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Background: The bidirectional relationship of asthma and obstructive sleep apnea (OSA) has been 
confirmed in recent years. However, in the clinical practice, majority of asthma patients did not pay adequate 
attention to their sleep apnea condition. Berlin questionnaire (BQ) and STOP-Bang questionnaire (SBQ) are 
two most common OSA screening questionnaires to screen high-risk patients for OSA. This study aimed at 
evaluating the predictive performance of BQ and SBQ for OSA in asthma patients.
Methods: Asthma outpatients of Zhongshan Hospital were enrolled into the study. All patients were asked 
to fill in the BQ and SBQ and clinical characteristics and asthma characteristics were recorded. Univariate 
and multivariate logistic regression analyses were applied to identify risk factors of OSA in asthma patients. 
With the gold standard of laboratory-based overnight polysomnography (PSG), the predictive performance 
of SBQ and BQ was evaluated and compared. The probability of OSA severity was predicted by various SBQ 
scores in asthma patients. 
Results: A total of 123 asthma patients (average age 47.56±12.12 years; 57.72% males) were enrolled 
and underwent PSG diagnosis overnight at Sleep Center. Logistic regression analyses showed that rhinitis 
(adjusted OR =4.30; 95% CI: 1.50–12.37, P=0.007) and dyslipidemia (adjusted OR =2.75; 95% CI: 1.16–6.51, 
P=0.021) were associated with OSA in asthma patients after adjusting for known OSA risk factors. No 
asthma functional characteristic differences were found to be associated with OSA severity in the study. The 
prevalence of moderate-to-severe OSA (AHI ≥15) in the asthmatic population sample was 36.59% (45/123). 
Questionnaires predictive results showed that compared with BQ, SBQ has higher diagnostic sensitivity 
(84.4% vs. 60%), lower specificity (79.5% vs. 91%) lower positive predictive value (PPV): (70.4% vs. 79.4%) 
and higher negative predictive value (NPV) (90% vs. 80%) to detect moderate-to-severe OSA at the cut-
off as AHI of 15/h. OSA probability results showed that with the increasing of the questionnaire scores, the 
moderate and severe OSA probability of SBQ rose significantly.
Conclusions: SBQ is a preferable sleep questionnaire better than BQ for detecting moderate and severe 
OSA in asthma patients which should be validated in larger population sample. 
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Introduction

Asthma is a chronic respiratory disorder associated with 
reversible air flow obstruction and bronchial hyper-
responsiveness affecting all age groups. The typical 
symptoms of asthma include wheezing, breathlessness, chest 
tightness and coughing that vary over time and intensity. 
1% to 18 % of the general population suffered from asthma 
among different regions of the world (1). Over the last 
quarter century, a dramatic increase in the morbidity and 
economic burden of asthma has become a public concern (2).

Increasing evidence indicate that the presence of 
comorbidities can influence asthma control and asthma 
outcomes (3). Obstructive sleep apnea (OSA), one of 
the most common comorbidities, is associated with the 
occurrence of asthma, poor asthma control, frequent 
exacerbations and asthma-related quality of life (4-6). It is a 
common disorder of repetitive pharyngeal collapse during 
sleep. Pharyngeal collapse could be complete (causing 
apnoea) or partial (causing hypopnoea). Epidemiologic 
data showed that the prevalence of OSA among asthmatic 
populations ranges from 38% up to as high as 70% (7). 
There is growing evidence that continuous positive airway 
pressure (CPAP) in adults and adenotonsillectomy in 
children which are recommended as first line treatment 
of OSA can improve their asthma symptoms (8-10). Mild 
OSA in severe asthma patients is associated with increased 
proportion of neutrophils in sputum and changes in airway 
remodeling (11,12). OSA and asthma co-morbidities are 
independent predictors of new heart failure and atrial 
fibrillation in patients with diabetes mellitus and preserved 
ejection fraction (13). And OSA was associated with 
systemic hypertension in a young asthma population (14). 
Recently a follow-up research for more than 5 years has 
suggested that asthmatic patients with OSA had greater 
declines in FEV1 than those without OSA and CPAP 
treatment alleviated the decline of FEV1 in asthma patients 
with severe OSA (15). Periodic OSA evaluation in patients 
with asthma is recommended and special consideration is 
needed for the care and treatment of asthmatic patients with 
OSA (16).

Due to miscellaneous nocturnal asthmatic symptoms, 
majority of asthma patients did not pay enough attention 
to their sleep apnea condition. Moreover, the gold standard 
for OSA diagnosis is attended overnight polysomnography 
(PSG), which is rather expensive and time-consuming. 
Utilizing validated screening instruments to affirm high risk 
of OSA in asthmatic patients will allow clinicians to cost-

effectively test and treat appropriate patients, potentially 
improving asthma outcomes. The Berlin questionnaire 
(BQ), a reliable screening tool, first generated at the 
Conference on Sleep in Primary Care in Berlin, Germany 
in April 1996, has been widely used to determine high-
risk patients for OSA (17). The STOP-Bang questionnaire 
(SBQ) was first developed in 2008 (18). Due to its ease 
using and high sensitivity, SBQ has been widely used in 
preoperative clinics, sleep clinics, the general population 
and other special populations to detect patients at high-
risk of OSA (19). However, their screening performance 
in asthma patients has not yet been assessed so far. In this 
study, the predictive performance of BQ and SBQ were 
validated in asthmatic population.

Method

Participants

The study was approved by the ethics committees of Fudan 
University Zhongshan Hospital (B2012-073R), Shanghai, 
China. From January 2015 to January 2016, altogether 
229 consecutive asthma patients collected from the general 
respiration clinic of Zhongshan Hospital were invited 
to participate in this study. According to the inclusion 
criteria, 123 patients were enrolled into the study (Figure 1). 
Characteristics of patients who were enrolled or removed 
in the study were showed in the supplementary information 
(Table S1).

