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Abstract

Purpose Obstructive sleep apnea (OSA) may lead to life-
threatening problems if it is left undiagnosed. Polysom-
nography is the “gold standard” for OSA diagnosis;
however, it is expensive and not widely available. The
objective of this systematic review is to identify and eval-
uate the available questionnaires for screening OSA.
Source We carried out a literature search through
MEDLINE, EMBASE, and CINAHL to identify eligible
studies. The methodological validity of each study was
assessed using the Cochrane Methods Group’s guideline.
Principal findings Ten studies (n = 1,484 patients) met
the inclusion criteria. The Berlin questionnaire was the
most common questionnaire (four studies) followed by the
Wisconsin sleep questionnaire (two studies). Four studies
were conducted exclusively on “sleep-disorder patients”,
and six studies were conducted on “patients without history
of sleep disorders”. For the first group, pooled sensitivity
was 72.0% (95% confidence interval [CI]: 66.0-78.0%;
PP = 23.0%) and pooled specificity was 61.0% (95% CI:
55.0-67.0%; P = 43.8%). For the second group, pooled
sensitivity was 77.0% (95% CI: 73.0-80.0%; P = 78.1%)
and pooled specificity was 53.0% (95% CI: 50-57%;
PP = 88.8%). The risk of verification bias could not be
eliminated in eight studies due to insufficient reporting.
Studies on snoring, tiredness, observed apnea, and high
blood pressure (STOP) and STOP including body mass
index, age, neck circumference, gender (Bang) question-
naires had the highest methodological quality.
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Conclusion The existing evidence regarding the accu-
racy of OSA questionnaires is associated with promising
but inconsistent results. This inconsistency could be due to
studies with heterogeneous design (population, question-
naire type, validity). STOP and STOP-Bang questionnaires
for screening of OSA in the surgical population are sug-
gested due to their higher methodological quality and easy-
to-use features.

Résumé

Objectif L’apnee obstructive du sommeil (AOS) peut
provoquer des problemes de sante fatals si elle n’est pas
diagnostiquee. La polysomnographie est «l’etalon or» du
diagnostic de I’AOS; cependant, cette methode est onereuse
et n’est pas disponible partout. L’objectif de cette revue
methodique etait d’identifier et d’évaluer les questionnaires
de depistage de I’AOS existants.

Source Nous avons realise une recherche de la litterature
dans les bases de donnees MEDLINE, EMBASE et
CINAHL afin d’extraire les etudes admissibles. La validite’
methodologique de chaque etude a ete évaluee sur la base
de la directive du Groupe de methode de Cochrane.
Constatations principales Dix etudes (n = 1484
patients) satisfaisaient aux criteres d’inclusion. Le
questionnaire de Berlin etait le questionnaire le plus utilise’
(quatre etudes), suivi par le questionnaire sur le sommeil
de Wisconsin (deux etudes). Quatre etudes ont ete’ menees
exclusivement aupres de «patients avec troubles du
sommeil», et six auprés de «patients sans antecédents
de troubles du sommeil». Dans le premier groupe, la
sensibilite’ ponderee etait de 72,0% (intervalle de confiance
[IC] 95%: 66,0-78,0%; P = 23,0%) et la specificite’
ponderée de 61,0% (IC95%: 55,0-67,0%; I = 43,8 %).
Dans le deuxieme groupe, la sensibilite’ ponderee etait de

77,0 % ([IC] 95%: 73,0-80,0%; F =781 %) et la
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specificite’ ponderee de 53,0% (IC95%: 50-57%; P =
88,8%). Le risque de biais de verification n’a pas pu étre
elimine’ dans huit des etudes en raison de presentation
insuffisante des donnees. Les etudes sur le ronflement, la
fatigue, ’apnee observee et une hypertension arterielle
(etudes dites STOP pour [’acronyme anglais) et les
questionnaires STOP incluant I'indice de masse corporelle,
l’dge, la circonference du cou, et le sexe (etudes dites Bang
pour ’acronyme anglais) ont demontre’ la meilleure qualite
methodologique.

Conclusion Les donnees probantes existantes concernant
Uexactitude des questionnaires sur I’AOS sont associees d
des resultats prometteurs mais peu constants. Ce manque
de constance pourrait étre lie’ d la conception heteroclite
des etudes (population, type de questionnaire, validite). Les
questionnaires STOP et STOP-Bang sont suggeres pour
depister I’AOS chez les patients chirurgicaux en raison de
leur qualite’ methodologique superieure et de leur facilite
d’emploi.

Obstructive sleep apnea (OSA) is a significant medical
problem affecting at least 2-26% of the general popula-
tion." It is estimated that up to 93% of women and 82% of
men with moderate to severe OSA remain undiagnosed.”
Obstructive sleep apnea is independently associated with
an increased likelihood of hypertension, cardiovascular
disease, and diminished quality of life.*”

The “gold standard” for diagnosis of OSA is laboratory
polysomnography (PSG); however, the occurrence of OSA
is far more prevalent than can be handled by the available
sleep laboratories. Therefore, a screening tool is necessary
to stratify patients based on their clinical symptoms, their
physical examinations, and their risk factors, in order to
ascertain patients at high risk and in urgent need of PSG
and/or further treatment and patients at low risk who may
not need PSG.

