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ABSTRACT

Background: Obstructive sleep apnea (OSA) is a common but
usually under-diagnosed sleep disorder. Objective diagnosis is
based on polysomnography, which is an expensive test. We assessed
the reliability and diagnostic accuracy of the Berlin questionnaire (BQ)
in diagnosis of OSA in Iranian sleep clinic patients.

Methods: A cross-sectional linguistic validation study was conducted
on consecutive Iranian patients with Persian language attending one
sleep clinic in Isfahan (Iran) were studied. Patients completed the
Persian BQ (contains 10 questions in 3 categories), developed by
forward-backward translation method. The patients underwent an
overnight polysomnographic study at the clinic. Apneas/hypopnea
index of >5/Hour was considered for diagnosis of OSA.

Results: One hundred and fifty seven patients (55.4% male, mean
age = 52.3 + 13.6 years) were evaluated. Sleep study confirmed OSA
diagnosis in 91.7% of the studied patients. The reliability analysis of the
BQ categories showed alpha Cronbach’ as 0.70 and 0.50 for category 1
and category 2, respectively. BQ categories 1-3 were positive respectively
in 88.5%, 67.5%, and 66.9% of the patients. The BQ and sleep study were
in agreement for 82.1% of the cases. The sensitivity, specificity, positive
and negative predictive values, and positive, and negative likelihood ratio
of the BQ were calculated as 84.0%, 61.5%, 96.0%, 25.8%, 2.18%, and
0.26% respectively.

Conclusions: BQ is useful as a screening test for diagnosing OSA in
Iranian patients with sleep complaints; however, the test cannot be
used for rolling out the OSA. Further studies on editing, modifying,
and applying the BQ in a larger sample of patients are warranted in our
society.

Keywords: Apnea hypopnea index, Berlin questionnaire, obstructive
sleep apnea, Persian version of Berlin questionnaire, reliability and
validity

INTRODUCTION

Obstructive sleep apnea (OSA) is a common sleep disorder
with the prevalence of about 5% in Iranian population. It is well
known as an independent risk-factor for serious cardiovascular
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related diseases, including systemic hypertension,
coronary artery disease, stroke, and pulmonary
hypertension.*” Moreover, it has economic impacts
on societies by increasing the daytime sleepiness,
leading to car accidents and work disability.?#!

Diagnosis of OSA is complex, and it is
under-diagnosed most of the times, especially
by primary care physicians who regularly visit
the patients;® about 75% of even severe OSA
patients are diagnosed.!'” Therefore, a sensitive
and inexpensive test is required to diagnose OSA.
Currently, polysomnography is the gold standard
tool for diagnosis of OSA; however, because of
its expensiveness and the limitations of its access
it cannot be used regularly as the screening test.!'!
Recently, a systematic review compared different
instruments’ accuracies and showed the Wisconsin
and the Berlin questionnaire (BQ) to have the highest
sensitivity and specificity, respectively.''é The BQ
is an instrument, which can indicate the presence
of sleep apnea by addressing the presence and
frequency of snoring behavior, wake time sleepiness
or fatigue, and history of obesity or hypertension.!'?
The questionnaire has demonstrated the Cronbach’s
correlations of 0.86-0.92 with sensitivity of 86%,
specificity of 77%, positive predictive value (PPV)
of 89%, negative predictive value (NPV) of 72%,
and a likelihood ratio of 3.79.012

With more than 400 citations, BQ is one of the
most applied instruments for screening patients for
OSA and is translated and validated in different
populations.!3 To the best of our knowledge, there
is no report to evaluate the validity and reliability
of the Persian version of the BQ. Therefore, the
aim of this study was to assess the reliability and
diagnostic accuracy of the Persian version of the
BQ in diagnosis of OSA in Iranian sleep clinic
patients.