The inclusion criteria were as follow: (I) asthma medical 
history was diagnosed definitely previously and not in 
asthma exacerbation within the past 6 months; (II) did not 
be diagnosed OSA previously or accepted OSA treatment; 
(III) did not combine with other chronic respiratory diseases 
(such as COPD, bronchiectasia, interstitial lung diseases, 
pulmonary fibrosis and lung neoplasms etc.) and cooperated 
related examinations smoothly by themselves; (IV) ranging 
from 18 to 80 years old; (V) complete asthma related tests 
and PSG tests fully; (VI) understood this study with written 
informed consents. 

 The exclusion criteria were as follow: (I) in asthma 
exacerbation within the past 6 months; (II) be diagnosed 
OSA previously or accepted OSA treatment; (III) combine 
with other chronic respiratory diseases (such as COPD, 
bronchiectasia, interstitial lung diseases, pulmonary 
fibrosis and lung neoplasms etc.) and cooperated related 
examinations smoothly by themselves; (IV) not ranging 
from 18 to 80 years old; (V) not complete asthma related 
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tests and PSG tests fully; (VI) reject to participate this study.

Data collection

Collect ing patients ’  data and completing related 
examinations:

(I) Clinical characteristics: the demographic data and 
clinical characteristics were collected: sex (women/men), 
age (age ≥50), BMI (BMI ≥35 or ≥30), neck circumference 
(neck circumference ≥40), Smoking status (current, Ex and 
never), alcohol status (current, Ex and never), high blood 
pressure (HBP), coronary heart disease (CHD), arrhythmia, 
gastroesophageal reflux disease (GERD), diabetes, 
dyslipidemia and rhinitis. Neck circumference, height 
and weight were measured by the technicians in the Sleep 
Center. Other concomitant disorder records were enquired 
by patients personally and based on patients’ medical 
records.

(II) Asthma functional characteristics: all the patients 
were asked for the following information: Asthma Control 
Test (ACT), FeNO value, lung function parameters (FEV1/
predicted %, FVC/predicted %, FEV1/FVC % and PEF/
predicted %), asthma onset age, regular medical control 
of asthma, using inhaled corticosteroids (ICS), inhaled 
corticosteroids (equivalent doses of budesonide), asthma 
grade evaluation (mild, moderate and severe). FeNO and 
lung function tests were completed in the Zhongshan 

Hospital. ACT was assessed by the same sleep medicine 
specialist before PSG test in the Sleep Center. The 
total ACT score ranges from 5 to 25 points with higher 
score indicating good asthma control. Dose conversion: 
beclomethasone dipropionate 1,000 μg = budesonide  
800 μg = fluticasone propionate 500 μg. The classification 
of Asthma Grade was according to Global Initiative for 
Asthma (GINA) guidelines [2015]. 

(III) BQ and SBQ: before the PSG test, patients were 
asked to fill in the BQ and SBQ by themselves. The screening 
questionnaires were applied by one independent trained 
observer unaware of any patient’s clinical data. The BQ is 
a 10-item validated tool used for the screening of OSAHS 
risk. It includes five questions on snoring (category 1),  
four questions on daytime somnolence (category 2) and one 
question on the history of hypertension or BMI ≥30 kg/m2 
(category 3). Subjects with positive two or more categories 
are accepted as high-risk subjects for OSA. The SBQ 
includes the four questions used in the STOP questionnaire 
plus four additional demographic queries, for a total of 
eight dichotomous (yes/no) questions related to the clinical 
features of sleep apnea [snoring (S), tiredness (T), observed 
apneas (O), high blood pressure (H), body mass index (BMI) 
over 35 kg/m2 (B), age over 50 years (A), neck circumference 
over 40 cm (N), and gender male (G)]. For each question, 
answering “yes” scores 1, a “no” response scores 0, and the 
total score ranges from 0 to 8. Patients can be classified for 

229 asthma patients
were collected from  in the respiratory 

clinic from January 2015 to January 2016 84 patients were excluded in the Respiratory Clinic:
(1)	 27 patients were in asthma exacerbation within the past 6 months;
(2)	 6 patients  were diagnosed OSA previously or accepted OSA treatment;
(3)	 26 patients combined with other chronic respiratory diseases; 
(4)	 14 patients were not ranging from 18 to 80 years olds;
(5)	 11 patients rejected or  could not complete  this study by themselves.

22 patients data were excluded:
(1)	 10 patient had incomplete asthma related tests;
(2)	 12 patients had incomplete polysomnography test. 

145 asthma patients

123 asthma patients
were enrolled into the study

Collecting patients data and completing related examinations
1.	 Clinical characteristics 
2.	 Asthma functional characteristics
3.	 Sleep questionnaires
4.	 PSG test

Figure 1 Flow chart of asthma patients screening in the study.
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OSA risk based on their respective scores. In our study, the 
item of “BMI more than 35 kg/m2” was replaced with “BMI 
more than 30 kg/m2” to be comparable with BQ. There is 
no performance difference between Using BMI cutoff of  
30 and cutoff of 35 for Asians (20). According to the 
previous literatures, subjects with 3 or more scores are 
accepted as high-risk subjects for OSA. 

(IV) PSG test: PSG test was undertook in Sleep Center of 
Zhongshan Hospital. Sleep Time was 5 h at least monitored 
by Alice-4 18-channel PSG (Alice-4 Respironics, Pittsburgh, 
Pennsylvania, USA) in a same light- and temperature-
controlled examination rooms. The reports were analyzed 
by another sleep medicine specialist. PSG tests were not 
taken in the acute exacerbation stage of asthma. PSG test 
items include the electroencephalogram, electrooculogram, 
submental electromyogram, electrocardiogram, oronasal 
airflow by a nasal pressure transducer, arterial oxygen 
saturation by transcutaneous pulse oximetry, thoracic 
and abdominal bands and a body position electrode. 
Sleep stages are divided into non-rapid-eye-movement 
(NREM) sleep and rapid-eye-movement (REM) sleep. 
The sleep monitor report parameters include four parts: 
sleep architecture, respiratory condition, SpO2 condition 
and position situation. AHI refers to the number of apneas 
and hypopneas per hour during sleep time: apnoea was 
defined as the absence of oronasal airflow for ≥10 seconds  
associated with continued or increased inspiratory effort 
and hypopnoea was defined as a ≥50% reduction in 
oronasal airflow accompanied by oxygen desaturation more 
than 4%. ODI refers to the total number of episodes of 
oxyhemoglobin desaturation ≥4% from the immediate 
baseline per hour during sleep time. REM (%TST) refers to 
the proportion of REM stage sleep time to total sleep time. 
Scoring of respiratory events was done according to 2007 
American Academy of Sleep Medicine (AASM) criteria (21).  
AHI is the accepted international criteria to grade the 
severity of OSA according to the Chinese Respiratory 
Society (22) and 2007 AASM guidelines: 5≤ AHI <15, the 
grade is mild; 15≤ AHI <30, the grade is moderate; 30≤ AHI,  
the grade is severe.