Previous investigators have developed different diag-
nostic models for the clinical prediction of OSA. Rowley
et al® prospectively studied the utility of four clinical
prediction models (Crocker,9 Viner,lo Flemons,11 and
Maislin'®) and concluded that they are not sufficiently
accurate to discriminate between patients with or without
OSA. In addition, some of these clinical models require the
assistance of a computer and sophisticated mathematical
calculations.

In contrast to clinical diagnostic models, OSA ques-
tionnaires do not require complicated calculations to
identify high-risk patients, and they are potentially easier
for routine clinical applications. This systematic review
aims to evaluate and compare the accuracy of existing
questionnaires as screening instruments for OSA in adults.

@ Springer

Methods

This systematic review was carried out using the recom-
mended methods established by the Cochrane Methods
Group on Screening and Diagnostic Tests™ and by other
authors.'*'*

Literature search

In order to include all available evidence, a systematic
search of the literature was carried out through the Coch-
rane Library, MEDLINE (from 1950 to April 2009),
EMBASE (from 1980 to April 2009), and CINAHL (from
1990 to 2009) using the search strategy that was designed
for each database. The search strategy was developed and
executed by an expert librarian and included the following
free-text and index terms: “obstructive sleep apnoea or
apnea”, “hypopnea or hypopnoea”, “OSA or SHS or
OSAHS”, “sleep related respiratory disorder”, “sleep
disordered breathing”, “Sleep Apnea Syndromes”, “Risk
Assessment”, “Mass Screening”, “validation studies”,
“questionnaire”, “sensitivity”, “specificity”, ‘“screen”,
“risk”, “score or scale”, and “mass screening” (Appen-
dix). The search was extended to checking the reference
lists of the included papers.

The search results were evaluated by two independent
reviewers (A.A., A.K.) to find the eligible articles for
inclusion. First, obviously irrelevant items were excluded
by reviewing the title and/or abstract of the records. Next,
the full-text articles of the remaining papers were retrieved
and carefully evaluated to determine if they met the fol-
lowing eligibility criteria: 1) The study used a patient-
based questionnaire as a screening tool for OSA in adult
subjects (>18 yr); 2) The questionnaire’s accuracy was
evaluated by comparing its results with the results of a PSG
as the “gold standard”'” for diagnosing OSA; 3) OSA was
clearly defined as apnea/hypopnea index (AHI), apnea
index (Al), or respiratory disturbance index (RDI) > 5; 4)
Information was adequately presented to allow the con-
struction of a 2 by 2 contingency table; 5) The
questionnaire and full text paper were written in English.
The studies that were found ineligible and excluded from
our study are listed in Table 2.

Assessment of methodological quality

The methodological quality of each paper was assessed
independently by the authors (A.A.,, A.XK., and

A Cochrane Methods Group on Screening and Diagnostic Tests,
2007. http//www.cochrane.org/cochrane/sadt.html.
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disagreements were resolved by arbitration of the senior
author (F.C.). Validity criteria assessing internal and
external validity were explicitly described and coded
according to Cochrane Methods Group on Screening and
Diagnostic Tests.”™ Internal validity included the following
factors: study design, definition of the disease, blind exe-
cution of the index test (questionnaire) and the reference
test (polysomnography), valid reference test, avoidance of
verification bias, independent interpretation of test results.
External validity consisted of the following items: disease
spectrum, clinical setting, demographic information, pre-
vious screening or referral filter, explicit cut-offs,
percentage of missing patients, missing data management,
subject selection for polysomnography.

Data extraction and analysis

Data were extracted by two reviewers (A.A., A.K.)
independently using standard data collection forms. In
each study, the true positive, false positive, true negative,
and false negative values were extracted for each Al,
AHI, or RDI cut-off, and 2 by 2 contingency tables were
constructed accordingly. The AI/AHI or RDI > 5 were
considered as diagnosis cut-offs for the existence of
OSA. The AI/AHI or RDI > 15 and 30 were considered
as diagnosis cut-offs for moderate and severe OSA,
respectively. Using the 2 by 2 contingency tables, we
recalculated the following predictive parameters in each
study: sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and preva-
lence of OSA in each study. Results were not extracted
that would require extrapolations from equations, graphs,
or derivations from figures or tables. Studies were
excluded from the review if there was inadequate infor-
mation to draw the 2 by 2 contingency tables (seven
papers).!1:16-20

A validated computer program for meta-analysis of test
accuracy data (Meta-DiSc,?' version 1.4, Hospital Ramony
Cajal, Madrid, Spain) was used to describe the overall
accuracy of the questionnaires and to assess inconsistencies
in accuracy parameters (sensitivity and specificity) across
studies (heterogeneity). Accuracy parameters with a similar
target population were analyzed together (sleep-disorder
patients vs patients without history of sleep disorders).
Inconsistency (1%) > 50% was considered as significant.
Subgroup analysis was carried out on studies using the
same questionnaire to explore the reasons of heterogeneity.
Meta-analysis was not carried out on other predictive
parameters (PPV and NPV), as they are not related to the
intrinsic quality of the questionnaires. However, all
parameters were presented in the review for descriptive
analysis.

Results

Our extensive search strategy yielded 4,105 citations
(Figure 1). After screening, most studies were eliminated
based on the eligibility criteria, and only ten papers were
considered for final inclusion in the review. The charac-
teristics of the included studies are summarized in Table 1.
The excluded studies'''¢2%?2* and the reasons for their
exclusion are listed in Table 2.

