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The prevalence of sleepiness and the risk of sleep-disordered breathing
in children with positive allergy test
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Background: We evaluated the prevalence of sleep-
disordered breathing (SDB) and sleepiness in children with
allergy and compared sleep-specific quality of life mea-
sures to those of children without allergy.

Methods: A prospective case-control study was done at
a tertiary care academic center. The parents of 21 pe-
diatric patients with positive environmental allergy test-
ing completed questionnaires including the Obstructive
Sleep Apnea-18 (OSA18), the Pediatric Sleep Questionnaire
(PSQ), and the Pediatric Daytime Sleepiness Scale (PDSS).
Comparisons were made to 113 children without allergy who
had undergone cochlear implantation (CI) who served as
controls.

Results: SDB was suggested in 19% of children with al-
lergy using the OSA18 and in 29% using the PSQ vs 6%
and 7% of controls (p = 0.029; p = 0.003), respectively.
In addition, daytime sleepiness was suggested in 45% to
48% of children with allergy using the PSQ and PDSS vs
17% to 25% of controls (p = 0.015; p = 0.025), respec-
tively. Patients with allergy had SDB and sleepiness scores

higher than population normal values: OSA-18 of 41.7 vs
34.0, PSQ-SDB of 0.25 vs 0.14, PSQ-Sleepy of 0.34 vs 0.15,
and PDSS of 14.2 vs 11.4. The difference between cases and
controls was significant for all measures of sleepiness and
SDB.

Conclusion: Children with allergy have higher SDB and
sleepiness scores than controls. This suggests that chil-
dren with allergic rhinitis are at increased risk for SDB and
screening should be considered in this population. In addi-
tion, studies with a larger sample size are important to fully
understand this relationship. C© 2011 ARS-AAOA, LLC.
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A llergy and sleep-disordered breathing (SDB) are both
common conditions of childhood. Allergic rhinitis

affects an estimated 20% of the U.S. population, and
snoring is estimated to occur in up to 30% of chil-
dren. SDB encompasses a range or problems including
primary snoring, upper-airway resistance syndrome, and
in the most severe form, obstructive sleep apnea (OSA).
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Primary snoring is snoring with the absence of apneas,
ventilation/oxygenation deficiencies, and daytime symp-
toms. Upper-airway resistance syndrome manifests with in-
creased airway resistance without apneas or desaturations,
leading to increased sleep disruption in the form of arousals
with daytime symptoms. The hallmarks of frank OSA can
include a combination of obstructive apnea, hypopnea, and
hypoxemia.

The estimates of the prevalence of OSA in children range
from 1% to 4%.1 Previous studies have examined whether
SDB is related to allergic rhinitis. Chng et al.2 found in their
survey of children in Singapore that habitual snoring was
associated with allergic rhinitis. McColley et al.3 showed
that children with habitual snoring and positive allergy test
are more likely to have OSA. One possible mechanism be-
hind this association is related to the hypothesis that al-
lergy can lead to lymphoid hypertrophy, increasing tonsil
and adenoid size, and therefore causes obstruction of the
upper airway; this airway obstruction may further manifest
as SDB.4
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The ability to identify risk factors for SDB and OSA in
children is of great clinical utility. This is particularly true
because a pediatric sleep study continues to be the gold
standard for diagnosis, despite the fact that pediatric sleep
studies may not be widely available in many areas of the
United States. Based on previous studies, it appears that
allergy may be a risk factor for SDB. Therefore, we hy-
pothesize that children with allergy are more likely to ex-
hibit symptoms of SDB, and to suffer poorer disease-specific
quality of life than children without allergy.

The purpose of our study is to examine children with
skin-prick test–positive allergic rhinitis in comparison to
a control group without allergy, and evaluate the effects
of allergy on disease-specific quality of life measures of
sleep and SDB using validated questionnaires, the Pediatric
Sleep Questionnaire (PSQ),5 the OSA-18 Quality of Life
Survey (OSA-18),6 and the Pediatric Daytime Sleepiness
Scale (PDSS).7 The PSQ is a 5-question multiple-choice–
format instrument shown to identify SDB symptoms in
a clinical research setting; the OSA-18 is an 18-question
disease-specific quality of life survey, and the PDSS in an
8-item scale of sleepiness in children.

