Sleep Medicine Reviews 36 (2017) 116—124

journal homepage: www.elsevier.com/locate/smrv

Contents lists available at ScienceDirect

REVIEWS

Sleep Medicine Reviews

CLINICAL REVIEW

Validity of the Berlin questionnaire in detecting obstructive sleep @CmsMark
apnea: A systematic review and meta-analysis

Chamara V. Senaratna *°, Jennifer L. Perret * ¢, Melanie C. Matheson * ¢,
Caroline J. Lodge ¢, Adrian J. Lowe * ¢, Raisa Cassim * ¢, Melissa A. Russell * ¢,

John A. Burgess °, Garun S. Hamilton ¢ "# ™ Shyamali C. Dharmage

a, d, 1

2 School of Population and Global Health, The University of Melbourne, Melbourne, Australia

b Department of Community Medicine, University of Sri Jayewardenepura, Nugegoda, Sri Lanka
€ Institute for Breathing & Sleep (IBAS), Heidelberg, Melbourne, Victoria 3084, Australia

4 Murdoch Children's Research Institute, Parkville, VIC 3052, Australia

€ Department of Lung and Sleep Medicine, Monash Health, Clayton, Australia

f School of Clinical Sciences, Monash University, Clayton, Australia

& Monash Partners — Epworth, Melbourne, Australia

ARTICLE INFO

Article history:

Received 23 November 2016
Received in revised form

31 March 2017

Accepted 4 April 2017
Available online 8 April 2017

Keywords:

Berlin questionnaire (BQ)
Obstructive sleep apnea (OSA)
Screen

Validity

Validation

Diagnostic utility

Sensitivity

Specificity

Diagnostic odds ratio

SUMMARY

We aimed to systematically review the Berlin questionnaire as a screening tool for obstructive sleep
apnea. We systematically searched PubMed, Embase, and Scopus databases, reviewed articles reporting
the Berlin questionnaire's diagnostic utility as measured against type-1 polysomnography, and per-
formed meta-analyses where possible. Thirty five eligible articles showed that the Berlin questionnaire's
diagnostic utility varied by study population, definition of hypopnea used, and apnea-hypopnea index
threshold used. It had good sensitivity and specificity for detecting clinically relevant obstructive sleep
apnea as well as any obstructive sleep apnea in the sleep clinic population. Despite limited evidence, it
showed modest to high sensitivity for detecting clinically relevant obstructive sleep apnea or any
obstructive sleep apnea in other clinical and general population subgroups. Its specificity was relatively
low. Possible reasons for variability in reported diagnostic utility of the Berlin questionnaire are multi-
faceted. We conclude that the Berlin questionnaire is useful as a clinical screening test and epidemio-
logical tool in the sleep clinic population. Despite limited evidence, it likely has potential clinical and
research utility in other populations. Adopting more consistent methodological definitions and focussing
more on the general population and specific clinical populations to determine its usefulness as a clinical
or epidemiological screening tool are recommended.

© 2017 Published by Elsevier Ltd.

Introduction

Obstructive sleep apnea (OSA) is the most common phenotype
of the serious sleep-related breathing disorders [1]. Despite being
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of diagnostic accuracy studies-2.
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frequently underdiagnosed [2—4], its prevalence in the population
is high [5]. The prevalence of moderate to severe OSA is reported to
be 6%—17%, being as high as 49% with advanced age [5]. In various
populations and their subgroups the prevalence varies markedly by
age, sex, and body-mass index (BMI) of the respective population,
and the methods and definitions used in the diagnosis of OSA
[5-8].

OSA is diagnosed using various methods and diagnostic defini-
tions. The gold standard is laboratory-based, overnight, attended
polysomnography, i.e., the type 1 sleep study [9]. Sleep studies
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using portable instruments are also widely used. These include:
type 2 sleep studies that use the same parameters as type 1 but are
performed at the patient's home without an attending technician
and; type 3 and 4 sleep studies that record limited breathing-
related parameters [10]. Sleep studies using portable instruments
have variable sensitivity and specificity against the gold standard
for diagnosing OSA [11,12] and thus are not comparable with gold
standard measures for testing the sensitivity and specificity of
screening questionnaires. Although widely used in the diagnosis of
or screening for OSA, the utility of portable measures is the subject
of an ongoing discussion [9,11,13—15]. Sleep related breathing
events that indicate OSA are recorded in sleep studies as apnea
(breathing pauses lasting for at least ten seconds) and hypopnea
(reduction in respiratory airflow (without apnea) associated with
oxygen desaturation or arousal from sleep). A composite index of
these two measures, the apnea-hypopnea index (AHI), is used to
determine the presence or absence of OSA. Methods for measuring
airflow (relevant for accurately identifying hypopneas) are also
variable and have changed over time. It has been measured using
oro-nasal thermistors, inductive plethysmography, or nasal can-
nula/pressure transducer systems (where the latter is the preferred
and more sensitive method) [9]. The diagnostic AHI thresholds
used are arbitrary rather than evidence-based. Commonly used AHI
thresholds are >5 events/h, >15 events/h, and >30 events/h, which
(by consensus) indicate mild (AHI >5—15 events/h), moderate (AHI
>15—30 events/h), and severe (AHI >30 events/h) disease [16,17].
AHI >5 events/h is often reported in epidemiological studies [5],
although AHI of >15 events/h and >30 events/h are usually
considered clinically relevant (requiring treatment). However, AHI
>5 events/h is also considered clinically significant if accompanied
by symptoms such as excessive daytime sleepiness, non-restorative
sleep or substantial fatigue [17]. How hypopnea is defined has
changed serially over time. For example, successive versions of the
American Academy of Sleep Medicine (AASM) criteria have defined
hypopnea as a) >50% drop in airflow or a lower airflow reduction
with oxygen desaturation of >3% or an arousal [17]; b) >30%
reduction in nasal pressure signal plus >4% oxygen desaturation, or
¢) >50% reduction in nasal pressure signal plus >3% oxygen desa-
turation or an arousal [18]; and d) >30% reduction in airflow plus
>3% oxygen desaturation or an arousal [19]. Classification of a pa-
tient as having OSA or not is significantly influenced by the defi-
nition used for hypopnea [6,8,20].