Subject characteristics

A total of 1,484 participants were in the included studies,
and 350 of them were “patients with sleep-related disor-
ders”, i.e., patients in the sleep clinics or those with
habitual snoring. Weatherwax 2003, who studied the
validity of a questionnaire on epileptic patients,” was
considered in this category, as up to one-third of epilepsy
patients could have coexisting OSA.*” Studies on “patients
without history of sleep disorders” included a total of 1,134
subjects (Table 1). In this group, Sharma 2006a enrolled
patients using a pre-screening questionnaire that included
questions related to OSA risk factors. The sample size for
all studies ranged from 42 to 602 patients. The mean age of
the subjects in the studies varied from 42 to 55 yr. The
male ratio and body mass index (BMI) ranged from 45.8-
79.3% and from 24.6-30.2, respectively. Four studies were

Screened citations (n = 4,105)

» Trrelevant citations and studies that did not meet
the inclusion criteria (n = 4,085)

‘ Studies considered for inclusion (n = 20)

Studies with insufficient data (n =7) ‘

Language of questionnaire: non-English (n = 2) T ‘

Irrelevant outcome (n = 1) T ‘

Non-patient based questionnaire (n = 1) ‘

1]

Y
Analyzed 10 studies (1,484 patients)
- prospective: 9 studies
- retrospective 1 study

Fig. 1 Flow chart of screened, excluded, and analyzed papers.
1The total of the excluded studies is not the overall sum, because one
study was excluded due to an irrelevant outcome and a questionnaire
that was not written in English
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Table 2 Excluded studies

Study ID Summary Reason of exclusion

Izci 2008 This study is a Turkish version of ESS that was validated for This study was excluded because English was not the
prediction of OSA language of the questionnaire.

Onen 2008 This study measures the ability of the Observation-based The questionnaire was designed to be answered by the

Nocturnal Sleep Inventory (ONSI) to detect the presence or
absence of sleep apnea syndrome (SAS) in older adults.

Rosenthal 2008  This study evaluates the accuracy of the Epworth Sleepiness

Scale in identification of OSA

Mazeika 2005 The objective of this study is to develop and validate the
G.A.S.P. questionnaire, which consists of questions
regarding snoring, witnessed apnea, fatigue or sleepiness,

hypertension or reflux, and being overweight.

Teculescu 2003 This study evaluates the reliability of a French version of the
Wisconsin Sleep Questionnaire designed to investigate
snoring, obstructive apnea, and sleeping problems. The
assessment of reliability included the study of internal
consistency and the three months repeatability of the
questionnaire.

Gurubhagavatula
2001

This study evaluates the results of an algorithm including the
results of the Multivariable Apnea Prediction (MAP)
questionnaire along with nocturnal pulse oximetry to
predict OSA. The MAP is a questionnaire containing
different questions regarding snoring, sleep breathing
problems, and daytime sleepiness.

Pouliot 1997 This study combines the results of the Epworth Sleepiness
Scale (ESS), BMI, and whether apnea had been observed

by the patient’s partner in predicting OSA.

Flemons 1994 This study includes different clinical factors, such as BMI and
neck circumference, along with the results of questionnaire
for predicting OSA. The questionnaire items are as
follows: collar size, habitual snoring, disruptive snoring,

nocturnal gasping, blood pressure, and weight gain.

Douglass 1994 The objective of this study is to develop and validate the
Sleep Disorders Questions (SDQ). The questionnaire
included items such as age, BMI, weight, number of years
as a smoker, loud snoring, aggravating factor of snoring,
stop breathing during sleep, sweating at night, high blood

pressure.

Bilwise 1991 The study valuates the relative accuracy of each of the

following questions in predicting sleep apnea.
1. How often during the night do you snore in any way?
2. How often during the night do you snore loudly and
disruptively?

3. How often during the night do you hold your breath or stop
breathing during sleep?

patient’s caregiver, e.g., a nurse, and it is not a patient-
based questionnaire

- The study provided specificity and sensitivity for different
ESS values; however; the overall scoring was not
developed in the study. The overall accuracy of the
questionnaire could not be evaluated in this study.

- The study was published as an abstract and meeting
presentation only. The data were insufficient to draw a two-
by-two contingency table (true positives, true negatives,
false positives, and false negatives) from the accuracy
results.

This study was excluded because English was not the
language of the questionnaire. The outcome of the study is
only the reliability of the questionnaire, and the study does
not provide the accuracy results.

- The results of the questionnaire were incorporated into a
predictive model (a formula) to predict the presence of
OSA, so the independent accuracy of the questionnaire
could not be evaluated.

- Predictive models and formulas (with mathematical
calculations) are not in the scope of our review.

- The relative accuracy of each factor or the combination of the
factors was provided in the paper; however; the overall
scoring was not developed in the study. The overall accuracy
of the questionnaire could not be evaluated in this study.

- The relative likelihood ratio for different scores was
provided in the paper; however, the cut-off score (for
predicting OSA) and its respective accuracy results
(sensitivity or specificity) were not provided in the paper.
The overall accuracy of the questionnaire could not be
evaluated.

