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Abstract

The aim of this study was to assess the utility of the Berlin questionnaire

(BQ) in adult patients at high risk of obstructive sleep apnea (OSA). The

study consisted of 64 patients recruited for the polysomnography

diagnostics of sleep respiratory disturbances. The anthropometric assess-

ment included body weight, height, and body mass index (BMI), all related

to the risk of OSA. The BQ consisted of the following three categories:

1 – snoring, 2 – daytime somnolence, and 3 – hypertension. Sensitivity,

specificity, positive predictive value (PPV), and negative predictive value

(NPV) were evaluated. Likelihood ratio was used to assess the diagnostic

accuracy. We found that patients were, on average obese; the mean BMI

amounted to 31.9 � 6.0 kg/m2. Polysomnography identified OSA in

73.4% of patients (AHI >5), where the BQ categorized 87.5% of patients

at high risk of OSA. Sensitivity of the BQ was 87.2%, specificity 11.8%,

PPV 73.2%, and NPV 25.0%. Diagnostic accuracy assessed by the likeli-

hood ratio had a value of 1.00. The BQ had a false discovery rate of 31.2%

and misclassification rate of 32.8%. We conclude that the BQ is a sensi-

tive tool that should be used in clinical settings in which the benefit of high

sensitivity outweighs the disadvantage of low specificity.
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1 Introduction

Obstructive sleep apnea (OSA) is a condition

which typically requires lengthy and complex

polysomnographic diagnostics (AASM 1999).

The apnea-hypopnea index (AHI) forms the

basis for the diagnosis and stratifies patients

into mild (5.0–14.9), moderate (15.0–29.9), or

severe (�30.0) apnea-hypopnea events taking

longer than 10 s per hour of sleep (Foster et al.

2009). The Berlin questionnaire (BQ) is a screen-

ing tool that captures OSA symptoms to identify

patients at high risk of OSA (Enciso and Clark

2011) before going through a polysomnographic

examination. It consists of 11 items that include

such factors as snoring, wake-time sleepiness,

fatigue, obesity, and elevated blood pressure

(Ahmadi et al. 2008). The BQ is thought of as a

suitable substitute for polysomnography that is

uncomfortable for patients and pricey for

healthcare services. Screening approaches, like

rapid tests and questionnaires, are often used to

facilitate clinicians’ decisions of whether to sub-

ject a patient to more complex or invasive diag-

nostic procedures.

Clinical utility of the BQ has been recently

questioned (Cowan et al. 2014; Iber et al. 2007).

Therefore, in the present study we set out to

assess the utility of this questionnaire in adult

patients at high risk of OSA.

2 Methods

2.1 Study Population

The experimental protocol was approved by the

Bioethics Committee of Poznan University of

Medical Sciences. The study was performed in

accordance with the Helsinki Declaration for

Human Research. Written informed consent

was obtained from all the subjects who agreed

to participate in the study.

One hundred fifty three patients were

screened due to a suspicion of OSA symptoms.

Of that group, we qualified 64 individuals for

admission to the Department of Pulmonology,

Allergology and Respiratory Oncology at the

Poznan University of Medical Sciences in Poland

for the diagnostics of sleep-related respiratory

disturbances. Patients were included in the

study if they were over 18 years of age, had

symptoms of OSA, were willing to participate

in the study, and were on a habitual diet during

the period of examination. The exclusion criteria

included: pregnancy or lactation, cancer (exclud-

ing curatively treated with no evidence of disease

for 5 years), severe liver and kidney diseases, and

the diagnosed cardiovascular diseases such as

myocardial infarct, stroke, or angina pectoris.

Any active drug abuse, legal incompetence,

and limited legal incompetence were addi-

tional exclusion criteria. Medical history,

comorbidities, concomitant medications were

recorded in the electronic database.

2.2 Assessment of Obstructive Sleep
Apnea

Overnight polysomnography was used as a

standard method for OSA diagnosis (Embla

4500; Beth Israel Deaconess Medical, Boston,

MA). The recommendations of the American

Academy of Sleep Medicine (AASM) (Oku and

Okada 2008) regarding filters, sample signal

rates, and configuration were followed. A respi-

ratory flow trace was provided via a nasal can-

nula equipped with a thermistor. The thoraco-

abdominal motion was recorded with
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piezoelectric bands. Oxygen saturation was

measured with a pulse oximeter. Apnea was

defined as a cessation of airflow for at least 10 s

and hypopnea as an at least 80% reduction in

airflow amplitude for at least 10 s (Sert

Kuniyoshi et al. 2011). The AHI was defined as

the total apneas plus hypopneas during total time

asleep, divided by the number of hours asleep.