Patients and methods
After institutional review board approval was obtained for
this study, subjects were recruited from the Johns Hop-
kins Otolaryngology clinics. Pediatric patients, aged 0 to 18
years, who had undergone environmental allergy skin-prick
testing or in vitro allergy testing were eligible, and sub-
jects/caregivers were asked to complete the PSQ, PDSS, and
OSA18. Questionnaires were administered at the time of
clinic visit/allergy testing or sent to the subject/caregiver to
complete after the visit (if the questionnaires were not com-
pleted while at the clinic). Non–English-speaking, hearing-
impaired, or language-impaired subjects were not eligible
for this study. Patients with cystic fibrosis, ciliary disor-
ders, craniofacial abnormalities, neuromuscular disease, or
known immunodeficiency were excluded from this study.
Control subjects included children with no history of al-
lergic rhinitis (by parental report) who had undergone
cochlear implantation (CI).

Subjects were considered allergic based on positive results
on either skin-prick or in vitro testing (radioallergosorbent
test [RAST]). Subjects were considered to be allergic based
on in vitro testing of Class II sensitivity or greater. For this
study skin-prick testing was considered positive when the
resulting wheal was greater than or equal to 3 mm when
compared to negative controls after 15 minutes. Controls
used for skin-prick testing included glycerin (negative) and
histamine (positive). Subjects were tested with a battery of
14 to 30 allergens selected to reflect local, endemic allergens
specific to the geographic site of the study.

Sleep questionnaires
A score of 60 or greater was considered suggestive of SDB
on the OSA18 because validation studies have shown that

scores over 60 correlate with moderate to severe OSA.6 The
PSQ can be divided into a number of subscales; in this study
we evaluated the sleepiness and SDB subscales separately.5

Scores greater than 0.33 are considered suggestive of sleepi-
ness and SDB, respectively. A score greater than 15 on the
PDSS is suggestive of sleepiness in children.7

Statistical analysis
Standard statistical analysis, including descriptive statistics
and the Mann-Whitney U test, was used to evaluate out-
come instrument score differences between the allergy pa-
tients evaluated and normal values derived from a cohort
of 113 patients who had previously undergone CI (Graph
Pad Instat, GraphPad Software, San Diego, CA). Values of
p <0.05 were used to determine significance throughout
the analysis.

Results
Overall, 21 patients with allergy were evaluated and com-
pared to 113 children who had previously undergone CI
who served as controls. Demographic information is found
in Table 1.

SDB
SDB was suggested in 19% (4/21) of children with allergy
by the OSA18, but in only 6% of the children having un-
dergone CI (p = 0.029). In addition, the PSQ-SDB score
suggested SDB in 29% (6/21) of the allergy patients vs 7%
of the children having undergone CI (p = 0.003). Patients
with allergy had SDB and sleepiness scores higher than
population normal values and controls: OSA-18 of 41.7 vs
34.0, PSQ-SDB of 0.25 vs 0.14 (Table 2). The difference
between cases and controls was significant for all measures
of sleepiness and SDB (Fig. 1).

Sleepiness
Daytime sleepiness was suggested in 48% of children us-
ing the PSQ-sleepiness scale vs 17% of children hav-
ing undergone CI (p = 0.015). Additionally, sleepiness

TABLE 1. Baseline demographics

Allergy patients (n =
21)

Control patients (n =
113) p

Sex, n (%) 0.116

Male 14 (67.7) 53 (46.9)

Female 7 (33.3) 60 (53.1)

Race, n (%) 0.299

White 13 (61.9) 83 (73.4)

Black 4 (19.0) 13 (11.5)

Other 4 (19.0) 17 (15.0)

Age, mean (SD) 9.45 (4.43) 9.95 (4.69) 0.741

SD = standard deviation.
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FIGURE 1. Sleepiness and SDB in children with allergy vs controls. SDB =
sleep-disordered breathing.

screening using the PDSS found that 45% of allergy pa-
tients are sleepy vs 25% of controls (p = 0.025). Patients
with allergy had sleepiness scores significantly higher than
controls and population normal values (Table 2).

