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Airway Resistance and Allergic Sensitization in Children
With Obstructive Sleep Apnea Hypopnea Syndrome

Jie Zhang, mp,'* Jing Zhao, mp,' Min Chen, mp," Shilin Liu, mp,' Xuexi Zhang, mp,’
Fengzhen Zhang, mp,' Yamei Zhang, mp,' Hui Chen, php,? and Xin Ni, mp'*

Summary. Objective: The purpose of this study was to determine the airway resistance in
Chinese children with obstructive sleep apnea hypopnea syndrome (OSAHS) by impulse
oscilloetry (I0S) and investigate the association of the severity of OSAHS with the airway
resistance and allergic sensitization. Method: A total of 120 children (92 boys) treated for snoringin
Beijing Children’s Hospital between October 2010 and March 2011 were included in this study.
Ninety-three children were diagnosed with OSAHS and 27 did not show OSAHS. Total airway
resistance (R5), proximal airway resistance (R20), and peripheral airway resistance (X5) were
determined by I0S. Serum levels of total IgE and allergen-specific IgE (sIgE) were also
determined. Results: R5 in the OSAHS group was significantly higher than that in the non-OSAHS
group (P=0.0025), whereas R20 and X5 were similar in the two groups. R5 was positively
correlated with apnea hypopnea index and obstructive apnea index and negatively correlated with
the lowest arterial oxygen saturation significantly (all P < 0.05). The percentage of children with
abnormal serum levels of total IgE or abnormal allergen-specific IgEs was comparable in OSAHS
and non-OSAHS groups. The proportions of abnormal R5 and of abnormal serum levels of total
IgE were significantly higher in children with severe OSAHS compared with children with mild or
moderate OSAHS (all P < 0.05). Conclusions: Total airway resistance was significantly increased
in Children with OSAHS. Allergic sensitization might contribute to the exacerbation of existing
OSAHS in children. Large scale studies are required to further validate these findings. Pediatr
Pulmonol. © 2015 Wiley Periodicals, Inc.
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INTRODUCTION

Obstructive sleep apnea hypopnea syndrome
(OSAHS), a common sleep-related breathing disorder
in adult, is increasingly recognized in children recently. It
has been reported that the incidence of OSAHS in
children aged 2—-8 years is 2-3.5% in western countries.'?
In China, as the economic situation improves substantial-
ly for the past 3 decades, childhood OSAHS is becoming
increasingly prevalent possibly owing to an increased
population of obese children.® In 2004, a survey on
sleeping disorder in children aged 2—12 years in eight
cities of China revealed that the prevalence of sleeping
disorder was 27.1%, and 5.7% and 0.4% of the children
participating in the survey suffered from snoring and sleep
apnea, respectively.3

Adenotonsillar hypertrophy has been shown to con-
tribute to the development of childhood OSAHS, and
adenotonsillectomy is commonly practiced to relieve
OSAHS in children.*” In addition to adenotonsillar
hypertrophy, allergic rhinitis, which often causes nasal
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mucosal swelling, increases the risk of OSAHS in
children by increasing upper airway resistance.*’ Cao
et al. compared the airway resistance in adult patients with
OSAHS versus health controls and found that the airway
resistance in OSAHS patients was significantly higher
than that in healthy controls.® However, the association
between airway resistance and OSAHS in children
remains unknown. Impulse oscillometry (IOS) is a
computer-supported method for the measurement of
both small and large airway resistance. In this method, a
noninvasive superimposition of pressure fluctuations is
applied on the airway of the subject’s normal, quiet, tidal
breathing. This method is convenient, noninvasive, and
minimally dependent on patient cooperation. IOS has
been tested to evaluate the clinical outcomes in patients
with chronic obstructive pulmonary disease (COPD) and
to diagnose COPD and asthma in both adults and
children.”™"* The purpose of this study was to determine
the airway resistance in children with snoring by 10S and
to investigate the association of the severity of OSAHS
with airway resistance and allergic sensitization. The
status of airway resistance and allergic sensitization in
children with OSAHS might be used as indicators to
evaluate the severity of OSAHS so to facilitate early
intervention.

MATERIALS AND METHODS
Patients

The study protocol was approved by the Institutional
Ethics Committee for Research of Beijing Children’s
Hospital. Patients’ parents signed the informed consent
form. In this retrospective study, a total of 120 children
treated for snoring in our hospital between October 2010
and March 2011 were included in this study. All the
children met the following criteria: (1) aged between
3 and 14 years, (2) with obvious symptoms of snoring.
Children with facial deformity, Down syndrome, and
Crouzon syndrome were excluded. The diagnosis of
OSAHS was based on the 2009 guidelines of Chinese
Medical Association for childhood OSAHS, which is
consistent with the International Classification of Sleep
Disorders-Third Edition."> All the children were evaluat-
ed for allergic rhinitis according to the Allergic Rhinitis
and its Impact on Asthma (ARIA) guidelines for
symptoms and clinical diagnosis of allergic rhinitis.'®
All the children had adenotonsillar hypertrophy.

