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ÖZET
Obstrüktif uyku apne sendromu tanılı hastalarda bronş hiperreaktivitesi
Giriş: Obstrüktif uyku apne sendromu (OUAS) ve bronş hiperreaktivitesi (BHR) arasındaki ilişki iyi bilinmemektedir. Bu
çalışmada, OUAS’lı hastalarda hastalığın şiddeti ve BHR arasındaki ilişkiyi araştırdık.
Materyal ve Metod: Bu çalışmaya polisomnografileriyle OUAS tanısı alan 47 (37’si erkek, 10’u kadın) hasta alındı. Histamin provokasyon testi yapıldı ve beden kitle indeksi (BKİ, kg/m2) hesaplandı. BHR’nin varlığı bronş provokasyon test
(BPT) pozitifliği (PD değerleri ≤ 16 mg/mL) olarak tanımlandı. Hastalar Epworth uyku skalası (EUS) ile sorgulandı.
Bulgular: Kırk yedi hastanın 21’inde histamin provokasyon testi pozitifti. BHR’li hastalarda PD 20 değeri ile apne-hipopne indeksi (AHİ) (r= -0.47, p= 0.03), BKİ (r= -0.45, p= 0.03) ve EUS skoru (r= -0.45, p= 0.03) arasında negatif ilişki vardı.
Bununla birlikte, BHR’li hastalarda (21 hasta) AHİ (p= 0.03), BKİ (p= 0.02), EUS skoru (p= 0.03) BHR’ye sahip olmayan
hastalardan (26 hasta) daha yüksekti. Multipl regresyon analizinde yaş ve cinsiyetten bağımsız olarak PD değeri ve AHİ
(β= -0.45, p= 0.03) arasında negatif ilişki bulundu ve BHR’nin varlığı ile AHİ (p= 0.04) ve BKİ (p= 0.03) arasında pozitif
ilişki bulundu.
Sonuç: OUAS’lı hastalarda BHR yaygındır. OUAS’ın şiddeti arttıkça BHR’nin şiddeti artar. Bununla birlikte, obezite OUAS’lı hastalarda BHR’nin varlığını tetikleyebilir.
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Introduction: The relationship between obstructive sleep apnea syndrome (OSAS) and bronchial hyperresponsiveness
(BHR) is not well known. In this study, we investigated the association between BHR and disease severity in patients with
OSAS.
Materials and Methods: Fourty seven (37 male/10 female) OSAS patients admitted with polysomnography enrolled to the
study. Histamine bronchial challenge test was performed and body mass index (BMI, kg/m2) was calculated. Presence of
BHR was diagnosed as positivity of bronchial provocative test (BPT) (PD values ≤ 16 mg/mL). Patients were questioned
with Epworth sleepiness scale (ESS).
Results: Histamine bronchial challenge test was positive in 21 of 47 patients. There were significant negative correlations
between PD 20 value and AHI (r= -0.47, p= 0.03), BMI (r= -0.45, p= 0.03), and ESS score (r= -0.45, p= 0.03) in the patients
with BHR. In addition, AHI (p= 0.03), BMI (p= 0.02), ESS scores (p= 0.03) were higher in patients with BHR (21 patients)
than in patients not having BHR (26 patients). Significant negative relation was found between PD 20 value and AHI (β=0.45, p= 0.03) and significant positive relation was found between presence of BHR and AHI (p= 0.04), BMI (p= 0.03) independently of age and sex in multiple regression analysis.
Conclusion: BHR is common in patients with OSAS. As severity of OSAS increased, severity of BHR increased. In addition, obesity may trigger presence of BHR in patients with OSAS.

Key Words: Obstructive sleep apnea syndrome, bronchial hyperresponsiveness, obesity.
Tuberk Toraks 2013; 61(3): 221-226 • doi: 10.5578/tt.5791

sed with OSAS based upon polysomnography results. Informed consent was taken from all patients in the beginning of the study and the study was approved by the local ethical committee. Asthma, bronchiectasis, chronic
obstructive pulmonary disease, active smokers, severe
systemic diseases, allergic rhinitis, pregnancy, were accepted as exclusion criteria. Patients who had been asthma symptoms such as episodic breathlessness, wheezing, cough, chest tightness were not included. Body
mass index (BMI) (kg/m2) was calculated by measuring
weight and height. Pulmonary function tests (PFT) were
performed with flow sensitive spirometer. Histamine
bronchial challenge tests were performed. Their sleeping
status was inquired with Epworth sleepiness scale (ESS).