Due to cost, human resources, and other logistics required, it is
difficult to offer gold standard polysomnography to everyone. In
addition, the use of polysomnography in large epidemiological
research studies is constrained by its cost and the logistics of
investigating a large number of participants around the same time.
This leads to difficulty in accurately assessing the prevalence of OSA
due to few studies using gold standard polysomnography [5]. A
suitable screening method is potentially advantageous to detect
those at high risk of OSA for subsequent assessment with poly-
somnography. Although some portable devices can also be used for
this purpose, cost and human resources required remain con-
straints for large studies.

Several questionnaires have been developed to detect those at
high risk of OSA [21]. These include the Berlin questionnaire, which
is a commonly used questionnaire in epidemiological and clinical
research with the highest number of validation studies [22].
Although its validity has been examined in a variety of populations,
the reported sensitivity and specificity varies from study to study.
The variability in diagnostic utility is probably in part due to dif-
ferences in the type of sleep study and the definitions used in the
reference standard. It is in this context that a scientific synthesis of
the current evidence related to the validity of this screening in-
strument is timely. A recent systematic review article [22]

compared the Berlin questionnaire with STOP, STOP-BANG, and
Epworth sleepiness scale questionnaires. However, this review
meta-analysed the estimates without regard to the heterogeneity
in the reference standard used, for example the variability in the
type of sleep study, variation in AHI cut-offs, or the hypopnea
definition. Furthermore, when an article included in the above re-
view reported the diagnostic utility of the Berlin questionnaire for
more than one AHI threshold, only the one with highest Youden's
index was included in the review, thereby not revealing the within-
study variation of the diagnostic utility of the Berlin questionnaire
at different AHI thresholds. To overcome these limitations in the
current literature, our aim was to systematically review, document
and attempt to explain the variability in the diagnostic utility of the
Berlin questionnaire as measured against the gold standard - type 1
polysomnography and different hypopnea definitions, and reported
for different AHI thresholds. An additional aim was to meta-analyse
its validity parameters only where possible.

Methodology
Berlin questionnaire

The Berlin questionnaire consists of ten questions plus infor-
mation on height and weight arranged in three categories: snoring
and cessation of breathing (category 1; five questions); symptoms
of excessive daytime sleepiness (Category 2; four questions); and
BMI and hypertension (category 3; one question and height and
weight information). Positive scores in 2 or more categories suggest
that the respondent has a high risk for OSA [23].

Search strategy

The final search was conducted on 20th November 2016, and we
searched three databases, namely, PubMed, Embase, and Scopus,
using search criteria shown in Table S1. Broadly, the search terms
addressed four aspects: OSA as a disease of interest, the Berlin
questionnaire as the index test, Type 1 sleep studies as the refer-
ence test, and measures of diagnostic utility (sensitivity, specificity,
predictive values, and likelihood ratios) as the validity parameters.
Only studies conducted among adults and published in English
were included.

Systematic search

Two authors (CS and RC) independently conducted the sys-
tematic search, screening of articles and selecting those eligible for
review, quality assessment of the selected articles, and data
extraction. When there were disputes, these were referred to a
third author (SD) for resolution.

Screening of articles

We removed the duplicates and screened the articles using titles
and abstracts to determine their eligibility for full article screening.
Further evaluation of full texts determined eligibility for inclusion
in the review and meta-analysis.

Eligibility criteria

We included all studies that investigated the validity of the
Berlin questionnaire and reported at least one of the chosen main
validity parameters i.e., sensitivity and/or specificity, or informa-
tion from which these could be derived. In addition, we included
those articles that reported the validity of the Berlin questionnaire
as a secondary outcome. Studies that had not reported the
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diagnostic utility of the Berlin questionnaire (or data that allowed
its derivation) were excluded.