- There were not sufficient data in the paper to draw a two-by-
two contingency table (true positives, true negatives, false
positives, and false negatives) from the accuracy results.

- The overall accuracy of all questions was not evaluated.

- The data were insufficient to draw a two-by-two
contingency table (true positives, true negatives, false
positives, and false negatives) from the accuracy results.

OSA = obstructive sleep apnea; BMI = body mass index

A,25’27-29 30-32

performed in the US three in Canada, two in
India,**** and one in Europe.” Nine studies were pro-

The questionnaire characteristics

spective cohort, while one study’® was a retrospective chart
review of patients who had already undergone PSG in a
sleep laboratory (Table 1).

There were eight questionnaires developed and/or vali-
dated in the included studies. The Berlin questionnaire was
the most common questionnaire among the studies (four

@ Springer
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studies), followed by the Wisconsin sleep questionnaire
(two studies). Apnea score (AS), Haraldsson’s question-
naire, and the Sleep Apnea scale of the Sleep Disorders
Questionnaire (SA-SDQ) were validated in sleep-disorder
patients only. The latter was a modified version of SA-
SDQ, which was validated on epileptic patients. The ori-
ginal SA-SDQ questionnaire was developed by Douglas
et al.;17 however, their study could not be included in this
review due to insufficient data regarding the accuracy
parameters (Table 2). The checklist of the American
Society of Anesthesiologists (ASA), the STOP question-
naire (snoring, tiredness, observed apnea, and high blood
pressure), and the STOP-Bang questionnaire (STOP
including BMI, age, neck circumference, gender) were
validated on surgical patients. The Wisconsin questionnaire
was validated on patients selected from the general popu-
lation, and the Berlin questionnaire was validated in
differing populations, i.e., sleep clinic patients, general
population, and surgical patients.

The details of each questionnaire and its scoring method
are shown in Table 3. All eight questionnaires used loud
snoring (or snoring) and stop breathing during sleep as two
of the components of their questionnaires. In five ques-
tionnaires, daytime sleepiness was one of the questions.
Three questionnaires noted body mass index and high
blood pressure. A history of adenoidectomy or anatomical
problems of airways was considered in three question-
naires, and measurement of neck circumference was used
in two questionnaires. The summary of items used in the
OSA questionnaires is shown in Table 4. Three question-
naires (ASA checklist, STOP, and STOP-Bang) used a yes/
no format; however, others had Likert-type (frequency)
questions. The number of questions in each questionnaire
ranged from three to 12 items.

The validation tool was one overnight sleep laboratory
PSG in eight studies, except for Netzer’s study of the
Berlin questionnaire. In Netzer’s study, the Berlin ques-
tionnaire was validated by the patient taking the
ambulatory PSG recorder home. The patient was given
instructions on how to use the recording device and was
told to turn on the device at bedtime and to turn it off upon
arising. One retrospective chart review on the Berlin
questionnaire used the result of two consecutive nights of
PSG as the “gold standard”. In seven studies, the AHI > 5
was used as the PSG cut-off score for OSA diagnosis;
Al > 5 was used by one study, and RDI > 5 or 10 was
used by two studies.

Methodological quality of the included studies
In terms of the internal validity, all of the included studies

used a valid reference test to verify the accuracy of the
questionnaires (Table 5). Netzer 1999, however, partially

@ Springer

attained this factor, as they used a portable PSG method for
validation.”® Only three studies adequately addressed the
validation process of the questionnaires (Chung 2008a,
Chung 2008b, and Ahmadi 2008).?*** The other included
studies did not have specific information to clearly evaluate
the risk of bias during the validation process of their
questionnaires. More specifically, the following aspects
were not specified in the papers: 1) blind execution of the
PSG and questionnaire, i.e., those who performed the PSG
were unaware of the results of the questionnaire (and vice
versa); 2) avoidance of verification bias, i.e., interpretation
of the PSG results was performed independent of the
questionnaire results; and 3) interpretation of the PSG
results was performed independent from the patient’s
clinical history. Therefore, the risk of bias cannot be
eliminated in these studies. Chung 2008 studies clearly
specified all of the above criteria, and Ahmadi 2008, a
retrospective study, adequately addressed items two and
three, but not the first item (blind execution of PSG).30
Overall, the studies by Chung et al. on the STOP and
STOP-Bang questionnaires had the highest internal
validity.*'*?

In terms of the external validity (generalizability), most
of the studies met the appraisal items adequately (Table 5).
In Sharma 2006a, a pre-screening set of questions was used
to select the subjects out of the general population;™
therefore, this study is missing one of the important com-
ponents of the external validity and is at risk of screening
bias, i.e., those who were selected for the validation of the
screening questionnaire already had some type of sleep-
related problems, and they do not necessarily represent the
target population of the study. Another important aspect of
the external validity was the management of the missing
data, which was only carried out in three studies (Chung
2008a, Chung 2008b and Young 1993).**!*? Chung et al.
and Young et al. compared the basic characteristics (age,
sex, BMI) of those patients who agreed to undergo PSG vs
those who refused. Chung et al. showed a significant dif-
ference between the two groups, i.e., the PSG group had a
higher BMI (30 £ 7 vs 28 £ 6; P < 0.05). Other charac-
teristics in both studies were similar between the two
groups.