METHODS

Translation process

At first, the translation and back translation of
the original version of the Berlin sleep questionnaire
were conducted. Back translation was reviewed by
two pulmonologist in order to achieve a modified
version of the original copy. Then one translator
and one researcher checked and agreed upon the
provided version of the Berlin sleep questionnaire
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as a representative of the original version in terms
of wording and content.

Patients and settings

A cross-sectional linguistic validation study
was conducted on consecutive Iranian patients
with Persian language attending the Bamdad Sleep
Clinic in Isfahan (Iran) during the period, from
September 2010 through October 2011. Patients
with history of chronic anxiolytic/sedative drug
use, those with renal, hepatic, cardiovascular or
associated respiratory diseases, or upper respiratory
tract infections within the past 4 weeks, as well
as those who were critically ill or pregnant were
excluded from the study. The study was approved
by the ethics committee of the Isfahan University of
Medical Sciences, and all patients signed an inform
consent before entering the study.

The polysomnographic study was scored
according to the American Academy of Sleep
Medicine guideline. Apneas/hypopnea was scored
when the baseline amplitude of respiration reduced
50% or more, or oxygen saturation reduces for at
least 3%, either lasting for a minimum of 10 s. An
apneas/hypopnea index (AHI) of >5 was considered
for diagnosis of OSA and respiratory disturbance
index (RDI) 215 indicating sleep-disordered
breathing (SDB).!'4

Data collection

Data on demographic characteristics, (including
age and gender) and weight and height were
collected from patients’ documents files. Patients
completed the BQ, which contains 10questions
in 3 categories; 1% category includes five items
on snoring, 2™ category includes three items on
daytime somnolence, and the 3" category includes
two items on the history of hypertension and/or
body mass index (BMI) >30 kg/m?2. Illiterate and
low-educated patients filled out the questionnaire
with the assistance of an investigator. Having
high-risk sleep apnea was considered if scores were
positive on two or more of the three categories
and those who identified as low-risk of having
sleep apnea had positive scores on less than two
categories. Pilot study was performed on 10 patients
to examine the clearance of the questionnaire.

The patients underwent an  overnight
polysomnographic study at the clinic. All the
patients had more than 90% effective sleep.
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Statistical analysis

Data were analyzed using the SPSS software for
windows version 16.0. Reliability of the Persian
BQ was assessed with Cronbach’s alpha of each
category. Predictive parameters of the BQ, and its
categories, (including sensitivity, specificity, PPV,
and NPV were calculated by considering AHI > 5
as the gold standard.

RESULTS

One hundred and fifty seven patients (55.4%
male) with ages between 16 years and
89 years (52.3 £ 13.6 years) were evaluated in the
sleep clinic during the study. Studied population
characteristics are presented in Table 1. Sleep study
confirmed OSA diagnosis in 91.7% of the studied
patients. RDI was available for 129 patients in whom
88.3% had RDI > 15 indicating SDB. BQ categories
1-3 were positive respectively in 88.5%, 67.5%, and
66.9% of the patients.

BQ performance

The reliability analysis of the BQ categories
showed alpha Cronbach’s as 0.70 and 0.50 for
category 1 and category 2, respectively. Descriptive
scale analysis of the 2" category showed that item 9
has an item-total correlation of 0.213 and increased
the alpha to 0.552 if item deleted

The BQ and AHI were in agreement for 82.1% of
the cases. The BQ identified 80.3% (n = 126) of the
patients as being in the high-risk group for OSA. In
subjects with a high-risk score, OSA diagnosis was
confirmed by sleep study in 96.0% (PPV, n = 121).
Mild, moderate, and severe OSA based on sleep
study was present in 20.6%, 23.8%, and 51.5% of
the patients in the high-risk group based on BQ. Of
the subjects in the low-risk group, 32.2%, 12.9%,
and 29.0% had mild, moderate, and severe OSA,
followed by those 25.8% (n = 8), in whom OSA was
excluded by sleep study NPV. Data regarding BQ in
comparison with RDI are also provided [Table 2].