Quality assessment of the selected articles

We used the quality assessment of diagnostic accuracy studies-2
(QUADAS-2) [24] criteria to assess the quality of the selected arti-
cles. This tool has been widely used to assess the quality of studies
reporting the validity of screening questionnaires. It has fourteen
items that assess four domains (patient selection, index test,
reference standard, and flow and timing of the tests) that appear
under two main categories (risk of bias and applicability judge-
ment). Each item is a question that is answered ‘yes’, ‘no’ or ‘un-
clear’, where ‘yes’ indicates a low risk of bias or low concerns of
applicability. For example, the items included in the ‘patient se-
lection’ domain of the ‘risk of bias’ category are: ‘was a consecutive
or random sample of patients enrolled?’; ‘was a case —control
design avoided?’; and ‘did the study avoid inappropriate exclu-
sions?’. The responses to these items do not generate a summary
score. Instead, if items in all domains have been answered ‘yes’ this
categorises the respective study as having low risk of bias or con-
cerns of applicability, and if one or more questions (domains) were
answered ‘no’ or ‘unclear’, the respective study is judged to be ‘at
risk of bias’ or as having ‘concerns regarding applicability’.

Data extraction

Data from the eligible articles were extracted to predefined ta-
bles. The extracted data included the name/s of author/s, year of
publication, study setting and country, nature of data collection
(prospective or retrospective), source population, size of the sample
used for the validation study, sampling method/s, age of the sample,
percentage of males in the sample, type of sleep study used as a
reference standard, the definitions used for apnea and hypopnea, the
number of participants in different AHI categories (AHI <5 events/h,
>5 events/h, >10 events/h, >15 events/h, and >30 events/h), and the
sensitivity/specificity/predictive values/likelihood ratios reported
for different AHI threshold levels. Some validity parameters were
calculated for the studies which did not report these, but provided
sufficient information to allow these parameters to be calculated.
The reported sensitivity, specificity, and the prediction values were
rounded off to zero decimal points and the likelihood ratios and the
diagnostic odds ratios to one decimal point (diagnostic odds ratio is
used to discriminate subjects with a given disorder from subjects
without it [25]). It is useful as a compound measure of diagnostic
utility (taking into account both the sensitivity and specificity) but
has the disadvantage of being unable to determine the true positive
and false positive rate separately. Its value ranges from 0 to infinity,
with higher values indicating better discriminatory ability of the
test. Several studies had reported an odds ratio as a validity
parameter, which is different from the diagnostic odds ratio. To be
consistent across studies, we re-calculated the diagnostic odds ratios
for all studies afresh using the following formula; diagnostic odds
ratio = (sensitivity/(1 — sensitivity))/(1 — specificity/specificity) [25].
The validity parameters of the Berlin questionnaire were categorized
based on the study population, type of sleep study, the definition of
hypopnea used (3% oxygen desaturation vs 4% oxygen desaturation),
and the different levels of AHI.

Meta-analysis

We grouped studies based on the type of study population (e.g.,
sleep clinic patients, surgical patients etc.), and the AHI threshold
for which the validity parameters had been reported (AHI >5
events/h, AHI >15 events/h etc.). We used Stata Statistical Software:

Release 13.1 (StataCorp, College Station (TX) to obtain pooled,
summary measures for each subgroup. Due to specific data re-
quirements, meta-analysis could be performed only for groups
containing at least four studies. The summary estimates for sensi-
tivity, specificity, likelihood ratios, and diagnostic odds ratios were
presented together with forest plots to graphically express the
distribution of these parameters.

Results
Article selection process

Our search in PubMed, Embase, and Scopus yielded 663 articles.
After screening the titles and abstracts, 53 were eligible for full
paper screening, of which 35 were eligible for the review. The
article selection process is shown in Fig. 1. A summary of the articles
that were excluded during the full paper review and the reasons for
their exclusion are given in Table S2.

Quality assessment of the selected studies

The summary of the quality assessment of the studies selected
for the review is shown in Table S3. Twenty seven of the thirty-five
studies had minimal risk of bias, and none of the studies were
deemed inapplicable to the review question.

Characteristics of the eligible studies

The details of the studies selected for the review are shown in
Tables S4—S7. The summary of these characteristics is given in
Table 1.

Most of the validation studies had been conducted in North
America (n = 11). There were no studies in Central Asia or Africa
(other than Egypt). Over half of the studies were in sleep clinic
patients or patients suspected to have OSA, and there were only 2
studies in the general population. The definitions used for diagnosis

Search in Search in

PubMed

I I |

Search in Scopus

Embase

‘ 64 records ‘ ’ 388 records I ‘ 286 records ‘
738 combined records
181 duplicates
removed
557 records retained and 18 papers excluded
titles/abstracts screened . . )
2 - Berlin questionnaire
504 modified or combined
records with another to form
excluded index test
53 full texts reviewed 3— Article not in English
8 —Reference standard
not type 1
polysomnography

35 papers eligible 5 - Inappropriate
validation process or
validity parameters not

reported

Fig. 1. Screening process of the papers included in the analysis.
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Table 1
Summary characteristics of the eligible articles.