Statistical analysis

Data were presented as means ± standard deviations and 
number (proportions %) unless otherwise stated. Two 
sample means comparison was assessed by independent 
sample t-test or Mann-Whitney rank sum test (for 
continuous variables) and Chi-square test or Fisher’s exact 

tests (for categorical variables). Multiple sets of samples 
comparison were assessed by one-way analysis of variance 
(ANOVA) or Mann-Whitney rank sum test (for continuous 
variables) and Chi-square test or Fisher’s exact tests (for 
categorical variables). The post hoc of ANOVA referred 
to the least-significant difference (LSD) test. Before the 
independent sample t-test or ANOVA for continuous 
variables, Kolmogorov-Smirnov test was tested for the 
data normality: if data does not conform to the normal 
distribution, rank sum test will be applied. Stepwise 
method will be chosen to screen variables. Univariate and 
multivariate logistic regression models were applied to 
identify the risk factors associated with OSA by odds ratio 
(OR) and a 95% confidence interval (CI). Covariates were 
entered into multivariate models if they were significant 
in univariate models. Enter method was used in the 
multivariate logistic regression model. Spearman correlation 
analyses were used to determine relationships between AHI 
with BQ and SBQ scores. Sensitivities, specificities, positive 
predictive value (PPV), and negative predictive value 
(NPV), positive and negative likelihood ratios (PLR and 
NLR), and area under the receiver operating characteristic 
(ROC) curve (AUC) were calculated including respective 
confidence intervals. Kappa test was used for testing the 
consistency of screening questionnaires and PSG results. 
Ordinal logistic regression analysis was applied to predict 
the OSA probability of various BQ and SBQ scores. All the 
results and figures were analyzed and established by SPSS 
19.0 software package (SPSS, Inc., Chicago, IL, USA).

Results

Baseline demographic and medical characteristics 

From January 2015 to January 2016, 123 out of 229 asthma 
patients in the Respiratory Clinic of Zhongshan Hospital 
were enrolled into the study. Eighty-four patients were 
excluded at the Respiratory Clinic and 22 patients’ data 
were deleted at the Sleep Center. Table 1 showed the 
baseline demographic and history characteristics of the 
enrolled population. The enrolled population consisted of 
71 men (57.72%) and 52 women (42.28%). The PSG test 
diagnosed 20 (16.26%) subjects as severe OSA with AHI 
≥30, 25 (20.33%) as moderate OSA with 15≤ AHI <30 and 
33 (26.83%) as mild OSA with 5≤ AHI <15. There was a 
significant difference of Age, BMI, neck circumference, 
smoker, drinker, HBP between the OSA and non-OSA 
groups. All these clinical characteristics have been proved 
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Table 1 Baseline demographic and medical history characteristics of 123 asthma patients

Variables Total (n=123) Non-OSA (n=45) OSA (n=78)

Clinical characteristics

Men/Total 71 (57.72) 14 (31.11) 57 (73.08)

Age (years) 47.56±12.12 40.93±10.03 51.38±11.62

Age ≥50 54 (43.9) 8 (17.78) 46 (58.97)

BMI (kg/m2) 26.42±2.99 24.6±2.06 27.47±2.94

BMI ≥30 15 (12.20) 0 (0) 15 (19.23)

BMI ≥35 2 (1.63) 0 (0) 2 (2.56)

Neck circumference (cm) 36.27±2.97 33.82±2.22 37.67±2.38

Neck circumference ≥40 19 (15.45) 0 (0) 19 (24.36)

Current and Ex-smoker 37 (30.08) 8 (13.33) 29 (37.18)

Current and Ex-drinker 73 (59.32) 21 (46.34) 52 (66.23)

HBP 39 (31.36) 6 (12.20) 33 (41.56)

CHD 26 (22.03) 5 (12.20) 21 (27.27)

Arrhythmia 14 (11.02) 4 (7.32) 10 (12.99)

GERD 28 (23.73) 13 (31.71) 15 (19.48)

Rhinitis 80 (65.04) 12 (26.67) 68 (87.18)

Diabetes 12 (10.17) 2 (4.88) 10 (12.99)

Dyslipidemia 48 (40.68) 8 (19.51) 40 (51.95)

Asthma functional characteristics

Asthma onset age 16.43±7.80 15.84±8.55 16.71±7.41

FeNO (ppb) 25.54±22.44 23.53±22.47 26.87±22.59

Lung function data

FEV1/predicted% 89.45±12.43 92.58±9.75 87.63±13.47

FVC/predicted% 90.51±11.72 92.51±9.24 89.36±12.85

FEV1/FVC% 77.23±9.42 79.91±9.26 75.68±9.22

PEF/predicted% 86.51±13.09 89.30±10.62 84.90±14.13

Positive bronchial dilation test 85 (69.11) 30 (66.67) 55 (71.51)

Regular medical control of asthma 81 (66.1) 31 (68.29) 50 (64.94)

Using ICS 62 (50.0) 20 (41.46) 42 (54.55)

Inhaled glucocorticoids, equivalent doses of budesonide (mcg/day) 361.29±122.69 320.00±96.48 387.37±132.21

Asthma grade

Mild 61 (49.59) 26 (57.78) 35 (44.87)