The sensitivity and the specificity of the whole
BQ for OSA diagnosis with AHI > 5 were 84.0%
and 61.5%, respectively with PPV of 96.0%, NPV
of 25.8%, positive likelihood ratio of 2.18 and
negative likelihood ratio of 0.26. Considering
RDI > 5 as the standard, the sensitivity and the
specificity of the whole BQ were 81.7% and
100%, respectively [Table 3]. The BQ sensitivity
and specificity were respectively as 82.1% and
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Table 1: General population characteristics

Age, year (Mean+SD) 52.3%13.6
Male/female, n (%) 87 (55.4)/70 (44.6)
BMI, kg/m? 31.5£6.0
BMI >30, n (%) 91 (58.0)
AHI, events/h 37.8%£30.8
<5, n (%) 13 (8.3)
5to <15, n (%) 36 (22.9)
15 to <30, n (%) 34 (21.7)
230, n (%) 74 (47.1)
RDI, events/h* 46.7+£28.5
<5, n (%) 3(2.3)
5to <15, n (%) 12 (9.3)
15 to <30, n (%) 32 (24.8)
230, n (%) 82 (63.6)
Berlin questionnaire

Category 1, n (%) 139 (88.5)

Category 2, n (%) 106 (67.5)

Category 3, n (%) 105 (66.9)

BMI=Body mass index, AHI: Apnea/hypopnea index,
RDI=Respiratory disturbance index,*Missing data, n=28

Table 2: Relationship between Berlin questionnaire score
and Apnea/hypopnea index

Variables Low risk High risk
n=31 (26)* n=126 (103)*

AHI/RDI*,

events/h

<5, n (%) 8(25.8)/3 (11.5) 5(0.03)/0

5to <15, n (%)
15 to <30, n (%)
230, n (%)

10 (32.2)/7 (26.9) 26 (20.6)/5 (4.8)
4(12.9)/6 (23.0) 30 (23.8)/26 (25.2)
9(29.0)/10 (38.4) 65 (51.5)/72 (69.9)

AHI=Apnea/hypopnea index, RDI=Respiratory
disturbance index,*Missing data, n=28

Table 3: Predictive parameters of the Berlin questionnaire

Variables AHI/RDI>5 AHI/RDI>15 AHI/RDI>30
Sensitivity, %  84.0/81.7 87.9/85.9 87.8/87.8
Specificity, %  61.5/100 36.7/66.6 26.5/34.0
PPV, % 96.0/100 75.3/95.1 51.5/69.9
NPV, % 25.8/11.5 58.0/38.4 70.9/61.5

AHI=Apnea/hipopnea index, NPV=Negative predictive
value, PPV=Positive predictive value, RDI=Respiratory
disturbance index

100% in men and 86.6% and 50% in women. For
category 1, the sensitivity and specificity were 91.6%
and 46.1%, and for category 2 they were 68.0% and
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38.4%, respectively. In 67.5% of the cases, the two
categories were in agreement

DISCUSSIONS

Our study was aimed to evaluate the validity
and reliability of the Persian version of the BQ in
Iranian patients attending to sleep on clinic. The
questionnaire reliability was appropriate for the
first category (Cronbach’s alpha, 0.70), but was not
appropriate for the second category (Cronbach’s
alpha, 0.50). It might be due to (1) translation and
scoring errors and/or (2) the ninth item, (which is
about nodding off or falling asleep while driving
a vehicle), as far as the old population admitted
to the sleep clinic did not drive regularly, and
thus, this question was not appropriate to evaluate
their daytime sleepiness. Indeed the item-scale
correlation of this item was not appropriate and its
deletion increased the internal consistency of the
category, similar to the original study (from 0.63
to 0.86)."2 Furthermore, the strong homogeneity
of our studied patients could contribute to a low
alpha. However, as the second category reliability
is confirmed by the original study,'” and other
linguistic validation studies,'3 translation errors
should also be considered in our study.