INTRODUCTION
Obstructive sleep apnea syndrome (OSAS) is characterised by repetitive episodes of upper airway occlusion during sleep. OSAS has been shown to be associated with a variable degree of nasal inflammation, uvula mucosal congestion and bronchial hyperresponsiveness (BHR) (1). In various studies, the presence of neutrophilic inflammation has been detected in lower airways in induced sputum (2,3). It has been reported that
sleep apnea in patients diagnosed with asthma may
trigger asthma episodes and nasal CPAP which is the
conventional treatment for OSAS may be safely used in
these patients and this treatment may control asthma
episodes, especially nocturnal symptoms (4). Various
studies established the presence of BHR in OSAS patients without asthma. However, conflicting results have
been obtained on BHR in patients with OSAS according
to these studies. In the study of Devouassoux et al, the
rate of BHR has been found to be 11% in OSAS patients (2). Nevertheless, BHR was found at the rate of
22% and 25% in in the studies of Köktürk and Lin respectively and both studies reported no correlation between the severity of BHR and severity of disease (5,6).

Pulmonary Function Tests
PFT were performed with flow sensitive spirometry
(Sensor Medics®, Vmax spectra 22, USA) according to
“American Thoracic Society” (ATS) criterias (7). Forced vital capacity % (FVC%), forced expiratory volume
in one second % (FEV1), peak expiratory flow %
(PEF%) and FEV1/FVC ratio were recorded.
Epworth Sleepiness Scale (ESS)

The aim of this study was to investigate the presence of
BHR in patients with OSAS. In addition, in this study,
we examined the factors determining severity of BHR in
this patients.

The ESS is simple, eight item self-administered scale
wich is widely used in clinical practice to quantify the
level of daytime sleepiness in situations of different soporificity. Is has a total score range of 0-24 and scores
> 10 are indicative of excessive daytime sleepiness (8).

MATERIALS and METHODS
Study Design

Bronchial Provocation Test

Fourty seven patients with the complaints of snoring, witnessed apnea and daytime sleepiness who were diagno-

Patients were assessed with a histamine inhalation test
to determine their level of BHR. Histamine solution
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(diphosphate salt, Sigma, Diesenhofen, Germany) was
prepared in sterile isotonic saline. The histamine
bronchial challenge test was performed according to a
standardized procedure (9). Pulmonary functions were
measured with a flow-sensing spirometer connected to
a computer. LAB, version 4.3 software (Jeager, Wurzburg, Germany) was used for the analysis. Each subject inhaled increasing concentrations of histamine
(0.03-16 mg/mL), nebulized by a dosimeter with a mean output of 9 µL/puff (SD_0.3) (Dosimeter APS Pro,
Jeager, Wurzburg, Germany), until FEV1 was reduced
by 20% from baseline values. Bronchial response to
histamine was expressed as the provocative dose
(mg/mL) causing a 20% reduction in FEV1 (PD 20) and
was calculated by using LAB, version 4.3 software (Jeager, Wurzburg, Germany). A concentration of histamine < 16 mg/mL was taken as positive bronchial provocative test (BPT) result. Presence of BHR was diagnosed as positivity of BPT (PD values ≤ 16 mg/mL).