Moderate 54 (43.9) 17 (37.78) 37 (47.44)

Severe 8 (6.5) 2 (4.44) 6 (7.69)

Table 1 (continued)
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Table 1 (continued)

Variables Total (n=123) Non-OSA (n=45) OSA (n=78)

Questionnaire scales

Asthma control test 20.71±1.74 20.87±1.97 20.6±1.58

Berlin questionnaire 1.16±0.94 0.53±0.59 1.52±0.91

STOP-Bang questionnaire 2.80±1.93 1.22±1.18 3.65±1.73

Polysomnography data

AHI (/h) 15.07±12.87 2.88±1.50 22.28±11.11

ODI (/h) 15.74±13.24 3.54±1.76 22.98±11.73

REM (%TST) 13.00±5.90 12.73±6.11 13.12±5.83

Average SaO2 92.85±3.94 95.82±1.71 91.13±3.84

Min SaO2 82.16±9.45 90.44±3.86 77.38±8.36

Data represent as mean ± SD or number (%). BMI, body mass index, BMI = Weight (Kg) ÷ Height2 (m2); FEV1, forced expiratory volume 
in one second; FVC, forced vital capacity; PEF, peak expiratory flow; HBP, high blood pressure; CHD, coronary heart disease; GERD, 
gastroesophageal reflux disease; FeNO, exhaled nitric oxide fraction; ICS, inhaled corticosteroids; AHI, apnea-hypopnea index; ODI, 
oxygen desaturation index; REM, rapid eye movement sleep; TST, total sleep time; SaO2, arterial oxygen saturation.

previously to be closely related with the occurrence and 
development of OSA by considerable epidemiology surveys. 
AHI and ODI are two frequently-used index to quantify 
the severity of OSA. The values of REM (%TST) of OSA 
and Non-OSA groups had no difference. Increasing OSA 
severity was associated with a higher BQ and SBQ scores 
and a higher prevalence of men, neck circumference ≥40, 
BMI ≥30, current and ex-drinker, hypertension, rhinitis 
and dyslipidemia. 49.59% asthma patients were mild grade, 
43.9% were moderate and only 6.5% were severe. In the 
OSA group, inhaled glucocorticoids dose were slightly 
higher (387.37±132.21 vs. 320±96.48, P=0.044) and the 
proportion of using ICS was higher (54.55% vs. 41.46%) 
but without statistical significance (P=0.315). FEV1 and 
FEV1/FVC were slightly poorer in the OSA group. No 
other asthma functional characteristics differences were 
found to be different between OSA and non-OSA groups.

Univariate and multivariate logistic regression analyses 
were applied to identify risk factors of OSA in asthma 
patients (Table 2). Combined with the above results, rhinitis 
(OR =1.94; 95% CI: 1.23–3.04, P=0.004; adjusted OR =4.30; 
95% CI: 1.50–12.37, P=0.007) and dyslipidemia (OR =1.70; 
95% CI: 1.14–2.53, P=0.009; adjusted OR =2.75; 95% CI: 
1.16–6.51, P=0.021) were associated with OSA in asthma 
patients after adjusting for sex, age, BMI, neck circumference, 
smoke, alcohol and HBP which are the definite risk factors of 
OSA. As a concomitant disease of asthma, the morbidity of 

rhinitis in asthma patients was quite high (65.04%), especially 
in OSA group, up to 87.18%. No asthma functional 
characteristics differences were found to be associated with 
OSA severity in the study.

Predictive performance of BQ and SBQ to detect OSA in 
asthma patients

Before the PSG test, 123 patients filled in BQ and SBQ. 
The questionnaire characteristics of the study subjects are 
shown in Table 3. The mean score of the BQ was 1.02±0.88, 
and 34 subjects (27.64%) were classified as being at high 
risk for OSA with a score of ≥2. The mean score of the 
SBQ was 2.55±1.97, and 54 (43.9%) subjects were classified 
as being at high risk for OSA with a score of ≥3. AHI 
value was significantly correlated with SBQ items and BQ 
categories but the item of Do you often feel tired, fatigued, 
or sleepy during daytime (P=0.55) in SBQ and category 2 in 
BQ (P=0.51). The sensitivity, specificity, PPV, NPV, positive 
likelihood ratio (PLR), negative likelihood ratio (NLR), 
accuracy, Kappa and AUC of the two to predict OSA  
(cut-off points set as AHI of 5/h, 15/h, and 30/h) were 
shown in Table 4. As the main purpose of questionnaire 
screening is to identify patients at risk of moderate or 
severe OSA, where CPAP treatment is recommended, the 
predictive performance of BQ and SBQ at the cut-off as 
AHI of 15/h was particularly focused on.
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Table 2 Logistic regression analysis between OSA and clinical, asthma functional characteristics

Variables OR (95% CI) Adjusted OR (95% CI)

Clinical characteristics

Rhinitis 1.94 (1.23–3.04)* 4.30 (1.50–12.37)*

Dyslipidemia 1.70 (1.14–2.53)* 2.75 (1.16–6.51)*

CHD 2.95 (1.03–8.47)* 0.44 (0.058–3.93)

Arrhythmia 1.51 (0.44–5.12) 0.33 (0.04–2.99)

GERD 0.59 (0.25–1.38) 1.69 (0.40–7.13)

Diabetes 3.16 (0.66–15.13) 1.37 (0.13–14.31)

Asthma functional characteristics

Asthma onset age 1.02 (0.98–1.07) 1.97 (0.35–11.01)

FeNO (ppb) 1.01 (0.99–1.02) 1.02 (0.98–1.05)

FEV1/predicted% 0.97 (0.94–1.00)* 1.01 (0.93–1.09)

FVC/predicted% 0.98 (0.95–1.01) 1.02 (0.95–1.11)

FEV1/FVC% 0.95 (0.91–0.99)* 0.99 (0.91–1.07)

PEF/predicted% 0.97 (0.95-1.00) 1.00 (0.93–1.07)

Positive bronchial dilation test 0.53 (0.25–1.13) 0.27 (0.07–1.10)

Regular medical control of asthma 0.85 (0.39-1.87) 0.51 (0.10–2.72)

Using ICS 1.05 (0.50–2.18) 0.36 (0.08–1.63)

Model was adjusted for sex, age, BMI, neck circumference, smoke, alcohol and HBP. *, P<0.05. OSA, obstructive sleep apnea; OR, odds 
ratio; CI, confidence intervals; CHD, coronary heart disease; GERD, gastroesophageal reflux disease; FeNO, exhaled nitric oxide fraction; 
FEV1, forced expiratory volume in one second; FVC, forced vital capacity; PEF, peak expiratory flow; ICS, inhaled corticosteroids; BMI, 
body mass index; HBP, high blood pressure.