Sleep Index Assessment by Polysomnography
(PSG)

All the children underwent at least one standard
overnight in-lab PSG (Compumedics E-series, Compu-
medics Inc, Abbotsford, Australia) provided by trained
and certified pediatric sleep technicians. Children
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accompanied with one parent were monitored for up
to 8hr in a dedicated observation room. Four-channel
electroencephalogram (C3, C4, Ol, and 0O2) with
bilateral central and occipital leads, electrooculogram,
submental electromyogram, lectrocardiogram, and body
position were recorded. Respiratory variables included
thoracic and abdominal wall movement, nasal airflow,
and oxygen saturation were also measured. An
obstructive hypopnea was defined as a > 50% reduction
in the amplitude of the airflow signal with persistent
respiratory effort. It was only quantified if it was longer
than two baseline breaths and was associated with
oxygen desaturation of >3% and/or arousals. Apnea
hypopnea index (AHI) was defined as the total number
of obstructive apneas, mixed apneas, and obstructive
hypopneas per hour of total sleep time (TST).
Obstructive apnea index (OAI) was defined as the
number of obstructive apneas and mixed apneas per
hour of TST. The oxygen desaturation index was defined
as the number of oxyhemoglobin desaturation
events > 3% from baseline per hour of TST. Children
diagnosed with OSAHS were divided into mild,
moderate, and severe OSAHS subgroups according to
AHI value. Mild OSAHS was defined as 1 <AHI<5
episodes/hr and OAI > 1; moderate OSAHS was 5 <
AHI <20 episodes/hr; severe OSAHS was AHI > 20
episodes/hr.

Impulse Oscillometry

Impulse oscillometry was performed to evaluate airway
resistance of the patients (I0S, Jaeger Viasys, Healthcare
GmbH Company, Germany). The following IOS parameters
were recorded: airway resistance at 5 Hz (R5) and 20 Hz
(R20) representing total and proximal airway resistance. RS
and R20 with values <150% of the expected values were
considered normal. For healthy people, R5 and R20 values
are very similar. The reactance at 5 Hz (XS5) representing
peripheral airway abnormalities was also recorded. Normal
X5 was defined as the difference between the expected and
the actual value is <0.2kPa / (L e s).

Measurement of Serum Levels of Total IgE and
Allergen-Specific IgE (slgE)

Serum levels of total IgE and sIgE were determined
using a sensitive screen and quantitative allergen detection
system (Allergy Screen, Mediwiss Analytic GmbH,
Germany). A total of 15 environment allergens were
tested, including dust mites, dusts, short ragweed,
artemisia, humulus, cat and dog hairs, cockroaches, mixed
molds (Penicilliumnotatum, Alternaria, Branching neu-
rospora, and Aspergillusfumigatus), and mixed tree
pollens (oak, elm, Chinese parasol tree, willow, cotton-
wood). sIgE >0.35Iu/ml is considered allergen positive
and total IgE >100 Iu/ml is considered abnormal.



Statistical Analysis

Continuous variables are presented as mean = standard
deviation (SD). Categorical variables are presented as
number or percentage. Data were analyzed using the
statistical analysis software SPSS17.0. Comparison
between two groups was analyzed by student’s z-test.
Bonferroni correction was used for multiple comparisons.
Correlations among variables were examined by X2 test.
P value was 2-sided, and P <0.05 was considered
statistically significant.

RESULTS

Total Airway Resistance Was Significantly Higher
in the OSAHS Group Than in the Non-OSAHS
Group

In the 120 children, 93 (77 boys and 16 girls) were
diagnosed with OSAHS; 27 (15 boys and 12 girls) were
not. The median age was 5 years for both OSAHS and
non-OSAHS groups. The non-OSAHS group was
considered as the primary snoring group of this study.
The clinical characteristics including age, BMI z-scores,
and proportion of children with allergic rhinitis were
comparable in the two groups (Table 1). The proportion of
children exhibiting abnormal serum levels of total IgE or
sIgE was not significantly different between the two
groups (Table 1), suggesting that allergic responses to
environmental allergens might not contribute to the

TABLE 1— Clinical Characteristics
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development of OSAHS. The total airway resistance (R5)
in children with OSAHS was significantly higher
compared with that in the primary snoring group
(P=0.0025, Table 1), whereas proximal (R20) and
peripheral (X5) airway resistances were similar in the two
groups. The children with OSAHS showed significantly
higher AHI and OAI and lower LSaO, than the primary
snoring group (all P <0.001, Table 1). Total airway
resistance (RS5) was positively correlated with AHI
(P <0.001) and OAI (P <0.004) significantly, whereas
it was negatively associated with LSaO, significantly
(P <0.001, Table 2).