The BQ consists of three categories (category

1 – snoring, category 2 – daytime somnolence,

category 3 – hypertension and body mass index

(BMI)); all related to the risk of having sleep

apnea. The BQ score was assessed based on the

responses to ten questions from the three

categories. Scores from the first and second cate-

gory were assessed positively if the patient

indicated frequent symptoms (>3–4 times/

week). The score from the third category was

positively evaluated when a history of hyperten-

sion or BMI >30 kg/m2 was reported. If patients

had a positive score in two or more categories,

they were classified as being at high-risk for

OSA. If only one or none category was scored

positively, patients were classified being at

low-risk (Cole 1990). Polysomnography and

BQ were administered at the patient’s first visit

in the clinic.

Blood pressure (BP) was measured with a

digital electronic tensiometer (Omron, Kyoto,

Japan) after a resting period of 10 min. The

mean of three consecutive measurements

performed in the non-dominant arm at 3-min

intervals was taken as the end-result. Regular or

large adult cuffs were used, depending on the

arm circumference of patients. BP measurements

were performed in accordance with the

guidelines of the European Society of Hyperten-

sion (Mancia et al. 2014).

2.3 Assessment of Covariates

Data on age, sex, smoking, educational status,

and anthropometry were collected at the time of

enrollment in the study using study-specific data

collection tools. Anthropometric assessments

included the measurement of weight and height.

Weight was measured in light clothes without

shoes and recorded to the nearest 100 g. Height

was assessed in a similar manner to the nearest

1 cm. BMI was calculated to determine the

degree of obesity (Netzer et al. 1999).

2.4 Statistical Analysis

Continuous variables were described as means

�SD, while categorical variables were described

as percentages. Sensitivity, specificity, positive

predictive value (PPV), and negative predictive

value (NPV) were evaluated. The likelihood ratio

was used to assess the diagnostic accuracy. A

p-value of less than 0.05 defined statistically

significant changes All analysis were performed

using SAS(R) 9.4 (Enterprise guide 6.1).

3 Results

The mean age of study participants was

56.6 � 10.6 years and the mean BMI of

31.9 � 6.1 kg/m2 pointed to the prevailing obe-

sity. Over 60% of subjects were smokers, and

more than 50% had high school education

(Table 1).

Polysomnography identified 73.4% of the

patients as having OSA (AHI >5), while the

Table 1 Basic characteristics of studied patients

(n ¼ 64)

Parameter Value

Age (years) 56.6 � 10.6

BMI (kg/m2) 31.9 � 6.1

Smokers (%) 64.9

Education (%)

Primary school 15.6

High school 54.7

University degree 29.7

AHI (events/h) 25.2 � 22.7

SBP (mmHg) 126.9 � 14.9

DBP (mmHg) 78.9 � 8.4

BMI body mass index, AHI apnea/hypopnea index: nor-

mal (<5.0), mild (5.0–14.9), moderate (15.0–29.9), and

severe (�30.0 events per hour), SBP systolic blood pres-

sure, DBP diastolic blood pressure
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BQ categorized 87.5% of the patients as of high

risk for OSA. There was no significant difference

in the mean BMI value between OSA and

non-OSA subjects identified according to the

AHI value. However, BMI of subjects identified

by the BQ as OSA was significantly higher than

that of non-OSA subjects (Table 2). Moreover, a

higher number of patients with OSA were

identified by the BQ as hypertensive in compari-

son to the standard blood pressure measurement

(Fig. 1).

Sensitivity of the BQ was 87.2%, specificity

was 11.8%, positive predictive value (PPV) was

73.2%, and a negative predictive value (NPV)

was 25.0%. Diagnostic accuracy assessed by the

likelihood ratio had a value of 1.0. The BQ

provided a false discovery rate of 31.2% and a

misclassification rate of 32.8% (Table 3).

4 Discussion

This study demonstrates that the BQ has a high

sensitivity but low specificity and low positive

predictive value. Moreover, BQ has a high

misclassification rate and its diagnostic accuracy

is no different than a random chance. Our

findings corroborate the results of Netzer et al.

(1999) concerning the sensitivity of BQ, but not

specificity, positive predictive value, and the

likelihood ratio, all of which were greater in

Table 2 Body mass index in patients with obstructive

sleep apnea (OSA) vs. non-OSA identified by apnea-

hypopnea index (AHI) and Berlin questionnaire (BQ)

Assessment Tool

BMI (kg/m2)

OSA Non-OSA

AHI 31.8 � 6.2 30.3 � 6.4

BQ 32.1 � 6.3* 26.3 � 2.1

*p < 0.05 for th difference between OSA – non-OSA
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Fig. 1 Objectively and

subjectively assessed

hypertension status in

obstructive sleep apnea

(OSA) patients; BP blood

pressure

Table 3 Performance of Berlin questionnaire against the

gold standard polysomnography in the identification of

patients at risk of obstructive sleep apnea (OSA)

Berlin questionnaire

OSA (n)

TotalPositive Negative

Positive 41 (TP) 15 (FP) 56

Negative 6 (FN) 2 (TN) 8

Total 47 17 64

Sensitivity (%) 87.2 (74.5–95.2)

Specificity (%) 11.8 (1.5–36.4)

PPV (%) 73.2 (59.7–84.2)

NPV (%) 25.0 (3.2–65.1)

LR 1.0

TP true positive, FP false positive, FN false negative,

TN true negative, PPV positive predictive value, NPV
negative predictive value, LR likelihood ratio, Percent-

age values are medians with 95% lower and upper confi-

dence intervals
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high risk patients in the study of those authors,

amounting to 77%, 87%, and 3.2, respectively.