Among our study population that more than
90% of them were diagnosed as high-risk for OSA,
the Persian BQ had acceptable sensitivity of 84%
and PPV of 96%, however, specificity of 61.5% and
NPV of 25.8% for diagnosing OSA with AHI > 5 as
the gold standard. Predictive parameters of BQ have
been very different in previous studies. Regarding
the studies conducted on patients without history/
complaints of sleep disorders, the original study
in primary care setting found a sensitivity of
86%, specificity of 77%, PPV of 88%, and NPV
of 72% against RDI > 5[ and another study in
preoperative surgical patients showed a sensitivity
of 68.9% and specificity of 56.4% (PPV 779%
and NPV 44.9%).0" Furthermore, a Norwegian
population-based study found a sensitivity and
specificity of 37.2% and 84.0%, respectively (PPV
61.3% and NPV 66.2%) against AHI > 5.U¢
With regard to the studies on patients with sleep
complaints, the Arabic BQ has a sensitivity of
97% and specificity of 90% (PPV 96% and NPV
93%) against AHI > 5!'¥ while the Portuguese BQ
showed sensitivity of 72.1% and specificity of
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50% (PPV 87.7% and NPV 26.7%) against AHI > 5
in respiratory/sleep clinic patients!!”? Ahmadi et al.,
with retrospective chart review study of sleep clinic
patients, found a sensitivity of 68% and specificity of
46% (PPV 48% and NPV 65%) against RDI > 100!
Among patients with cardiovascular problems, BQ
showed a sensitivity of 68% to 70% and specificity
of 34% to 48% (PPV 56-68% and NPV 50-64%)
against AHI > 5.0'2% These differences may be
due to differences in studied population and
the factors that may conflict with OSA sign and
symptoms, including complicated health conditions
of cardiovascular patients (that may cause sleep
disturbances), and also patients underling diseases
such as hypertension and obesity. Difference
between studies regarding the gold standard, RDI
versus AHI, is also of great importance in this
regard as the RDI is more broaden than the AHI.

Other factors that may affect the accuracy
of BQ in diagnosing OSA are suggested as age,
BMI, underling disease and the capability of the
individuals to works. For example, among the young
nurses for RDI > 5 the validity parameters for BQ
would be weaker than other populations, it seems to
be due to lower prevalence rates of sleep apnea in
this population. Moreover, the nurses expect to have
poorer sleep quality because of their job situations.
So this may affect their response to self-administered
screening tests (BQ).?!! Other study demonstrated
the sensitivity of 76.7% and specificity of 39.3% at a
cut-off of AHI > 15, and lower accuracy of the test in
older individuals, women (as our data confirm that
as well) and patients with hypertension.*” This was
similar to our findings that the accuracy of BQ was
better among men and women; however, the original
study did not confirm a gender effect.'”) Regarding
the BMI, the Arabian study, in which the participants
were more obese than in our study (mean BMI of
41.2) found better predictive values, as the BMI is
included in the third category of the BQ.!'

According to our study, and similar to some other
reports,!'822 separate analysis of the BQ categories
showed better sensitivity and specificity for the first
versus the second category. Furthermore, Sharma
et al. modified the item nine in the 2™ category
and found higher sensitivity of 85% and
specificity of 95% (PPV 96% and NPV 81%) for
AHI > 5.12% According to these results, it seems that
this item needs modification and further studies
are warranted in this regard.
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There are some limitations to our study. The
possibility of errors in translation may have effects
on predictive values of the Persian BQ. Furthermore,
our study sample was very homogenous and not large
enough as there were only 13 cases that had not OSA
based on sleep study. Therefore, further studies on
editing, modifying, and applying the BQ in a larger
sample of patients are warranted in our society.

CONCLUSIONS

According to high sensitivity and PPV of the
test, the Persian BQ is useful as a screening test for
diagnosing OSA in patients with sleep complaints.
However, the test has very low specificity and
NPV and thus, cannot be used for rolling out OSA
among such patients. Further studies on editing,
modifying, and applying the BQ in a larger sample
of patients are warranted in our society
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