The Proportions of Abnormal R5 and of Abnormal
Serum Levels of Total IgE Were Significantly
Associated With the Severity of OSAHS

In this patient cohort, there were 53 cases of mild
OSAHS, 29 moderate OSAHS, and 11 severe OSAHS.
The proportion of children with abnormal total airway
resistance (R5) was correlated with the severity of
OSAHS significantly (P=0.001, Table 3). Of the
children with severe OSAHS (n=11), eight (72.7%)
showed abnormal R5 value. In contrast, 18.9% of mild
and 44.8% of moderate OSAHS exhibited abnormal RS.
Both R20 and X5 were not associated with the severity of
OSAHS (Table 3). In addition, significantly higher
proportion of children with severe OSAHS had abnormal
serum levels of total IgE compared with children with

OSAHS Primary snoring
n=93 n=27 P value

Age (year), mean & SD (range) 5.2 £ 19 (3.0-11.0) 5.7 £ 2.3 (3.0-12.5) 0.213
Sex, n (%)

Male 77 (82.8) 15 (55.6) 0.03

Female 16 (17.2) 12 (44.4) 0.003
BMI z-score, mean &+ SD (range) 0.8 £ 1.7 (—4.7 to 4.9) 05+ 13 (-1.6t027) 0.398
Allergic rhinitis n (%) 79 (85.0) 22 (81.5) 0.893
Allergic sensitization, number of cases with abnormal values (%)

Total IgE 37 (39.8) 13 (48.1) 0.438

sIgE 33 (35.5) 9 (33.3) 0.837

Mixed mold 30 (32.2) 10 (37.0) 0.643

House dusts 8 (8.6) 3 (11.1) 0.985

Mixed tree pollens 5(.4) 1 3.7 1.000

Single allergen positive 24 (25.8) 7(25.9) 0.990

Multiple allergen positive 9 (9.7 2 (7.4) 1.000
10S parameters (kPa/L/s), mean £ SD

Total airway resistance (RS5) 105.5 +24.2 93.1 + 15.8 0.0025*

Proximal airway resistance (R20) 96.4 + 24.9 919 + 2222 0.395

Peripheral airway resistance (X5) 834 + 274 77.1 £ 20.5 0.274
PSG variables

AHI 13.1 £ 142 23 4+20 <0.001

OAI 7.2 +£10.5 0.80 £ 0.2 <0.001

LSa02 81.5 £ 11.1 934 £ 1.5 <0.001

I0S, impulse oscillometry; OSAHS, obstructive sleep apnea hypopnea syndrome; PSG, polysomnography; AHI, apnea-hypopnea index; OAI,
obstructive apnea index; LSaO2, the lowest arterial oxygen saturation. Values were compared by Student’s 7-test. *represents significantly different

between primary snoring versus OSHAS group, P < 0.05.
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TABLE 2—Correlation Between PSG Variables and 10S
Parameters

R5 R20 X5
r/P value
AHI 0.348/<0.001 0.061/0.509 0.088/0.339
OAI 0.258/0.004 —0.027/0.773 0,092/0.317
LSa02 —0.331/<0.001 —0.093/0.374 0.028/0.792

AHI, apnea hypopnea index; OAI, obstructive apnea index; LsaO,,
lowest arterial oxygen saturation. The correlation between IO0S
parameters and the PSG variables were analyzed by calculating the
Pearson product-moment correlation coefficient (r).

mild or moderate OSAHS (72.7% vs. 30.2% and 44.8%,
P =0.026, Table 3), whereas the proportion of children
with abnormal serum levels of sIgE was not significantly
different among children with different severity of
OSAHS (P >0.05, Table 3). These results indicated
that allergic sensitization might affect the exacerbation of
childhood OSAHS.