In general, BQ has expectedly high sensitiv-

ity, as this tool has been developed for

identifying high risk patients at the primary care

level. However, low specificity and high

misclassification rate suggest that BQ has a low

discriminatory power and its utility is no differ-

ent than the judgement of clinicians (Cowan et al.

2014; Sert Kuniyoshi et al. 2011). The present

findings also support earlier studies showing that

the BQ is of limited utility in specialized clinics

(Ahmadi et al. 2008). Currently, clinicians look

for a simple questionnaire that may be used as a

tool to determine the risk of OSA syndrome and

to predict the possible perioperative respiratory

complications. The latter may improve clinical

outcome when anesthesia and surgery are

required (Gokay et al. 2016). The data from

recently published systematic review suggest

that the BQ is a questionnaire that enables to

risk stratify patients for peri- and postoperative

complications. However, testing of BQ is still

required with a focus on specific surgery types,

adjusted for potentially confounding factors

(Dimitrov and Macavei 2016). A higher score

of BQ in specific groups of patients after stroke

or transient ischemic attack indicates that this

tool is but moderately predictive for OSA exclu-

sion (Boulos et al. 2016). It patients suffering

from type 2 diabetes, BQ fails to identify 31%

of patients with moderate-to-severe OSA,

preventing such patients from receiving correct

diagnosis and treatment. However, BQ may be

suboptimal when OSA screening is done with

home sleep monitoring devices (Westlake et al.

2016). An evaluation of BQ in Iranian patients

with AHI >5 shows its sensitivity and specificity

for OSA diagnosis as 77.3% and 23.1%, respec-

tively, PPV of 68.0%, and NPV of 22.0%

(Khaledi-Paveh et al. 2016), which is akin to

present findings in the Polish population. The

BQ has also been tested in Portuguese patients

in whom it shows an acceptable reliability, but

after excluding the following two questions: ‘Has

anyone noticed that you stop breathing during

your sleep?’ and ‘Have you ever dozed off or

fallen asleep while driving?’ (Silva et al. 2016).

Arunsurat et al. (2016) have assumed that the BQ

may be useful as an OSA screening tool for the

Thai or Asian populations after some

adjustments. In addition, there is an apparent

paucity of BQ testing in population samples

comprising women and individuals of a low edu-

cational level (Silva et al. 2016). Interestingly,

Gupta et al. (2016), in view of the unavailability

of any screening tool for OSA in Hindi, have

undertaken an attempt to explore the validity of

a Hindi version of BQ, irrespective of the literacy

status of subjects. The results have demonstrated

sensitivity of 89%, specificity of 58%, PPV of

87%, and NPV of 63%, which supports the role

of BQ as a valid tool for OSA screening OSA in

that population. There is also a need to use sim-

ple tools for OSA screening in Africa, where the

awareness of OSA is poor and its incidence is

underreported, despite a high prevalence of

symptoms (Desalu et al. 2016).

The current practice model of screening and

assessment for OSA in primary care seems

fragmented and ineffective (Miller and Berger

2016). Primary care providers encounter

patients with OSA symptoms but do not rou-

tinely screen, assess, or refer to a sleep special-

ist. The present study contributes to the existing

evidence that the BQ is not a reliable instrument

to discriminate between high and low risk

patients. Therefore, professionals should be

exercised in the knowledge of using the BQ

for mass screening since this tool is neither

a perfect substitute to polysomnography in

diagnosing OSA and predicting its course nor

is it of perfect research utility as its application

should be addressed to specific populations. In

addition, since one-third of the score is assigned

to hypertension or obesity, the misclassification

of OSA cases among hypertensive and obese

patients might be high. A low accuracy of BQ

in identifying OSA patients has been confirmed

by Margallo et al. (2014) in a large cohort of

resistant hypertensive patients. Thurtell et al.

(2011) have validated the BQ as a screening

tool for OSA in idiopathic intracranial hyper-

tension patients and found that only a low-risk

Clinical Utility of Berlin Questionnaire in Comparison to Polysomnography in. . .



BQ score identifies such hypertensive patients

who are unlikely to have OSA. Therefore, other

protocols need to be developed to improve diag-

nostic accuracy in such patients.

In conclusion, the BQ is a sensitive tool that

should be used in the setting in which the benefits

of high sensitivity outweigh the disadvantage of

low specificity. Further research is needed to

improve specificity and accuracy of screening

tools for OSA.
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