At the cut-off as AHI of 5/h, compared with BQ, SBQ had 
higher diagnostic sensitivity (62.82% vs. 42.31%), higher 
NPV (57.97% vs. 49.44%), higher PLR (1.69 vs. 0.73),  
higher accuracy (72.36% vs. 62.6%) and larger AUC  
(0.83 vs. 0.74). The kappa of SBQ was greater than BQ 
(0.465 vs. 0.332) indicating the consistency tendency of 
SBQ was better. Although SBQ had a better predictive 
performance than BQ to detect any OSA in asthma patients, 
the sensitivity and NPV were relatively low at the cut-off as 
AHI of 5/h. 

At the cut-off as AHI of 15/h, compared with BQ, SBQ 
had higher diagnostic sensitivity (84.44% vs. 60%), higher 
NPV (89.86% vs. 79.78%), higher PLR (5.43 vs. 1.5),  
higher accuracy (81.3% vs. 79.67%) and larger AUC  
(0.91 vs. 0.82). Compared with the cut-off as AHI of 5/h,  
the sensitivity, NPV, PLR, accuracy, Kappa and AUC 
of BQ and SBQ increased at the cut-off as AHI of 15/h  
respectively. The kappa of SBQ was greater than BQ  

(0.613 vs. 0.538) indicating the consistency tendency of 
SBQ was better. Both BQ and SBQ had an acceptable 
predictive performance to detect moderate and severe 
OSA in asthma patients at cut-off as AHI of 15/h and 
SBQ was better evidently. At the cut-off as AHI of 30/h, 
the sensitivity, NPV and AUC of BQ and SBQ increased 
significantly, meanwhile the Kappas of SBQ decreased to 
0.398. ROC curves for BQ and SBQ as AHI =5, 15 and 30 
are provided in the supplementary information (Figure S1).

In conclusion, SBQ was a valid sleep questionnaire better 
than BQ to distinguish moderate and severe OSA (AHI =15).

Relationship between various SBQ scores and OSA 
probability in asthma patients

The probability of moderate and severe OSA was predicted 
by various SBQ scores in asthma patients (Figure 2). When 
the score was 3, the moderate and severe OSA probability 
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Table 4 Predictive indicators of BQ and SBQ to detect OSA

Predictive parameters
AHI ≥5 AHI ≥15 AHI ≥30

BQ SBQ ≥3 BQ SBQ ≥3 BQ SBQ ≥3

Prevalence of OSA, % 63.41 36.59 16.26

Sensitivity, % 42.3 (32.8–52.3) 62.8 (52.9–72) 60 (46.7–72.3) 84.4 (72.8–92.5) 80 (59.9–92.9) 100 (86.1–) 

Specificity, % 97.8 (89.9–99.9) 88.9 (78–95.5) 91.0 (83.8–95.7) 79.5 (70.5–86.7) 82.5 (75.2–88.4) 67.0 (58.6–74.6)

PPV, % 97.1 (86.8–99.8) 90.7 (81.5–96.3) 79.4 (64.8–89.9) 70.4 (58.5–80.4) 47.1 (32.2–62.3) 37.0 (26.1–49.1)

NPV, % 49.4 (40.3–58.6) 58.0 (47.4–68.1) 80.0 (71.5–86.5) 90.0 (81.8–95.1) 95.5 (90–98.5) 100 (95.8–)

PLR, % 0.7 1.7 1.5 5.4 4

NLR, % 44 8 10.1 3.9 5.7 2.0

Accuracy, % 62.6 (54.8–69.9) 72.4 (65–78.9) 79.7 (72.8–85.5) 81.3 (74.6–86.9) 82.1 (75.5–87.6) 72.4 (65–78.9)

AUC 0.74 (0.65–0.82) 0.83 (0.76–0.90) 0.82 (0.75–0.90) 0.91 (0.86–0.96) 0.86 (0.78–0.94) 0.92 (0.86–0.97)

Kappa 0.332 0.465 0.538 0.613 0.488 0.398

Data are presented as average (95% confidence interval). BQ, Berlin questionnaire; SBQ, STOP-Bang questionnaire; OSA, obstructive 
sleep apnea; PPV, positive predictive value; NPV, negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio; 
AUC, area under the curve.

Table 3 Subject responses and relationship between AHI with questionnaire items and scores

Questionnaire items Subjects with positive response Correlation coefficient P

Subjects with SBQ score ≥3 54 (43.9)

SBQ score 2.55±1.97 0.77* <0.001

Do you snore loudly (louder than talking or loud enough to 
be heard through closed doors)?

51 (41.46) 0.57 <0.001

Do you often feel tired, fatigued, or sleepy during daytime? 30 (24.39) −0.05 0.55

Has anyone observed you stop breathing during your sleep? 39 (31.71) 0.72 <0.001

Do you have or are you being treated for high blood 
pressure?