DISCUSSION

Compared with other approach to estimate airway
resistance, I0S appears to be more convenient, less
invasive, and less dependent on patient cooperation.”™"*
Thus, IOS may be easily to be employed on children. In
this report, we used IOS to measure airway resistance and
found that the total airway resistance (R5) in children with
OSAHS was significantly increased compared with that in
the children without OSAHS, whereas the proximal (R20)
and peripheral (X5) airway resistances were similar
between the two groups. These findings are similar to the
results from studies on adult patients with OSAHS. Cao

TABLE 3— Correlation Between Severity of OSAHS and the
Proportions of Abnormal Airway Resistance and Abnormal
Allergic Sensitization

Mild
n=>53

Severe P
n=11 value

Moderate
n=29

Number of cases with abnormal values (%)

10S parameters

Total airway 10 (18.9) 13 (44.8) 8 (72.7) 0.001
resistance (R5)

Proximal airway 10 (18.9) 6 (20.7) 2 (18.2) 0.975
resistance (R20)

Peripheral airway 0 (0) 2 (6.9) 0 (0) 0.096
resistance (X5)

Allergic sensitization

Total IgE 16 (30.2) 13 (44.8) 8 (72.7) 0.026*
sIgE 24 (45.3) 16(55.2) 5(454) 0.678

OSAHS, obstructive sleep apnea hypopnea syndrome. Data were
analyzed by Pearson’s Chi-squared test. *indicates significant different,
P <0.05.
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et al. demonstrated that the IOS parameter RS, R10, R15,
R20, and R25 were significantly higher in adults patients
with severe OSAHS than in healthy adults without
OSAHS, suggesting that both total airway resistance and
proximal airway resistance are increased in adult patients
with severe OSAHS compared with healthy controls.® In
this study, we also found that total airway resistance (R5)
was significantly correlated with AHI, OAI, and LSaO, in
our patient cohort, indicating that IOS parameter RS
might reflect the severity of OSAHS. Thus, IOS could be
used as a method in addition to PSG to diagnose and
evaluate OSAHS in children. Although IOS shows
obvious advantages over PSG for children in term of
convenience and requirement of only passive patient
cooperation, whether it can replace PSG as a diagnostic
approach remains to be determined by further studies.

Allergic rhinitis often causes nasal mucosal swelling,
leading to nasal obstruction and an increase in nasal
resistance. In our patient cohort, more than 80% of the
children presented allergic rhinitis. Nasal obstruction is
thought to contribute substantially to airway resistance
and the development of OSAHS. Zang et al. compared the
pharyngeal aerodynamic characteristics of patients with
OSAHS versus healthy people and found that patient with
OSAHS had a greater negative pressure in the pharyngeal
cavity compared with healthy people, indicating that
nasal airway resistance might play a key role in OSAHS
development.'” Staevska et al. also showed that nasal
resistance was an independent predicative factor for
OSAHS in non-obese patients.18 Thus, alleviation of
nasal obstruction could effectively relieve OSAHS. In a
prospective multicenter randomized clinical trial, Kryger
et al. found that a nasal expiratory positive airway
pressure device significantly reduced AHI and improved
the quality of sleep in patients with OSAHS."

Studies investigating the association between allergic
rhinitis and OSAHS suggest that allergic rhinitis might
affect the progression of existing OSAHS but might not be
a risk factor for OSAHS.>*** In a study including 119
adult patients presenting typical symptoms of OSAHS,
Kramer et al. found that allergic rhinitis was not a
significant risk factor for OSAHS.** Contrarily, in a
systematic review, Ng et al. suggested that allergic rhinitis
could increase the risk of OSAHS in children because it
induces nasal obstruction, enlarges tonsils and adenoids,
and consequently increases upper airway resistance.”
Allergic rhinitis might affect the development and
progression of OSAHS not only by causing nasal
obstruction but also by inducing inflammation in the
respiratory tract system, including pharynx, larynx, and
trachea, resulting in an increased in airway resistance.”*
In fact, topical corticosteroid therapy is emerging as a
promising therapy to relieve OSAHS, further indicating
that inflammation associated with allergic reactions might
contribute to the exacerbation of OSAHS.'? In this study,



we found that the proportion of children with abnormal
allergic sensitization was similar in the OSAHS versus
non-OSAHS group; however, the proportion of abnormal
serum levels total IgE was significantly correlated with
the severity of OSAHS. These findings further suggest
that allergic rhinitis might not directly cause OSAHS, but
might lead to the exacerbation of existing OSAHS in
children. Thus, to properly manage OSAHS in children,
allergic rhinitis should not be overlooked. In addition to
the common therapies such as adenotonsillectomy and
continuous positive airway pressure, sufficient manage-
ment of allergic rhinitis might effectively prevent the
exacerbation of OSAHS in children.

There are limitations in this study. Because this was a
retrospective study, it was difficult to deduce causal
relationship between total airway resistance and the
development of OSAHS. The number of children in the
primary snoring group was small. The children in the primary
snoring group also presented symptoms of snoring. Healthy
non-snoring children would be the ideal controls to
characterize the IOS parameters in children with OSAHS.
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