BMI, age and sex was investigated in all patients with
sleep apnea. The statistical analysis was performed
using the SPSS program (SPSS Inc., IL, USA) and pvalues were two tailed analysed. p values of less than
0.05 were considered statistically significant.
RESULTS
The study included 37 male and 10 female patients.
The mean age was 48.0 ± 11.1 (minimum: 21-maximum: 76) years, the mean BMI was 30.4 ± 4.4 kg/m2,
the mean AHI was 38.2 ± 28.5 events per h, the mean
ESS scores was 10.1 ± 5.9 (Table 1). BHR was showed
in 21 (16 male/5 female) of 47 (44%) patients. There
were significant negative correlations between PD 20
values and AHI (r= -0.47, p= 0.03), BMI (r= -0.45, p=
0.03), and ESS score (r= -0.45, p= 0.03) in the patients with BHR according to pearson correlation analyses (Table 2). AHI (p= 0.03), BMI (p= 0.02), ESS scores (p= 0.03) were higher in patients with BHR (21 patients) than in patients without BHR (26 patients) (Table 3). In multivariable linear regression analysis, the relation between PD 20 value and age, sex, AHI and BMI
was analysed in the patients with BHR. Statistically significant negative relation was found between PD 20 values and AHI (β = -0.45, p= 0.03). However, PD 20 values did not show significant association with BMI, age,

Sleep Study
Overnight polysomnography was performed in all patients by a computerized system (Sensormedics, USA)
and included the following variables: electrooculogram
(two channels), electroencephalogram (four channels),
electromyogram of submental muscles (two channels),
electromyogram of the anterior tibialis muscle of both
legs (two channels), and electrocardiogram and airflow
(oro-nasal canules). Chest and abdominal efforts (two
channels) were recorded using inductive plethysmography, arterial oxyhemoglobin saturation (SaO2: 1 channel) by pulse oximetry with a finger probe. Sleep was
scored using the criteria of Rechtschaffen and Kales for
epochs of 20 s by a scorer experienced in the use of standard guidelines (10). Sleep stages were scored using
standard criteria. Apnea was defined as cessation of airflow for 10 s. Hypopnea was defined as a 30% reduction
of airflow or respiratory movements accompanied by a
3% decrease in SaO2 and/or followed by an arousal. The
AHI was established as the ratio of the number of apnoeas and hypopnoeas per hour of sleep. Subjects with an
AHI of < 5 were classified as nonapneic snorers (11).

Table 1. Demographic characteristics of the patients.
Patients with sleep apnea
Age

48.0 ± 11.1

Sex

Male/Female: 37/10

AHI

38.2 ± 28.5

ESS

10.1 ± 5.9

BMI (kg/m2)

30.4 ± 4.4

Values mean ± standard deviation.
Statistical significance p< 0.05.
AHI: Apnea hypopnea index, BMI: Body mass index, ESS: Epworth
sleepines scale.

Table 2. Correlation between PD 20 value and AHI,
BMI, ESS score in patients with BHR.

Statistical Analysis

PD 20 value n= 21
r value
p value

Results are expressed as mean ± standard deviation
(SD). Significance of difference between groups was
assessed by unpaired student’s t-test. The relation between presence of BHR and AHI, ESS score and BMI
was investigated with “pearson correlation test”. In
“multiple linear regression”analysis, the relation of PD
20 value with AHI, BMI, age and sex, was investigated
in patients with BHR. In additon, in “logistic regression”analysis, the relation of presence of BHR with AHI,

AHI

-0.47

0.03

BMI

-0.45

0.03

ESS

-0.45

0.03

Statistical significance p< 0.05.
PD 20: Provocative dose causing a 20% reduction in FEV1.
AHI: Apnea hypopnea index, BMI: Body mass index, ESS: Epworth
sleepiness scale, BHR: Bronchial hyperresponsiveness.
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Table 3. Comparison between patients with BHR and patients without BHR.
Patients with BHR (n= 21)

Patients without BHR (n= 26)

p
0.37

Age

49.6 ± 10.3

46.7 ± 11.8

Sex

Male/Female: 16/5

Male/Female: 21/5

0.70

AHI

47.9 ± 32.8

30.5 ± 22.3

0.03

BMI

32.0 ± 4.5

29.2 ± 3.9

0.02

ESS

12.1 ± 5.4

8.5 ± 5.9

0.03

Values mean ± standard deviation.
Statistical significance p< 0.05.
BHR: Bronchial hyperresponsiveness, AHI: Apnea hypopnea index, BMI: Body mass index, ESS: Epworth sleepiness scale.

were correlated with severity of sleep apnea (AHI), BMI
and ESS score according to pearson correlation analyses. In addition, AHI was determining presence and severity of BHR and BMI were determining only presence
of BHR in multivariate analysis. As severity of OSAS
increased, presence and severity of BHR increased. In
additon, this results showed that BMI was also increased presence of BHR in patients with sleep apnea.