37 (30.08) 0.34 <0.001

BMI more than 30 kg/m2? 15 (12.20) 0.49 <0.001

Age over 50 years old? 54 (43.90) 0.30 0.001

Neck circumference greater than 40 cm? 16 (13.01) 0.50 <0.001

Gender male? 71 (57.72) 0.49 <0.001

Subjects with BQ score ≥2 34 (27.64)

BQ score 1.02±0.88 0.62 <0.001

BQ category 1 51 (41.46) 0.57 <0.001

BQ category 2 29 (23.58) 0.06 0.51

BQ category 3 45 (36.59) 0.46 <0.001

Data are presented as mean ± SD or as number (%). *, Spearman correlation analysis was used to determine the relationship. In the study, 
the item of “BMI more than 35 kg/m2” was replaced with “BMI more than 30 kg/m2” to be comparable with BQ. BQ, Berlin questionnaire; 
SBQ, STOP-Bang questionnaire; BMI, body mass index.
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of SBQ was 34.95%, the severe OSA probability was 
7.08%; When the score was 7, the moderate and severe 
OSA probability of SBQ increased to 97.85%, the severe 
OSA probability increased to 86.58%. With the increasing 
of the questionnaire scores, the moderate and severe OSA 
probability of SBQ rose significantly. It indicated that the 
patients who have a higher score in the SBQ would have a 
greater probability of moderate and severe OSA.

Discussion

In the study, 123 asthma patients in the Respiratory 
Clinic were enrolled. Baseline demographic and medical 
characteristics were compared between the OSA and Non-
OSA groups. The predictive performance of BQ and SBQ 
was evaluated and compared at cut-off points set as AHI 
of 5/h, 15/h, and 30/h before PSG test. Results showed 
that SBQ had a good predictive performance to detect 
moderate and severe OSA at the cut-off as AHI of 15/h. To 
the best of our knowledge, this is the first study to validate 
the predictive performance of the two most common OSA 
screening questionnaires—BQ and SBQ to detect OSA 
syndrome in asthmatic population.

 The motivation of screening OSA in asthma patients 
is the high prevalence of OSA in asthma patients and the 
good effect of available treatment within asthma and OSA 
patients. As the “Overlap Syndrome” referred to OSA 
and COPD coexisting, the term of “Alternative Overlap 
Syndrome” is granted for the coexisting of Asthma and 
OSA (23). Their coexistence has synergistic effects on 
patient symptoms, response to therapy, and general 

outcomes. Asthma has been confirmed to be a risk factor of 
OSA occurrence and development in large sample clinical 
studies and OSA might aggravate asthma reciprocally. In 
clinic-based epidemiologic studies, OSA symptoms, such 
as sleepiness, snoring and apnea, were more frequently 
reported by patients with asthma than by the general 
population and high OSA prevalences were found in 
patients with difficult-to-control asthma. The prevalence 
of moderate-to-severe OSA (36.59%) in our asthmatic 
population sample is considerably higher than what has 
been reported in the general population (28.1%) (19).  
A study conducted on 1,941 subjects: 740 with asthma alone 
and 1,201 with asthma and allergic rhinitis. SBQ revealed 
that 52.6% of the subjects were at increased risk of OSA 
syndrome: 47.3% of subjects with asthma alone and 55.9% 
of patients with asthma and allergic rhinitis (24). In our 
study, SBQ (≥3) revealed that 43.9% of the subjects were at 
high risk of OSA. 

As a significant comorbidity of asthma, OSA is associated 
with poor asthma control, frequent exacerbations, increased 
health resource utilization and poorer inpatient outcomes 
(5,25). Asthma patients with OSA are more likely to 
experience severe exacerbations than those without OSA. 
The AHI is significantly associated with the occurrence of 
severe asthma exacerbations (4). Researchers have found 
that long-term treatment of CPAP in patients with both 
asthma and obstructive sleep apnoea can decrease the 
asthma symptoms and improve asthma control and quality 
of life (9,10). Since evaluating OSA in patients with asthma 
has been included in the Guidelines for the Diagnosis and 
Management of Asthma (21), there is a need for clinical 
investigations of early and periodic detection of OSA among 
asthma populations. However patients with OSA have 
different patterns of clinical presentation, disturbed sleep, 
excessive daytime sleepiness and minimally symptomatic (26),  
which brings diagnosis confusion for clinical primary care. 
Asthma and OSA co-existing could make the presentation 
confused further. Considering the importance of OSA 
diagnosis and treatment among asthmatics, reliable, concise, 
and easy-to-use OSA screening tools can provide good 
choice instead of PSG test.

Although Berlin questionnaire has been a familiar sleep 
screening questionnaire all around the world, the results are 
conflicting in different study populations with sensitivity 
and specificity ranging from 0.43 to 0.89 and 0.33 to 
0.79, respectively (27). In a sleep clinic population (28),  
BQ predicted an AHI ≥5 with a sensitivity of 0.73 and 
a specificity of 0.44 and sensitivity of BQ (0.80) was 

Figure 2 The relationship between the various STOP-Bang scores 
and OSA probability. OSA, obstructive sleep apnea.
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highest when the cut-off value of AHI was 30. In a large 
cohort of resistant hypertensive patients (29), the Berlin 
questionnaire had a low accuracy with the specificity, 
sensitivity, positive and NPV in detecting moderate-to-
severe OSA was 40%, 69%, 58% and 50%, respectively 
and the PLR and NLR were 1.15 and 0.78, with a very 
low agreement (kappa =0.081). In our study, BQ showed 
relatively preferable predictive performances at the cut-off  
value of AHI as 15 with a relatively low sensitivity of 0.60 
and a specificity of 0.91 and kappa =0.538. These various 
results can be explained by heterogeneous design of 
different studies as the type of PSG and its blind execution, 
different definitions of scoring criteria, the use of modified 
questionnaires, and populations at different baseline risks of 
having OSA (sleep clinic population, general population and 
special populations, such as hypertension and obstructive 
lung diseases). In summary, the Berlin questionnaire can 
improves the identification of patients with OSA, however, 
its performance seems to be variable and uncertain in 
studied populations. 