Characteristic Number of

studies (N = 35)

Region in the world

North America [29,32,34,37,39,42,46—48,50,68] 1

West Asia or North Africa [27,36,40,41,44,49,69,70] 8

East or South east Asia [31,43,51,52,71—-73] 7

South America [26,33,45,74] 4

Europe [28,30,38,75] 3

Australia or New Zealand [35] 1

South Asia [76] 1

Type of study population®

Sleep clinic patients [28,29,34,36,40—44,48—51,69,71—73,76] 18

Patients with cardio- or cerebro-vascular disease or risk 8
factors for such disease [26,32,33,39,45,52,70,74]|

General population [31,38] 2

Occupational groups (drivers or nurses) [27,68] 2

Surgical patients [33,46] 2

Pregnant women [35] 1

Other groups (primary care patients [30], or patients with 3
arthritis [37], or intracranial hypertension [47])

Exclusion of previously-diagnosed OSA patients

Excluded [27,29,30,32,35,39,48,51,68,69,74] 11

Not excluded or not mentioned [26,28,31,33,34, 24
36—38,40—47,49,50,52,70—73,76]

Definition of hypopnea used in the diagnosis of OSA

>50% airflow reduction with a >3% oxygen desaturation 11
[26—28,31-36,50,69]

>30% airflow reduction with a >4% oxygen desaturation 8
[29,38,39,42—45,49]

>50% airflow reduction with a >4% oxygen desaturation 3
[48,52,68]

Not reported or unclear [30,37,40,41,46,47,51,70—74,76] 13

2 One study included surgical patients and patients with cardiovascular diseases
as separate groups; OSA = obstructive sleep apnea.

of a hypopnea differed substantially between the studies. Nearly
one third used >50% airflow reduction with a >3% oxygen desa-
turation to define hypopnea, while eight used >30% airflow
reduction with a >4% oxygen desaturation as the definition. In
addition, eleven [26—36] out of fourteen studies [26—39] that
scored respiratory-related arousals used this in their definitions of
hypopnea. Thirteen studies had not clearly reported the criteria
used.

Reported validity parameters

The selected studies had reported the sensitivity, specificity,
predictive values, likelihood ratios, and diagnostic odds ratios of
the Berlin questionnaire for one or more conventionally accepted
AHI thresholds (AHI >5 events/h, AHI >10 events/h, AHI >15
events/h, or AHI >30 events/h). These are shown in Tables S4—S7

(diagnostic utility in some populations are summarized in
Tables 2 and 4). These reported validity parameters varied based on
the type of study population, the definition of hypopnea used, and
the AHI threshold for which they were reported.

Sleep clinic patients

Most studies were small in sample size with less than 150 par-
ticipants (range 100 [40,41] to 1853 [42]) except for four
[29,42—44]. The average age ranged from 42 to 52 y (see
Tables S4—S7). Reported sensitivity and specificity of the Berlin
questionnaire varied across different AHI thresholds and different
definitions of hypopnea, as shown in Tables 2 and S4—S7.

The sensitivity was higher when hypopnea was defined as >3%
oxygen desaturation rather than >4% (see Table 2). No such rela-
tionship with hypopnea definition was seen for specificity or
diagnostic odds ratio. Diagnostic utility of the Berlin questionnaire
also did not show any trend across the standard AHI thresholds.

Meta-analysis of the validity parameters in sleep clinic patients

As the commands used by the Stata for meta-analyses of diag-
nostic accuracy studies require at least four studies to execute,
meta-analyses could only be performed for the sleep clinic patients
or patients with suspected OSA. At all three conventional AHI
thresholds, and when different definitions were used for hypopnea,
the pooled sensitivity values remained close to each other ranging
from 79% to 82% (see Table 3). Respective pooled specificity values
ranged from 32% to 39%, except at threshold of AHI >5 events/h
where the value was higher (53%) when hypopnea was defined at
>3% oxygen desaturation. The diagnostic odds ratio was highest for
threshold of AHI >5 events/h, when hypopnea was defined as >3%
oxygen desaturation (4.2, 95% CI 2.1-8.4) and lowest for AHI >5
events/h when hypopnea was defined as >4% oxygen desaturation
(1.7, 95% CI 1.1-2.7). Figs. S1—S4 give a graphical representation of
the distribution of sensitivity, specificity, and diagnostic odds ratio
for each component study and the pooled estimates. However,
when hypopnea was defined as >4% oxygen desaturation, the I?
value was very high for the pooled summary sensitivity and spec-
ificity at both AHI thresholds and for the negative likelihood ratio at
AHI >5 events/h, indicating a high heterogeneity in these data. All
diagnostic odds ratios at all AHI thresholds also have extremely
high heterogeneity.