Results of accuracy outcomes and other predictive
parameters

In studies on “sleep-disorder patients”, the prevalence of
OSA (AHI/AI or RDI > 5) ranged from 42-76%. The
sensitivity of different questionnaires in predicting OSA
ranged from 59-81%, with Haraldsson’s questionnaire
showing the highest sensitivity. The pooled sensitivity
was 72.0% (95% CI: 66.0-78.0%; I* = 23.0%). In this
category, the specificity ranged from 46-80%, with
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Table 4 Items used in different OSA questionnaires

Questionnaire Age BMI Male 1BP Neck size Snoring loud Apnea Somnolence/ Anatomical  Others
snoring during tiredness during problems in
sleep  day airways
Berlin v v v v v
STOP v v v v
STOP-Bang v/ v (4 v v 4 (4 v
ASA v 4 4 v v v
checklist

Wisconsin v v v
SA-SDQ v v v v Sweating during sleep,

History of smoking
Haraldsson’s v v v v
Apnea Score v v History of

adenoidectomy

OSA = obstructive sleep apnea; BMI = body mass index; ASA = American Society of Anesthesiologists; STOP = snoring, tiredness,
observed apnea, and high blood pressure; STOP-Bang = STOP questionnaire including BMI, age, neck circumference, gender; SA-
SDQ = Sleep Apnea scale of the Sleep Disorders Questionnaire; 1BP = hypertension

Haraldsson’s questionnaire showing the highest specificity.
The pooled specificity was 61.0% (95% CI: 55.0-67.0%;
I* = 43.8%). The PPV and NPV values ranged from 48-
92% and from 57-72%, respectively (Table 6).

In studies on “patients without history of sleep disor-
ders”, the prevalence of OSA ranged from 21-69%. The
sensitivity of different questionnaires in predicting OSA
(AHI/AI or RDI > 5) ranged from 66-95% with the Wis-
consin Sleep questionnaire showing the highest sensitivity
followed by the Berlin and the STOP-Bang questionnaires
(Table 7). The pooled sensitivity was 77.0% (95% CI:
73.0-80.0%; P = 78.1%). To explore the reasons of het-
erogeneity, i.e., I* > 50%, we performed subgroup analysis
on studies using the same questionnaire, i.e., the Berlin or
the Wisconsin sleep questionnaire, but this did not yield
consistent results. The pooled sensitivity for the Berlin
questionnaire was 77.0% (95% CI. 71.0-82.0%;
I = 79.4%) and for the Wisconsin questionnaire was
83.0% (95% CI: 76.0-88.0%; I* = 84.0%). As it is shown
in Table 7, the average sensitivity of the questionnaires
varied from 66-86% in all studies except Wisconsin
(Sharma 2006b), which was shown to have an unexpect-
edly high value (95%) of sensitivity. This study was carried
out by the same author of another study where the authors
used a pre-screening set of questions to select the subjects
out of the general population. After excluding this study as
an outlier, the overall sensitivity was calculated as 76.0%
(95% CI: 72.0-79.0%), and the index of heterogeneity of
the results was reduced to 1> = 73%.

The specificity of different questionnaires in studies on
“patients without history of sleep disorders” ranged from
38-95% with the Berlin questionnaire showing the highest

@ Springer

specificity. The pooled specificity was 53.0% (95% CI: 50-
57%; 1> = 88.8%). Subgroup analyses on studies using the
same questionnaire, i.e., the Berlin or the Wisconsin sleep
questionnaire, delivered inconsistent results. The pooled
specificity for the Berlin questionnaire was 74.0% (95%
CI: 65.0-81.0%; I’ = 90.7%) and the Wisconsin ques-
tionnaire was 50.0% (95% CI: 46.0-52.0%; = 90.9%).
As it is shown in Table 7, the average specificity of the
questionnaires ranged from 38-76% in all studies except
the Berlin questionnaire (Sharma 2006a), which was shown
to have an unexpectedly high value (97%) of specificity. In
that study, a pre-screening set of questions was used to
select the subjects out of the general population. After
excluding this study as an outlier, the overall specificity
was calculated as 51.0% (95% CI: 48.0-55.0%), and the
index of heterogeneity of the results was reduced to
I> = 74.7%. The PPV and NPV values ranged from 28-
96% and from 38-97%, respectively (Table 7).

The sensitivity of different questionnaires in predicting
moderate OSA (AHI/AI > 15) ranged from 54-93%, with
STOP-Bang questionnaires showing the highest sensitivity
(Table 8). The prevalence of moderate OSA was 8-70%
among the included studies. The pooled sensitivity was
77.0% (95% CI: 73.0-81.0%; I* = 85.6%). The specificity
of the questionnaires in predicting moderate OSA varied
from 37-97% with the Berlin questionnaires showing the
highest specificity (Table 8). The pooled specificity was
44% (95% CI: 41.0-47.0%; 1> = 84.0%). The PPV and
NPV ranged from 11-97% and from 48-97%, respectively.