The sensitivity of different questionnaires in predicting 
moderate-to-severe OSA varied from 54% to 93%, and 
SBQ showed the highest sensitivity (27). Another systematic 
review and meta-analysis showed that in the sleep clinic 
population, the sensitivity was 90%, 94% and 96% to detect 
any OSA (AHI ≥5), moderate-to-severe OSA (AHI ≥15), 
and severe OSA (AHI ≥30), respectively. With a stepwise 
increase of the STOP-Bang score to 4, 5, 6 and 7/8, the 
probability of severe OSA rose proportionally to 35%, 45%, 
55% and 75%, respectively (19). In our study, when the 
score increased from 3 to 7, the moderate and severe OSA 
probability of SBQ increased from 34.95% to 97.85%, the 
severe OSA probability increased from 7.08% to 86.58%. 
The available data in the literature support that there is a 
correlation existing between a higher STOP-Bang score 
and the severity of OSA. Experts argue that the SBQ should 
be considered the optimal screening tool at the present time 
and that the score can be used for making more reasoned 
clinical decisions (30).

Compared with previous researches, in our study, a 
relatively low sensitivity and relatively high specificity of 
the SBQ were found in the asthmatics: At the cut-off as 
AHI of 15/h, the sensitivity and specificity were 84.4% and 
79.5%, respectively. The clinical significance for sensitivity 
is to detect patients among actual patients and for specificity 
is to detect healthy subjects among actual non-patients. 
Compared with the sleep clinic patients and preoperative 
patients in the relevant studies, lower sensitivity and higher 

specificity were found in our study OSA subjects among 
asthmatics might be less likely to report that they feel 
sleepy during daytime meanwhile non-OSA subjects are 
more apt to complain their symptoms of sleepiness due 
to miscellaneous nocturnal asthmatic symptoms. These 
situations will decrease the sensitivity. Furthermore, 
in  our  s tudy,  only  12 .20% have  BMI ≥30 kg/m 2  
and the average BMI was 26.42±2.99 kg/m2. This was a 
generally non-obese population. Compared with obese 
population, non-obese population would have less OSA 
patients and screening questionnaires would screen less 
patients with OSA risk which could decrease sensitivity 
and increase specificity to varying degrees. Meanwhile, the 
subjects with AHI <15/h in the study include more young 
and slim female patients (45/78, 57.69%) will complaint 
less sleep symptoms and comorbidities which could increase 
the specificity. Silva et al. found that a reduced sensitivity 
and increased specificity of the questionnaire when used 
in the community setting as compared to the preoperative 
population (31). In a population-based cohort in Singapore 
also showed that the sensitivity of a STOP-Bang score of ≥3 
was 66.2% to detect AHI ≥15 and 69.2% to detect AHI ≥30. 
The relatively high specificities were 74.7% and 67.1%, 
respectively (20). Compared with the general population 
in the relevant studies, higher sensitivity was found in our 
study. One of the reasons may be that asthmatics have a 
higher OSA morbidity which has an association with the 
sensitivity. Subjects in the sleep clinic usually have more 
sleep symptoms, such as feel tired, fatigued, or sleepy 
during daytime and preoperative patients would be older 
and be heavier, have more comorbidities, such as HBP. Both 
of these situations will increase the sensitivity. A recent 
population-based study found that the majority of subjects 
with moderate-to-severe OSA in the general population 
or community setting were mostly asymptomatic and not 
sleepy (26). In our study, AHI was not correlated with the 
SBQ item of Do you often feel tired, fatigued, or sleepy 
during daytime (P=0.55) and BQ category 2 on daytime 
somnolence (P=0.51). Recently the performance of SBQ 
was found to be different in men vs. women with type 2 
diabetes mellitus (32): the sensitivity to identify men with 
AHI ≥15 was 74% with a specificity of 56%, while for 
women, the sensitivity reached only 29% with a specificity 
of 82%. The risk of OSA brought by male sex (or protective 
effect of female sex) is not proportionally reflected in the 
SBQ. Another important predictive in director is NPV 
which can be used to rule out patients with very little chance 
of moderate-to-severe OSA and to prioritize patients for 
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further testing. In the study, at the cut-off as AHI of 15/h,  
the NPV of SBQ was 0.9: That means if subject’s SBQ 
score <3, the probability of AHI <15 is 0.9; at the cut-off as 
AHI of 30/h, the NPV of SBQ was 1.0: that means if your 
SBQ score <3, the probability of AHI <30 is 1.0.

Another two important sleep related questionnaires are 
Pittsburgh Sleep Quality Index and Epworth Sleep Scale 
questionnaires. In Simone Scarlata’ study, PSQI was not 
helpful in the pre-polysomnographic assessment of people 
with suspected OSAHS. ESS was significantly, but weakly, 
correlated with the AHI (AHI vs. ESS: R=0.308; P<0.001), 
whereas PSQI was not (R=0.037; P=0.581). Both PSQI 
and ESS performed unsatisfactorily: sensitivity 37.8% and 
69.7%; Specificity 76.1% and 31.0% as AHI ≥5 (33). And 
the PSQI and ESS should no longer be used as a screening 
or diagnostic instrument for the four PSG-defined sleep 
disorders, especially in a low-risk population (34). Although 
in our study, patients were not evaluated with PSQI and 
ESS, hypersomnolence was considered as a variable or 
confounding factor which is known to influence the accuracy 
of screening questionnaires in a relevant manner. There are 
too many facets influencing the somnolence that might be 
an important reason for uncertainty about the accuracy or 
clinical utility of all potential screening tools (35).

In our study, 2007 AASM criteria were used for OSA 
scoring criteria. Apneas were defined as a 90% reduction 
in airflow for at least 10 s, and hypopneas were defined 
as a 30% reduction in airflow for at least 10 s with an 
oxyhemoglobin desaturation of either 3% [2012 AASM 
criteria (36)] or 4% [2007 AASM criteria (21)]. 2007 AASM 
criteria are known to be the most restrictive and least 
inclusive of the various published criteria. That is to say, 
non-OSA group could include OSA patients, asthmatic 
population could have a higher prevalence of OSA. In term 
of predictive performance of screening questionnaires, 
restrictive OSA scoring criteria might increase the 
sensitivity and decrease the specificity.