Patients with cardio- or cerebro-vascular disease or risk factors

All but one [45] of these studies had sample sizes less than 100
(see Tables S4—S7). The participants were older than the sleep
clinic patients, their average ages ranging from 47 to 68 y. Similar to

Table 2
Summary of the validity parameters of Berlin questionnaire for the sleep clinic patients.
Study reference AHI threshold (events/h) Sensitivity % Specificity % DOR
Minimum Maximum Minimum Maximum Minimum Maximum
Hypopnea defined at OD >3% >5 68 [50] 86 [34] 25 [34] 73 (28] 2.0 [50] 8.4 [69]
>10 62 [50] 88 [34] 25 [34] 63 [28] 1.2 [50] 4.4 (28]
>15 57 [50] 91 [34] 28 [34] 61 [28] 0.9 [50] 4.9 (28]
>30 71 (28] 89 [34] 18 [34] 53 [28] 1.8 [34] 2.8 [28]
Hypopnea defined at OD >4% >5 62 [48] 96 [41] 14 [29] 90 [41] 0.5 [48] 306.0 [41]
>10 - - - - - -
>15 68 [51] 89 [49] 23 [49] 52 [51] 1.4[71] 3.3 [42]
>30 69 [48] 90 [42] 19 [49] 54 [51] 1.4 [49] 3.5[51]

AHI = apnea-hypopnea index; DOR = diagnostic odds ratio; OD = oxygen desaturation.
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Summary scores for the validity parameters of Berlin questionnaire administered to sleep clinic patients or patients with suspected OSA.

AHI threshold; Hypopnea Summary scores
Nin definition Sensitivity Specificity LR+ LR- DOR
% ? % 2 ? ? 2
>5 events/h; OD > 3% 79 74.4 53 79.4 1.7 71.8 0.4 71.9 4.2 100.0
4; 538 (71-86) (48.2—100.0) (34—70) (59.3—99.6) (1.2—24) (71.8-98.6) (0.3—0.6) (42.5-100.0) (2.1-8.4) (99.9-100.0)
OD > 4% 78 95.9 32 924 1.2 81.9 0.7 933 1.7 100.0
(69—86) (94.1-97.8) (22—45) (88.2—96.6) (1.0-1.3) (81.9-95.6) (0.5—0.9) (89.8—96.8) (1.1-27)  (100.0—100.0)
>15 events/h;  OD > 3% 82 82.2 39 79.6 14 47.7 0.5 81.2 29 100.0
5; 971 (72—89) (67.3—94.0) (29-50) (62.0-97.2) (1.2-1.6) (47.7-97.8) (03-0.7) (65.3-97.1) (1.8—4.9) (100.0—100.0)
OD > 4% 82 94.8 35 85.1 1.2 63.9 0.5 88.9 24 100.0
(71-89) (91.3-98.3) (27-43) (71.6-98.6) (1.2—-1.3) (63.6-99.2) (04-0.7) (79.5-98.2) (1.7-3.5)  (100.0—100.0)

AHI = apnea-hypopnea index; DOR = diagnostic odds ratio; LR = likelihood ratio; N = number of studies; n = number of total participants; OD = oxygen desaturation.

Table 4
Summary of the validity parameters of Berlin questionnaire for the patients with cardio- or cerebro-vascular disease or risk factors.
Study reference AHI threshold (events/h) Sensitivity % Specificity % DOR
Minimum Maximum Minimum Maximum Minimum Maximum
Hypopnea >5 72 [26] 93 [74] 39 [32] 59 [74] 2.1 [26] 18.4 [74]
defined at OD >3% >10 [32] 85 37 33
>15 67 [33] 74 [26] 26 [33] 34 [26] 0.7 [33] 1.2 [26]
>30 - - - - - -
Hypopnea >5 68 [39,45] 81 [52] 44 [52] 46 [39,45] 1.9 [39,45] 3.4 [52]
defined at OD >4% >10 — — - - — —
>15 40 [45] 89 [52] 35 [52] 76 [45] 1.0 [39] 4.6 [52]
>30 71 [39] 91 [52] 28 [52] 40 [45] 1.4 [39] 3.9[52]

AHI = apnea-hypopnea index; DOR = diagnostic odds ratio; OD = oxygen desaturation.

the sleep clinic patients, the sensitivity was consistently higher
when hypopnea was defined as >3% oxygen desaturation than >4%
oxygen desaturation, but this was not true for specificity or diag-
nostic odds ratio. No discernible trends of the diagnostic utility
across the different AHI thresholds were seen. As shown in Tables 4
and S4-S7, the reported sensitivity and specificity varied across
different AHI thresholds and different definitions of hypopnea.

General population

Tables S4—S6 show the reported diagnostic utility of the Berlin
questionnaire for the general population across different AHI
thresholds and definitions of hypopnea. At a threshold of AHI >5
events/h the sensitivity, specificity, and the diagnostic odds ratio of
the Berlin questionnaire for the general population were 69%, 83%,
and 11.3 when hypopnea was defined as >3% oxygen desaturation
[31] and 37%, 84%, and 1.8 when hypopnea was defined as >4%
oxygen desaturation [38]. At a threshold of AHI >10 events/h these
were 79%, 67%, and 7.5 when hypopnea was defined as >3% oxygen
desaturation [31]. At AHI >15 events/h and when hypopnea was
defined as >3% oxygen desaturation, the sensitivity, specificity, and
the diagnostic odds ratio were 89%, 63% and 12.9 [31]. When
hypopnea was defined at >4% oxygen desaturation at the same AHI
threshold, these were 43%, 80%, and 3.0 [38]. The diagnostic utility
of the Berlin questionnaire in the general population was not re-
ported for the AHI threshold of >30 events/h.