Table 4. The factors determining PD 20 value in
patients with BHR.
β value
Intercept

PD 20 value (n= 21)
p value
R2

0.0001

22%

AHI

-0.47

0.03

BMI

-0.34

0.1

Age

-0.20

0.3

Sex

0.19

0.3

In the literature, in a large cohort of OSAS patients, airway hyperresponsiveness to cold air has been reported
as 4% (12). In addition, previous studies on BHR in patients with OSAS have indicated equivocal results.
When Lin et al. used maximum metacholin dose at 25
mg, they established 25% BHR in patients with OSAS
(5). The other study showed that three patients had
BHR on methacholine challenge among sexteen patients with OSAS (13). In the our study, maxium histamin dose was 16 mg and BHR was established at the
rate of 44%. In other studies, there was not the relation
between severity of OSAS and BHR (4,5). However,
Livy et al. established that at 2nd-3rd month of CPAP
treatment in OSAS patients BHR was decreased (5).
Devoassoux et al. used 4 mg as maximum metacholin
dose and found 11% BHR in patients with OSAS (2).
They found BHR as 40% at the first weeek of CPAP treatment and as 33% at fourth week in the patients with
OSAS, they explained that BHR increased with CPAP

Statistical significance p< 0.05.
PD 20: Provocative dose causing a 20% reduction in FEV1,
AHI: Apnea hypopnea index, BMI: Body mass index,
BHR: Bronchial hyperresponsiveness.

sex (Table 4). Besides, in logistic regression analysis,
the relation between presence of BHR and age, sex,
AHI and BMI was analysed in the all of patients with
sleep apnea. Statistically significant positive relative
was found between presence of BHR and AHI (p= 0.04)
and BMI (p= 0.03) but presence of BHR did not show
significant association with age, sex (Table 5).
DISCUSSION
In the present study, rate of BHR in patients with OSAS
was as high as 44%. The presence and severity of BHR

Table 5. The factors determining presence of BHR value in patients with sleep apnea.
Presence of BHR
(n= 47)
p value

Presence of BHR
(n= 47)
p value

AHI

0.04 OR: 1.02 (1.00-1.04)

BMI

0.03 OR: 1.17 (1.00-1.37)

Age

0.3

Age

0.7

Sex

0.7

Sex

0.7

Statistical significance p< 0.05.
OR: Odds ratio, AHI: Apnea hypopnea index, BMI: Body mass index, BHR: Bronchial hyperresponsiveness.
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treatment. Various mechanisms have been proposed to
explain BHR in patients with OSAS. Hypoxia can trigger BHR by the mechanisms through stimulation of the
carotid bodies resulting in reflex bronchoconstriction.
There are repeated stimulation of glossopharynx, glottis and larynx in snoring patients. Neural receptors in
the glottis and in the laryngeal region have reflex
bronchoconstrictive activity. Muller maneuvers, which
is a potent vagus stimulator are observed in OSAS patients frequently and vagal hyperfunction causes
bronchial hyperresponseveness (14-17). In patients
with OSAS, increases in bronchial inflammation was
defined as increase neutrophils, IL-8 counts in induced
sputum, and increase NO in exhaled air (4,5). The repeated mechanical trauma on the airway vibration and
the forceful suction collapse during apneas, likely triggers an inflamatory response locally (18). Bronchial
inflammation is thought to facilitate BHR development
(19).

showed the correlation between degree of BHR (PD values) and BMI in the simple pearson analyses.
In conclusion, BHR is common in patients with OSAS.
Degree of BHR increases depending on severity of sleep apnea and accompanying obesity. In addition, patients with BHR is more obese, their disease is more severe. Presence of BHR in OSAS should be taken into
account.
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