Discussion
Allergy and SDB are common childhood illnesses in the
United States, and a vast number of resources are used for
their diagnosis and treatment. Allergic rhinitis occurs in ap-
proximately 7% of the pediatric population.89 OSA affects
approximately 2% to 4% of children and, left untreated,
can result in serious behavioral and health problems, such
as poor school performance, hyperactivity, hypertension,
arrhythmias, cor pulmonale, and failure to thrive.10,11 In
addition, snoring alone has been associated with noctur-
nal blood pressure elevation and decreased neurocognitive
issues.12,13 Given the significant health consequences of un-
treated SDB, it is important to identify risk factors for and
symptoms of OSA and SDB. This study was designed to
examine the association between allergic rhinitis and SDB
using validated questionnaires.

Previous work has focused on uncovering the link be-
tween allergic rhinitis and sleep disorders, especially SDB.
Chng et al.2 sought to identify both the prevalence and
risk factors of snoring in a pediatric population. This large,
questionnaire-based study of over 11,000 Asian schoolchil-
dren found snoring in 28.1% and habitual snoring in 6.0%.
On multivariate logistic regression analysis, habitual snor-
ing was found to be significantly associated with obesity,
allergic rhinitis, atopic dermatitis, maternal smoking, and
breastfeeding. However, atopy was the risk factor most
strongly associated with habitual snoring. Another study
of Asian schoolchildren by Anuntaseree et al.14 examined
a sample of 1142 first-grade schoolchildren at randomly

selected schools in Southern Thailand. In that study, 8.5%
were found to be habitual snorers, and there was a sig-
nificant association between snoring and allergic rhinitis.
A subsequent study by Kalra et al.15 of habitual snorers
under the age of 1 year also found a significant associa-
tion between positive atopic status and habitual snoring.
Taking this theory further, McColley et al.3 performed a
prospective study of 39 children with habitual snoring re-
ferred for polysomnography. In vitro allergy testing studies
were performed on patients prior to the administration of
polysomnographic tests. In this study, 36% of the patients
had sensitivity to allergens, which is higher than expected
for the general pediatric population. The frequency of OSA
was significantly increased in those patients with positive
RASTs compared to those with negative tests.3 The au-
thors concluded that patients with OSA who have features
of allergic disease should be assessed for allergy.

There are several theories on the pathophysiologic link
between allergic rhinitis and SDB. One possible mechanism
for the relationship between allergic rhinitis and SDB is that
allergies may stimulate adenotonsillar hypertrophy. Mod-
ryznski and Zawisza16 studied adenoid hypertrophy in chil-
dren with atopy (n = 436) with any or all of the following:
allergic rhinitis, asthma, and atopic dermatitis. In compari-
son to controls (n = 229), the children with allergic rhinitis
were found to have significantly increased the probability
of adenoid hypertrophy. In the allergic group with adenoid
hypertrophy, the most common allergens were to pollen
and molds. Further study by Huang and Giannoni17 also
found a significantly higher prevalence of positive reactiv-
ity to mold in those subjects with allergy and with adenoid
hypertrophy.

Another hypothesis concerning the relationship between
allergic rhinitis and SDB is that increased nasal resistance,
resulting from allergic rhinitis, contributes to the forma-
tion of upper airway obstruction. Prior studies have shown
nasal congestion to be an independent risk factor for SDB,
as detailed in a review and analysis of the literature on
this topic18; the authors of that review concluded that SDB
can both result from and be worsened by nasal obstruc-
tion. Persistent mouth-breathing in childhood can lead to
the classic “adenoid facies,” with elongation of the mid-
face and retrognathia.19 These changes in facial growth
may potentially further predispose children with increased
nasal resistance to SDB. In addition, insomnia has been
associated with allergic rhinitis20; however, no questions
specific to insomnia were investigated in this study.

