research initiatives.
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Appendix 1

Raw CHQ QOL scores

Publication

Mean CHQ
subscale

score OSA
subjects SD

Mean CHQ
subscale

score healthy
subjects SD

Mean CHQ
subscale

score JRA
subjects SD

Physical functioning
Stewart 20007 75.2 29.29 96.1 13.9 76.5 26.2
Rosen 20029 94.3 17.9 96.9 13.4 NA NA
Georgalas 20048 86 24.1 97.9 9.6 70.7 36.4

Role limitations-emotional
Stewart 20007 83 31.52 92.5 18.6 92 18.1
Rosen 20029 92.9 19.3 95.3 15.9 NA NA
Georgalas 20048 85.3 29.8 97.8 10 82.7 31.5

Role limitations-physical
Stewart 20007 81.7 33.74 93.6 18.6 87.2 21.1
Rosen 20029 97.7 14.3 97.7 11.3 NA NA
Georgalas 20048 87.8 26.6 97.2 11.9 81.5 31.3

Bodily pain
Stewart 20007 63.5 32.45 81.7 19 62.7 26.4
Rosen 20029 83.7 19.6 88 17.5 NA NA
Georgalas 20048 70 30.6 94.3 13.8 66 28.5

Behavior
Stewart 20007 59.1 21.69 75.6 16.7 78.1 13.4
Rosen 20029 73.9 19.4 76.7 17.2 NA NA
Georgalas 20048 67.5 20.6 74.3 17.5 64.7 27.1

Mental health
Stewart 20007 76.1 19.47 78.5 13.2 78.1 14.7
Rosen 20029 77.7 15.9 80 14.1 NA NA
Georgalas 20048 81.1 19.3 80.8 10.9 76.2 17.2

Self-esteem
Stewart 20007 77 27.25 79.8 17.5 80.4 16.5
Rosen 20029 82.7 17.4 82.6 17.9 NA NA
Georgalas 20048 80.3 19.8 78.6 14.9 75.8 20.7

General health perceptions
Stewart 20007 58.5 22.06 73 17.3 59.5 17.5
Rosen 20029 72 14.5 79.8 14 NA NA
Georgalas 20048 57.2 20.4 79.5 13.7 65.3 20.1

Family cohesion
Stewart 20007 78.4 19.47 72.3 21.6 NA NA
Rosen 20029 64.3 24.3 71.9 22.7 NA NA
Georgalas 20048 76 25.9 76.9 22 81.7 17.1

Parental impact-emotional
Stewart 20007 53.2 28.55 80.3 19.1 72 21.2
Rosen 20029 74.7 22.3 83.7 19.2 NA NA
Georgalas 20048 63.7 31.1 85.2 15.9 72.8 23.9

Parental impact-time
Stewart 20007 66.3 37.27 87.8 19.9 86.5 19.2
Rosen 20029 89.1 19.8 92.6 15.9 NA NA
Georgalas 20048 75.6 35 94.5 10.4 81.5 27.4

Family activities
Stewart 20007 62.5 30.41 89.7 18.6 NA NA
Rosen 20029 82.9 23.8 87.7 17.4 NA NA
Georgalas 20048 72.6 26.2 86.5 15.9 78.5 29.7

CHQ, Child Health Questionnaire; OSA, obstructive sleep apnea; JRA, juvenile rheumatoid arthritis; NA, not available.
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Appendix 2

Raw OSA-18 QOL scores 2

Publication

Preoperative
mean OSA-

18 score SD

Postoperative
mean OSA-

18 score SD
Mean OSA-18
change score 95% CI

OSA-18: total score
Mitchell 200417 76.7 17.9 32 11.7 44.7 NA
Flanary 200313 76 17.1 41.4 17.1 NA NA
Goldstein 200214 70.2 27 NA NA 41.4 34.2-48.6
Tran 200518 72 21.6 28.8 12.6 45 NA
Mitchell 200412 71.4 NA 35.8 NA 35.5 28.7-42.4
Sohn 200315 55.8 16.2 NA NA 30 23.8-34.0
Mitchell 200516 72.8 18.2 41 24 NA NA

OSA-18 domain: sleep
disturbance

Mitchell 200417 19.4 4.3 6.6 2.4 12.8 NA
Flanary 200313 20.2 5.5 7.4 4.9 NA NA
Goldstein 200214 17.2 7.6 NA NA 11.6 9.6-13.6
Tran 200518 20.8 5.6 5.6 2.4 15.6 NA
Mitchell 200412 18.4 NA 6.9 NA 11.5 9.6-13.4
Sohn 200315 14.8 5.6 NA NA 6.2 5.0-7.3
Mitchell 200516 18.7 6 8.4 6.2 NA NA

OSA-18 domain: physical
suffering

Mitchell 200417 17.3 5.4 7 3.1 10.3 NA
Flanary 200313 18.1 4.8 8.9 5.7 NA NA
Goldstein 200214 17.2 6.8 NA NA 9.6 8.0-11.6
Tran 200518 15.6 5.6 6 3.6 9.6 NA
Mitchell 200412 14.9 NA 8 NA 6.9 5.0-8.8
Sohn 200315 14 4 NA NA 5.2 4.0-6.2
Mitchell 200516 14.6 5.7 8.9 5 NA NA

OSA-18 domain: emotional
distress

Mitchell 200417 10.2 4.6 7 3.1 4.2 NA
Flanary 200313 9.6 5 6.2 4 NA NA
Goldstein 200214 11.1 6 NA NA 4.2 2.7-5.7
Tran 200518 9.6 5.4 6.3 4.2 3.6 NA
Mitchell 200412 10.7 NA 7.2 NA 3.5 2.2-4.8
Sohn 200315 7.8 4.8 NA NA 1.2 0.1-1.7
Mitchell 200516 11.5 5.3 8.4 4.9 NA NA

OSA-18 domain: daytime
problems

Mitchell 200417 10.2 4.6 5.2 2.7 5 NA
Flanary 200313 10.2 5.3 6.2 3.8 NA NA
Goldstein 200214 8.7 4.5 NA NA 8.1 6.6-9.6
Tran 200518 9.6 5.4 5.1 2.7 4.5 NA
Mitchell 200412 11 NA 6.4 NA 4.6 3.2-5.9
Sohn 200315 7.8 3.3 NA NA 2.6 1.8-3.3
Mitchell 200516 11.4 5.2 7.4 4.9 NA NA

OSA-18 domain: caregiver
concern

Mitchell 200417 18.6 5.3 7 4.3 11.5 NA
Flanary 200313 16.6 6.7 8 5.9 NA NA
Goldstein 200214 16.8 8 NA NA 10.8 7.6-10.8
Tran 200518 16.8 7.6 6.4 3.6 10.8 NA
Mitchell 200412 16.3 NA 7.3 NA 9 7.0-10.9
Sohn 200315 12.8 5.2 NA NA 4.7 3.6-5.8
Mitchell 200516 16.5 6.3 7.8 5.8 NA NA

OSA, obstructive sleep apnea; QOL, quality of life; CI, confidence interval; NA, not available.
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