With regard to predicting severe OSA (AHI/AI > 30),
the sensitivity was very variable in the studies ranging from
17-100%, with the STOP-Bang questionnaire having the
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Table 6 Predictive parameters of questionnaires for screening of OSA (AHI > 5) in “sleep-disorder patients”

Questionnaire/Study ID Prevalence Sensitivity (95%CI) Specificity (95%CI) PPV (95%CI) NPV (95%CI)
AS- Kapuniani 1988 0.51 0.59 (0.39, 0.78) 0.69 (0.48, 0.86) 0.66 (0.47, 0.85) 0.62 (0.44, 0.79)
AS w/o adenectomy 0.42 0.70 (0.50, 0.86) 0.65 (0.44, 0.83) 0.67 (0.50, 0.85) 0.68 (0.49, 0.86)
Berlin- Ahmadi 2008 043 0.68 (0.54, 0.80) 0.46 (0.34, 0.58) 0.48 (0.37, 0.59) 0.65 (0.52, 0.78)
Haraldsson 1991 0.76 0.81 (0.64, 0.93) 0.80 (0.44, 0.97) 0.92 (0.83, 1.00) 0.57 (0.31, 0.83)
SA-SDQ- Weatherwax 2003  0.55 0.80 (0.68, 0.88) 0.66 (0.52, 0.78) 0.74 (0.64, 0.84) 0.72 (0.60, 0.84)
Pooled estimates: — 0.72 (0.66, 0.78) I> = 23.0% 0.61 (0.55, 0.67) I* = 43.8%  — —

PPV = positive predictive value; NPV = negative predictive value; AS = apnea score; OSA = obstructive sleep apnea; AHI = apnea-hypo-
pnea index; SA-SDQ = Sleep Apnea scale of the Sleep Disorders Questionnaire; CI = confidence interval; I = heterogeneity index. The
highest values in each column are highlighted in bold fonts

Table 7 Predictive parameters of questionnaires for screening of OSA (AHI > 5) in “patients without history of sleep disorders”

Questionnaire/Study ID Prevalence Sensitivity (95%CI) Specificity (95%CI) PPV (95%CI) NPV (95%CI)
ASA- Chung 2008 0.69 0.72 (0.63, 0.80) 0.38 (0.25, 0.52) 0.72 (0.64, 0.80) 0.38 (0.25, 0.51)
Berlin- Chung 2008 0.69 0.69 (0.60, 0.77) 0.56 (0.42, 0.70) 0.77 (0.69, 0.85) 0.44 (0.33, 0.56)
Berlin- Netzer 1999 0.68 0.86 (0.75, 0.93) 0.77 (0.59, 0.90) 0.88 (0.79, 0.98) 0.72 (0.54, 0.91)
Berlin- Sharma 2006a 0.60 0.85 (0.74, 0.93) 0.95 (0.84, 0.99) 0.96 (0.91, 1.00) 0.81 (0.70, 0.92)
STOP- Chung 2008 0.69 0.66 (0.56, 0.74) 0.60 (0.46, 0.73) 0.78 (0.69, 0.86) 0.44 (0.32, 0.56)
STOP-Bang- Chung 2008 0.69 0.84 (0.76, 0.90) 0.56 (0.42, 0.70) 0.81 (0.73, 0.87) 0.61 (0.46,0.74)
Wisconsin- Sharma 2006b ~ 0.25 0.95 (0.82, 0.99) 0.64 (0.54, 0.73) 0.46 (0.35, 0.57)  0.97 (0.93, 1.00)
Wisconsin- Young 1993 0.21 0.79 (0.71, 0.86) 0.46 (0.42, 0.51) 0.28 (0.23, 0.33)  0.89 (0.85, 0.92)
Pooled estimates: — 0.77 (0.73, 0.80) I> = 78.1%  0.53 (0.50, 0.57) I* = 88.8% — —

PPV = positive predictive value; NPV = negative predictive value; OSA = obstructive sleep apnea; AHI: apnea-hypopnea index;
ASA = American Society of Anesthesiologists’ checklist; STOP = snoring, tiredness, observed apnea, and high blood pressure; STOP-
Bang = STOP questionnaire including BMI, age, neck circumference, gender; CI = confidence interval; I = heterogeneity index. The highest
values in each column are highlighted in bold fonts

Table 8 Predictive parameters of questionnaires for screening of moderate OSA (AHI > 15) in “patients without history of sleep disorders”

Questionnaire/Study ID Prevalence  Sensitivity (95%CI) Specificity (95%CI) PPV (95%CI) NPV (95%CI)
ASA- Chung 2008 0.40 0.79 (0.67, 0.87) 0.37 (0.28, 0.47) 0.42 (0.36, 0.53) 0.72 (0.60, 0.84)
Berlin- Chung 2008 0.40 0.79 (0.67, 0.87) 0.50 (0.41, 0.60) 0.50 (0.41, 0.60) 0.78 (0.68, 0.87)
Berlin- Netzer 1999 0.70 0.54 (0.41, 0.66) 0.97 (0.83, 1.00) 0.97 (0.92, 1.00) 0.48 (0.35, 0.60)
STOP- Chung 2008 0.40 0.74 (0.62, 0.84) 0.53 (0.43, 0.63) 0.51 (0.41, 0.60) 0.76 (0.64, 0.85)
STOP-Bang- Chung 2008  0.40 0.93 (0.84, 0.98) 0.43 (0.33, 0.53) 0.51 (0.42, 0.60) 0.90 (0.78, 0.96)
Wisconsin- Young 1993 0.08 0.87 (0.76, 0.95) 0.40 (0.36, 0.44) 0.11 (0.08, 0.15) 0.97 (0.95, 0.99)
Pooled estimates: — 0.77 (0.73, 0.81) I> = 85.6% 0.44 (0.41, 0.47) I = 84.0% — —