An important risk factor of OSA in asthma patients is 
rhinitis which acts as a bidirectional catalysator within the 
interaction of OSA and asthma. Nasal obstruction could be 
considered as one of most contributing factors. That is one 
of the reasons why asthma population has a higher OSA 
mortality. Recent a meta-analysis showed that patients who 
received intranasal corticosteroid therapy had a significant 
improvement in OSA although bias and heterogeneity 
of the selected RCTs existed (37). Both immunoglobulin  
E-mediated and irritant-induced inflammation in either 
airway location play a significant role in the OSA, rhinitis 

and asthma (38). Recent a population-based study has 
indicated that a history of allergic rhinitis is associated 
with increased risk of SDB in the elderly (39). In the study, 
rhinitis was associated with the increasing AHI and was 
an independent risk factor of OSA in asthma population 
(OR =1.665, 95% CI: 1.038–2.671, P=0.035; adjusted  
OR =3.080, 95% CI: 1.066–8.901, P=0.038). Further 
rhinitis treatment could be recommended to these asthma, 
OSA and rhinitis comorbidities patients.

Recent studies have suggested that the systemic and 
inhaled corticosteroid therapy on the pharyngeal airway 
could have a long-term impact on OSA risk and other UAW 
functions. A population-based cohort study in Taiwan showed 
that the risk of OSA is proportional to asthma control 
and patients with inhaled steroid treatment have a higher 
risk for OSA than those without steroid treatment (40).  
16-week high dose FP treatment elicited Pcrit changes in 
healthy subjects with well-controlled asthma and stiff upper 
airways (41). In our study, inhaled glucocorticoids dose 
were slightly higher (=0.044) in the OSA group and the 
proportion of using ICS was higher but without statistical 
significance (P=0.315). The glucocorticoids effect on the 
pharyngeal airway includes two facets: dose and duration. 
However, in the clinical practice, the actual count of 
used medication is only followed in medical records and 
clinical studies. It was extremely difficult to quantify the 
glucocorticoids effect as a whole. 

 Asthma can induce OSA occurrence and development 
directly or indirectly and OSA could aggravate asthma 
reciprocally. Repeated episodes of upper airway obstruction 
during sleep lead to intermittent hypoxia and reoxygenation 
which could lead to local and systemic inflammation. 
Obviously, high levels of systemic inflammatory markers, 
such as TNF-α, C-reactive protein (CRP), and interleukin-6 
(IL-6), could predispose to asthma and increased the risk 
of acute or sudden-onset fatal asthma exacerbations (42). 
The association among OSA/obesity, GERD, underlying 
asthma and a complex interplay of transcription factors, 
such as T cells, macrophages, neutrophils, and endothelial 
cells determine the degree of airway inflammation and the 
severity of airway and vascular inflammatory processes (43).  
Gastroesophageal reflux disease (GERD) is another 
indispensable link between OSA and asthma. Upper airway 
obstruction can predispose to retrograde movement of 
gastric contents and induce acid reflux which plays a role in 
triggering asthma symptoms. OSA was associated with an 
increased risk of Barrett’s Esophagus, potentially through 
BMI and GERD independent mechanisms (44). The 
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potential mechanisms involving how GERD trigger asthma 
are micro-aspiration, acid stimulation of the oesophagus and 
vagal nerve stimulation. However, the association among 
these three conditions remains complex.

The limitation of present study is the asthma subjects 
were enrolled from respiratory clinic not from population-
based community and majority of them were mild and 
moderate grades, and non-obese population, our conclusion 
could be extended to these asthmatic populations only. And 
during the whole study, clinical characteristics and asthma 
functional characteristics were based on patients’ subjective 
reports and medical record. There were a small number of 
subjects enrolled in the study.

Conclusions

In the study, we studied the predictive performance of BQ 
and SBQ in asthmatic population. Although there were 
many limitations in our research, SBQ could be used as 
a screening tool for detecting moderate and severe OSA 
in asthma patients which should be validated in larger 
population sample. There is an urgent need for clinical 
investigations of early and periodic detection of OSA among 
asthma populations.
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Table S1 Characteristics of patients who were enrolled or removed in the study

Variables All patients (n=229) Enrolled patients (n=123) Removed patients (n=106) P value

Men/Total 140/229 71/123 69/106 0.254

Age (years) 47.21±15.84 47.56±12.12 46.79±19.25 0.724

BMI (kg/m2) 26.30±3.08 26.42±2.99 26.15±3.19 0.507

Neck circumference (cm) 36.38±3.50 36.27±2.97 36.51±4.02 0.612

Asthma onset age 15.82±8.58 16.43±7.80 15.10±9.35 0.244

Regular medical control of asthma 163 (71.18%) 81 (66.1%) 82 (77.36%) 0.055

Using ICS 123 (53.71%) 62 (50%) 61 (57.55%) 0.280

Inhaled glucocorticoids, equivalent doses of 
budesonide (mcg/day)

362.67±109.24 361.29±122.69 361.97±108.02 0.196

Asthma grade 0.053*

Mild 98 (42.79%) 61 (49.59%) 37 (34.91%)

Moderate 110 (48.03%) 54 (43.9%) 56 (52.83%)

Severe 21 (9.17%) 8 (6.5%) 13 (12.26%)

In asthma exacerbation within past 6 months 27/229 0/123 27/106 0.000*

Data represent as mean ± SD or number (%). *, P<0.05 for comparison with “Removed patients” (independent sample t-test or Mann-
Whitney rank sum test and Chi-square test or Fisher’s exact tests for two samples testing). BMI, body mass index, BMI = Weight (Kg) ÷ 
Height2 (m2); ICS, inhaled corticosteroids.

Figure S1 ROC curves for BQ and SBQ as AHI =5, 15 and 30. (A) ROC curves for BQ as AHI =5 (AUC =0.74); (B) ROC curves for BQ 
as AHI =15 (AUC =0.83); (C) ROC curves for BQ as AHI =30 (AUC =0.82); (D) ROC curves for SBQ as AHI =5 (AUC =0.91); (E) ROC 
curves for SBQ as AHI =15 (AUC =0.86); (F) ROC curves for SBQ as AHI =30 (AUC =0.92).
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