Surgical population

When hypopnea was defined as >3% oxygen desaturation, the
sensitivity, specificity, and the diagnostic odds ratio were 69%, 56%,
and 2.8 [46] at a threshold of AHI >5 events/h and 79% [46] to 82%
[33], 50% [46] to 62% [33], and 3.8 [46] to 7.8 [33] at AHI >15
events/h. At a threshold of AHI >30 events/h, these were 87%, 46%,
and 5.7 [46]. Diagnostic utility of the Berlin questionnaire for the

surgical populations was not available when hypopnea was
defined as >4% oxygen desaturation.

Other populations

The sensitivity, specificity, predictive values, and the diagnostic
odds ratio of the Berlin questionnaire for other populations are
shown in Tables S4—S7. These studies had younger participants
than the sleep clinic patients, except for the rheumatoid arthritis
patients who were aged 60 y on the average [37]. The youngest
population was those with idiopathic intracranial hypertension
whose median age was 23 y [47] and pregnant women whose mean
age was 33 y [35]. Similar to other population subgroups, among
pregnant women, both sensitivity and specificity in the 2nd as well
as 3rd trimesters were less at the threshold of AHI >5 events/h (93%
and 50% for 2nd trimester and 87% and 32% for 3rd trimester)
compared to AHI >10 events/h (86% and 39% for 2nd trimester and
86% and 28% for 3rd trimester) [35]. Among the primary care pa-
tients, the sensitivity and diagnostic odds ratio increased consis-
tently from the threshold of AHI >5 events/h (76% and 2.7) to AHI
>30 events/h (93% and 10.2) although the specificity did not follow
this trend [30].

An interesting observation across all study populations (except
for [28,34,39,45,48,49]) was that, within the same study, the
sensitivity increased gradually as the AHI threshold increased.
However, neither the specificity nor the diagnostic odds ratio
followed this trend. In two studies, this sensitivity trend was
reversed [35,50].

Discussion

This review has important clinical and research implications. Our
meta-analysis showed the Berlin questionnaire to have good sensi-
tivity for detecting clinically relevant OSA (AHI >15 events/h) in the
sleep clinic population. Although the evidence from other
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populations is limited and precluded meta-analyses, we found the
Berlin questionnaire to have modest-high sensitivity for detecting
clinically relevant OSA in patients with: cardio- or cerebro-vascular
disease or risk factors, surgical patients, and the general popula-
tion when hypopnea was defined as 3% oxygen desaturation. In
contrast, its specificity in all the populations was relatively low. The
main limitation for interpretation of the findings was that the gold
standard definition of OSA varied between studies. While all the
studies used attended, laboratory polysomnography as the reference
standard, the AHI cut off used to define OSA as well as oxygen
desaturation threshold used to define hypopnea varied across
studies.

The sensitivity of the Berlin questionnaire for detecting clinically
relevant OSA in the sleep clinic population ranged from 57% [50] to
91% [34] when hypopnea was defined as 3% oxygen desaturation
and from 68% [51] to 90% [42] when hypopnea was defined as 4%
oxygen desaturation. Despite this variability (which was high-
lighted by the high I? values in the meta-analysis) and the low
specificity reported in individual studies, the summary scores
showed the Berlin questionnaire to have a good sensitivity for
detecting clinically relevant OSA in this population regardless of the
hypopnea definition used in the gold standard. The pooled sensi-
tivity in our review, however, is only slightly different from the one
reported by Chiu et al. [22] (80%) and reflects the variety of
methodologically heterogeneous studies in the literature.

The limited studies performed in those with cardio- or
cerebro-vascular disease or risk factors showed a smaller varia-
tion in sensitivity from 67% [33] to 74% [26] for detecting clini-
cally relevant OSA when hypopnea was defined as 3% oxygen
desaturation than when it was defined as 4% (range from 40%
[45] to 91% [52]). In two studies from the surgical population
[33,46], the Berlin questionnaire had a sensitivity of 79%—82% to
detect clinically relevant OSA when hypopnea was defined as 3%
oxygen desaturation. However, this evidence is too scarce to
draw meaningful conclusions.