PPV = positive predictive value; NPV = negative predictive value; OSA = obstructive sleep apnea; AHI = apnea-hypopnea index;
ASA = American Society of Anesthesiologists’ checklist; STOP = snoring, tiredness, observed apnea, and high blood pressure; STOP-
Bang = STOP questionnaire including BMI, age, neck circumference, gender; CI = confidence interval; I = heterogeneity index. The highest
values in each column are highlighted in bold fonts

highest value. The specificity varied from 36-97%, with the = predicting severe OSA was 67% (95% CI: 60.0-73.0%;
Berlin questionnaire showing the highest specificity — I? = 96.8%). The respective value for pooled specificity
(Table 9). The prevalence of severe OSA was 22-69% was 45% (95% CI: 41.0-49.0%; I’ = 91.9%). The PPV and
among the included studies. The pooled sensitivity for =~ NPV ranged from 31-92% and from 34-100%, respectively.
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Table 9 Predictive parameters of questionnaires for screening of severe OSA (AHI > 30) in “patients without history of sleep disorders”

Sensitivity (95%CI)

Specificity (95%CI)

PPV (95%CI)

NPV (95%CI)

Questionnaire/Study ID Prevalence
ASA- Chung 2008 0.22
Berlin- Chung 2008 0.22
Berlin- Netzer 1999 0.69
STOP- Chung 2008 0.22

STOP-Bang- Chung 2008  0.22

0.87 (0.73, 0.96)
0.87 (0.73, 0.96)
0.17 (0.09, 0.28)
0.79 (0.64, 0.91)
1.00 (0.91, 1.00)

0.36 (0.28, 0.45)
0.46 (0.38, 0.55)
0.97 (0.83, 1.00)
0.49 (0.40, 0.57)
0.37 (0.29, 0.46)

0.27 (0.19, 0.35)
0.31 (0.22, 0.40)
0.92 (0.77, 1.00)
0.30 (0.21, 0.40)
0.31 (0.23, 0.39)

0.90 (0.83, 0.98)
0.92 (0.86, 0.98)
0.34 (0.24, 0.44)
0.89 (0.80, 0.95)
1.00 (0.93, 1.00)

Pooled estimates: —

0.67 (0.60, 0.73) I> = 96.8%

0.45 (0.41, 0.49) I> = 91.9% — —

PPV = positive predictive value; NPV = negative predictive value; OSA = obstructive sleep apnea; AHI = apnea-hypopnea index;
ASA = American Society of Anesthesiologists’ checklist; STOP = snoring, tiredness, observed apnea, and high blood pressure; STOP-
Bang = STOP questionnaire including BMI, age, neck circumference, gender; CI = confidence interval; I = heterogeneity index. The highest

values in each column are highlighted in bold fonts

Discussion

This systematic review identified and evaluated eight
available patient-based questionnaires for screening of
OSA. Among the questionnaires validated on “sleep-disor-
der patients”, we found Haraldsson with the highest
sensitivity and specificity. The accuracy of results are sig-
nificantly heterogeneous in the studies on “patients without
history of sleep disorders”, even in the studies on the same
questionnaire. In terms of predicting the existence of OSA
(AHI/AI > 5), the Wisconsin and the Berlin questionnaires
were shown to have the highest sensitivity and specificity,
respectively. However, the validity of these studies is
unclear due to the potential effects of pre-screening and the
risk of verification bias. In terms of predicting moderate or
severe OSA, the STOP-Bang and the Berlin questionnaires
were found to have the highest sensitivity and specificity,
respectively. The STOP and STOP-Bang questionnaires
were found to have the highest methodological validity,
reasonable accuracy, and easy-to-use features.

Due to the relatively high prevalence of undiagnosed
OSA and its short- and long-term complications, a reliable
screening tool is required for a quick prediction of OSA. A
quick and reliable screening test would enable clinicians to
detect the possibility of OSA during initial clinical visits
and then determine those patients at high risk and either in
need of further assessment or in need of immediate thera-
peutic treatment. Questionnaires can be appropriate tools
for quick prediction of obstructive sleep apnea as they can
be applied and scored easily as part of routine daily prac-
tice. This approach is tremendously important to anesthesia
practitioners and to surgical patients, as there is insufficient
time in the short preoperative period to complete an
assessment of every patient with the standard diagnostic
approach, i.e., sleep lab PSG.

An ideal screening questionnaire should have three
important characteristics,36 namely, 1) Feasibility: Patients

and healthcare providers should find the questionnaire user-
friendly; 2) Accuracy: There should be a clear validation
process that leads to high accuracy parameters; 3) Gener-
alizability: Valid results should be realized when the
questionnaire is used on different target populations, i.e.,
the questionnaire has been validated in different study
populations.

The response rate is generally considered as an index
factor of the feasibility of a questionnaire.’® However, only
three of the ten studies that we evaluated reported their
response rate.””'** All three studies were on the general
population, and the response rate ranged from 82-91%. We
assumed that most patients who were referred to sleep
clinics for their sleep-related complaints were more willing
to respond to the questions. If this assumption is true, the
response rate should be higher in this group of patients than
in the general population. Thus, an easier and more
straightforward questionnaire is needed to be used in the
general population to achieve a higher response rate. Some
authors have taken this need into consideration. While the
older type of questionnaire, such as the SA-SDQ,** inclu-
ded a greater number of questions that were more
complicated, the newer questionnaires, such as STOP and
STOP-Bang, have fewer and more straightforward
questions.”'*?