The current study demonstrates that children with aller-
gic rhinitis are at an increased risk of SDB when compared
to those without allergic rhinitis. This suggests that a high
degree of suspicion for SDB should be applied to children
with allergic rhinitis, and that these children with allergy
and features of disruptive sleep or snoring should undergo
further evaluation for OSA.

Limitations in this study include the small sample size,
as the parents of only 21 pediatric patients with posi-
tive skin-prick allergy testing submitted the validated sleep
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TABLE 2. Individual sleep screening questionnaire results for allergic patients∗

PSQ

Patient ID Age Sex Race OSA18 Snore Behavior SDB Sleepy PDSS

1 10.7 F A 18 0.00 0.33 0.09 0.00 9

2 17.9 M W 19 0.00 0.00 0.00 0.00 12

3 12.1 M W 23 0.50 0.50 0.32 0.25 14

4 4.8 M W 24 0.00 0.00 0.00 0.00 5

5 6.2 F W 25 0.00 0.17 0.05 0.00 10

6 5.3 M W 33 0.00 0.33 0.14 0.25 16

7 4.8 M O 34 0.25 0.00 0.23 0.50 NR

8 5.4 M W 42 0.00 0.50 0.32 0.75 16

9 6.2 M B 46 0.25 0.17 0.18 0.25 19

10 8.8 F W 47 0.50 0.33 0.27 0.00 11

11 15.3 F W 47 0.00 0.67 0.36 0.75 17

12 9.3 M B 48 0.75 0.33 0.41 0.50 18

13 11.6 F W 53 0.00 0.00 0.18 0.50 NR

14 13.2 M W 54 0.25 0.83 0.50 0.75 21

15 5.8 M W 59 1.00 1.00 0.73 0.75 17

16 14.9 M W 83 1.00 0.67 0.73 0.50 24

17 9.3 M B 48 0.75 0.33 0.41 0.50 18

18 13.2 M W 54 0.25 0.83 0.50 0.75 22

19 9.5 M B 60 0.75 0.33 0.55 0.75 28

20 5.8 M W 59 1.00 1.00 0.73 0.75 14

21 14.9 M W 83 1.00 0.67 0.73 0.50 25

Mean 9.5 41.7 0.21 0.30 0.25 0.34 14.2

SD 4.3 18.7 0.35 0.29 0.21 0.32 7.0

Criteria ≥60 >0.33 >0.33 >0.33 >0.33 >15

Positive 19% 29% 29% 29% 48% 45%

Control mean 34.04 0.06 0.25 0.14 0.15 11.35

A = Asian; B = Black; F = female; M = male; NR =; O = other; OSA18 = Obstructive Sleep Apnea-18; PDSS = Pediatric Daytime Sleepiness Scale; PSQ = Pediatric Sleep
Questionnaire; SD = standard deviation; SDB = sleep-disordered breathing; W = White.

questionnaires. In addition, all pediatric questionnaire-
based studies are limited by the fact that caregivers, not the
patients themselves, complete the evaluations. In addition,
data on height, weight, and oral-nasopharyngeal examina-
tion were not captured. While control patients were nega-
tive for allergic symptoms by report, they did not undergo
formal allergy testing for confirmation. However, the pres-
ence of allergies in this population would actually minimize
the difference between populations and would therefore be
expected to decrease the likelihood of significantly different
findings between groups. Ideally, further studies will have
larger sample sizes and include patients from multiple in-
stitutions. In addition, measurement of sleep disorders, and
specifically SDB, would ideally be carried out with confir-
mation by polysomnography and completion of sleep ques-
tionnaires specifically designed to evaluate disorders such

as insomnia. Despite these limitations, the data presented
here do support the hypothesis that there is a relationship
between AR and SDB.

Conclusion
Children testing positive for allergy have significantly
higher SDB and sleepiness scores when compared to con-
trols. These findings support the hypothesis that children
with allergy determined by skin-prick testing are more
likely to have SDB. Given the increased risk of SDB in
these children, screening should be considered in patients
with atopy and patients with allergic rhinitis. In addition,
further study is recommended to better understand the link
between allergic rhinitis and SDB.
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