Out of 36 studies eligible for this review, only two were con-
ducted in the general population. The difficulty in conducting a
validation study using type 1 polysomnography as the gold stan-
dard test in the general population is understandable given the cost
and logistics involved. Such studies will become increasingly
limited given the advancement of portable polysomnography and
related technology, as indicated by recent derivation and validation
studies for new screening tools such as NoSAS questionnaire
[53—56]. However, given that even portable polysomnography has
variable sensitivity and specificity against type 1 sleep studies
[11,12,55], more studies that explore the Berlin questionnaire's
validity in the general population measured against the gold
standard reference test are required to determine its suitability to
screen the general population for possible OSA. Notwithstanding,
the limited data available show that the sensitivity of the Berlin
questionnaire for clinically relevant OSA in the general population
is reasonably high (89% for AHI >15 events/h) when hypopnea is
defined as 3% oxygen desaturation [31], but undesirably low when
hypopnea is defined as 4% oxygen desaturation (43% for AHI >15
events/h) [38]. This is noteworthy in the backdrop of the recom-
mendations of the American Academy of Sleep Medicine which
currently recommends using a 3% oxygen desaturation criterion in
its 2012 edition of respiratory event scoring rules [19], and this
extent of oxygen desaturation with hypopnea is in more common
clinical use than the more stringent 4% criterion. However, the
single study that assessed the performance of the Berlin ques-
tionnaire in primary care patients [30] used a 4% oxygen desatu-
ration threshold, but showed a similar sensitivity (86% for AHI >15
events/h) to the general population study [31] that used the 3%
threshold. If further studies show similar results and confirm good

sensitivity in general and primary care populations, then the Berlin
questionnaire may perform well as a population screening test,
identifying those who need consideration for polysomnography.

Compared with the low sensitivity of the Berlin questionnaire
when hypopnea was defined as 4% oxygen desaturation, the STOP-
BANG questionnaire has a higher sensitivity (87%) for clinically
relevant OSA [56] (when matched for sleep study definition).
However, a recent systematic review of the STOP-BANG question-
naire showed that this tool also has been validated in the general
population only once [57]. Furthermore, the diagnostic utility of the
STOP-BANG in the general population at AHI >5 events/h is not
known and it is also unknown how well it performs when the more
common 3% oxygen desaturation for hypopnea definition is used.
Research directly comparing these two questionnaires in the gen-
eral population is needed to determine how best to use one or both
in screening for OSA. In particular, the cost effectiveness of this
approach needs to be fully appraised.

Sensitivity and specificity of a screening tool are usually
inversely related, and the high sensitivity often comes at the cost to
specificity. When the cost of the gold standard diagnostic test is
very high or the screening test is associated with a known risk to
the patient, minimizing false positives during the screening (which
happens when the specificity of the screening tool is high) who
would unnecessarily undergo the diagnostic test is a high priority.
For a disease with known serious consequences such as OSA [58],
this is of a secondary importance as the costs of diagnostic tests are
gradually coming down [59] and there are no risks associated with
the gold standard. Therefore, in terms of sleep apnea, it is more
important that a screening test has a high sensitivity, and does not
miss patients with sleep apnea, rather than a high specificity.
Despite the lesser importance of specificity measures in OSA
screening tests, we found the Berlin questionnaire had modest or
low specificity for clinically relevant OSA in general, across all
populations. Although the cost of sleep studies for the resulting
false positives from the Berlin questionnaire would be high, this
needs to be compared with the cost of missing the true cases (due
to reduced sensitivity which usually occurs when the specificity is
increased) in the general population or other clinical populations as
undiagnosed OSA potentially incurs heavy healthcare costs [60]
and other indirect costs due to loss of productivity and poor qual-
ity of life etc. [61—63]. Evidence is clearly needed to formally assess
the cost effectiveness of using the Berlin questionnaire when used
to determine the need for sleep testing.

A threshold of AHI >5 events/h to define OSA of any severity is
often used in epidemiological research. Although this threshold
may be useful in research, it is considered to be of uncertain clinical
significance given the extraordinary high population prevalence
based on this threshold, and the lack of association between mild
OSA and either symptoms or cardiovascular co-morbidities [5,6]. At
this AHI threshold, the Berlin questionnaire showed moderate
sensitivity among sleep clinic patients regardless of the hypopnea
definition used, but specificity was modest-low when hypopnea
was defined as 4% oxygen desaturation. Among the patients with
cardio- or cerebro-vascular disease or risk factors, it showed a
moderate or high sensitivity and relatively low specificity regard-
less of the hypopnea definition. Although the Berlin questionnaire
showed a moderate sensitivity and specificity in surgical patients
[46] and in the general population [31] when a hypopnea definition
of 3% oxygen desaturation was used, the sensitivity in the general
population reduced to 37% [38] when a hypopnea definition of 4%
oxygen desaturation was used. Despite being constrained by the
scarcity of evidence, these findings suggest that the Berlin ques-
tionnaire is potentially useful in epidemiological research.

The observed variability in the Berlin questionnaire perfor-
mance estimates in the included studies arises from being
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measured against a differing gold standard; AHI >5 to >30 events/h
used to define OSA and the level of oxygen desaturation (and
airflow reduction) used to define a hypopnea (see Table 1).
Although use of differing screening test thresholds are often re-
ported in validation studies, a differing gold standard is rather
unusual and makes interpretation of and comparison between re-
sults in different studies difficult. Part of the variability may also be
attributable to differences in population characteristics related to
severity and differential reporting (e.g., age and sex). Spectrum
effects may be observed if the chance of screening positive depends
on the severity of the disease. If the Berlin questionnaire captured
the entire spectrum of OSA (mild to severe), then the sensitivity
would not change when populations with the full spectrum of
disease (general population) are compared with populations with
predominantly severe disease (high-risk populations). Whereas, if
the Berlin questionnaire preferentially identified severe OSA, its
sensitivity would decrease in populations where mild and moder-
ate disease predominated [64]. Lack of a clear relationship between
OSA severity (as measured by AHI thresholds) and the “high risk of
OSA” as determined by the Berlin questionnaire in some pop-
ulations in this review also likely reflects a poor relationship be-
tween OSA severity and self-reported symptoms. This is supported
by recent evidence which indicates that a large proportion of those
with OSA have minimal self-reported symptoms or no symptoms
[65] and that there is no association between most of the self-
reported sleep-related symptoms and the AHI [66]. It is likely
that many people with OSA might not be aware of their nocturnal
symptoms, especially when they do not have a bed-partner. In the
general population, however, the sensitivity was higher at higher
AHI thresholds [31,38]. The small number of studies in the general
population and their lack of validation information at an AHI
threshold of >30 events/h, however, prevent making definitive
conclusions based on these observations.

Due to adverse health consequences of untreated OSA and the
healthcare costs of these consequences, there is increasing interest
in screening the general population, primary care patients, and
other clinical populations for OSA [58,60,67,69]. However, due to
uncertainty about the accuracy, clinical utility and cost effective-
ness of all potential screening tools, including the Berlin ques-
tionnaire, the US Preventive Services Task Force recently stopped
short of recommending screening of asymptomatic adults for OSA
[14]. Our review also demonstrated the inadequacy of validation
studies of the Berlin questionnaire in the general population and
most clinical populations (excluding the sleep clinic population)
that prevents making definitive conclusions about the usefulness
of the Berlin questionnaire in them. Despite the higher number of
validation studies performed in sleep clinic patients, the actual
usefulness of the Berlin questionnaire in this population is ques-
tionable. Patients are referred to sleep clinics due to the presence
of significant clinical features which puts them “at risk” for OSA or
other sleep disorders; these clinical features are largely included
as questions in the Berlin questionnaire, so it is unclear what is to
be additionally gained by using the Berlin questionnaire in this
population. This is true for any screening questionnaire when used
in clinical settings, unless it has perfect specificity. Therefore, the
Berlin questionnaire could be more useful in populations (general
or clinical) whose OSA-related clinical features are yet to be eli-
cited, as a means of determining who should be referred to a sleep
clinic and/or undergo polysomnography. Given the insufficient
evidence to support widespread screening of the general popu-
lation for OSA [14], the Berlin questionnaire could be used
opportunistically in the primary care setting to detect patients
with symptoms who may need referral [58,60]. Nevertheless, as
we have discussed, more research is needed to assess the utility of
this approach.

In summary, using the gold standard for diagnosing OSA and
stratifying study groups by OSA definition and study population,
we found that the Berlin questionnaire showed some evidence of
usefulness as a clinical screening test and an epidemiological tool
in the sleep clinic population, those with cardio- or cerebro-
vascular disease or risk factors, surgical population, and primary
care or general population. However, the limited number of
studies available for this review precluded meta-analyses, except
for the sleep clinic population which suggested that the Berlin
questionnaire may be a valid option to facilitate screening of sleep
patients. The variability of the available limited evidence on its
performance in other populations did not allow definitive con-
clusions about its clinical or research utility in these specific
groups. Focusing future validation studies of the Berlin question-
naire on the general population and these specific clinical pop-
ulations will facilitate the assessment of its usefulness as a clinical
screening tool in those settings.

Practice points

1) The Berlin questionnaire has modest-high sensitivity and
low specificity to detect clinically relevant OSA in sleep
clinic patients.
Limited evidence suggests that the Berlin questionnaire
is potentially useful in screening those with cardio- or
cerebro-vascular diseases or risk factors, surgical popu-
lation, and primary care or the general population, but
more validation studies are needed to draw firm
conclusions.

3) The diagnostic utility of the Berlin questionnaire varies
according to the definitions used in gold-standard poly-
somnography (e.g., definition of hypopnea, AHI
threshold).

»

Research agenda

1. This review highlights the need for consensus on
consistent definitions for gold-standard poly-
somnography to measure and diagnose obstructive
sleep apnea. In addition, reporting the diagnostic utility
for multiple reference standards (e.g., different diag-
nostic criteria recommended by the American Academy
of Sleep Medicine in their successive revisions) and for
multiple apnea-hypopnea thresholds could help make
valid comparisons between different validation studies.

2. More validation studies are needed to determine the
diagnostic utility and cost effectiveness of using the
Berlin questionnaire in primary care and in the general
population — the situations where obstructive sleep
apnea screening tools are most needed.

3. Validation studies which directly compare the Berlin
questionnaire to other OSA screening tools (such as the
STOP-BANG questionnaire) in the same population are
needed.
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