The imprecision we detected in the accuracy of these
questionnaires as screening tools could have arisen from
several factors. One factor could be the methodological
quality of the papers,>” which was poorly reported in the
majority of the studies we evaluated. Methodological
quality was clearly reported in the studies by Chung et al.
and Ahmadi 2008.°°7? Compared with the studies by
Ahmadi 2088, the studies by Chung et al>'** are
considered as being even higher quality due to their pro-
spective design and the blind execution of PSG, i.e., the
persons responsible for carrying out the standard PSG for
the patients were not aware of the results of the
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questionnaires. Other studies did not address the validation
process of the questionnaires, fully evaluate the validity of
their results, or, more specifically, eliminate the risk of
verification bias. This bias occurs when the disease status,
i.e., OSA, is not determined in all subjects who are tested
(or screened by the questionnaire) and when the probability
of verification depends on the questionnaire results, other
clinical variables, or both, rather than those of the “gold
standard”, i.e., PSG.*®

When verification of disease status is anticipated among
high-risk patients, a bias is introduced that can markedly
increase the apparent sensitivity of the questionnaire and
reduce its specificity. Sharma 2006a studied the Berlin
questionnaire in the general population and yielded high
predictive parameter values (sensitivity 85%).>* This study
has selection bias, as a primary “pre-screening” was per-
formed before the subjects were selected for the
questionnaire being studied. This primary screening was
performed using a questionnaire covering four main vari-
ables of OSA (snoring, tiredness, obesity, and
hypertension). Subjects answering yes to these questions
proceeded to the next step to be selected as the subjects for
the validation analysis of the study questionnaire. Conse-
quently, the study subjects could not represent the general
population. This approach resulted in heterogeneity when a
meta-analysis was attempted.

Another factor in the inaccuracy of these questionnaires
was the variety of the target populations among the dif-
ferent studies. In an effort to unify the subject populations,
all studies were divided into two major groups: studies on
patients “with sleep disorder problems”?>*’>%*> and
studies on “patients without known sleep prob-
lems”. 2?3134 Dye to the high prevalence of OSA in
patients with sleep disorders, we could not use the first
group of studies as a reference for the strength of the
questionnaires designed to screen OSA in the general
population. Recent evidence shows that a test performance
varies in different populations because of the severity of
the disease. For example, a patient population with a higher
disease prevalence may include more severely diseased
patients; therefore, the test would perform better in this
population.® It is also important to emphasize that an ideal
diagnostic test in a general population should have a rela-
tively high specificity to minimize false positives,
nevertheless, it should have sufficient sensitivity. Con-
versely, an ideal diagnostic test in a population with a high
pre-test probability of disease should have higher sensi-
tivity while maintaining high specificity.*’

Lack of a standard definition for some factors involved
in OSA questionnaires could also result in the heteroge-
neity of the data among the studies. For example, the cut-
off numbers used for BMI ranged from 25-35, and different
scales were used for snoring in the questionnaires. The
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Epworth Sleepiness Scale (ESS) is a standard questionnaire
to measure daytime sleepiness;“ however, Osman et al.
showed that this questionnaire had no value in distin-
guishing simple snorers from patients with OSA.*
Standard definition of factors is a prerequisite for stan-
dardizing questionnaire components and evaluating their
values in different combinations.

It is important to screen OSA patients in the perioper-
ative setting to identify those who require further
management. An ideal questionnaire should be sensitive
enough to detect any patients with OSA, but more impor-
tantly, it should recognize patients with severe forms of
OSA, as they may likely have perioperative complications.
In this regard, there is not enough evidence available in the
literature to indicate the AHI/Al cut-off that places the
patient at significant increased risk of postoperative com-
plications. However, the correlation between AHI scores
and lifetime complications, such as motor vehicle accidents
and the risk of atrial fibrillation, has been suggested in non-
surgical populations.** Therefore, we can hypothesize that
the more apnea episodes patients experience, the more
vulnerable they are to the effect of anesthesia and surgery.
In this regard, the Wisconsin sleep questionnaire was not
validated for detection of severe OSA. The Berlin ques-
tionnaire, which was shown to have high sensitivity for
detecting OSA (69-86%), was found to be relatively less
sensitive in detecting moderate and severe cases, i.e.,
sensitivity: 54-79% and 17-87%, respectively. The STOP-
Bang questionnaire was shown to have consistently high
sensitivity for detecting OSA in different AHI cut-offs and
severity levels (AHI >5: 84%, AHI > 15: 93%,
AHI > 30: 100%). This was achieved in exchange of los-
ing the specificity of the questionnaire, which is not the
major concern in the preoperative setting, as screened
patients will always be advised to confirm their diagnosis
with postoperative PSG at their leisure.

A meta-analysis of clinical screening tests for obstruc-
tive sleep apnea was conducted by Ramachandran et al. in
2008.** This study included eight papers on questionnaires
and 18 articles on clinical prediction tests, including clin-
ical scales, algorithms, and prediction models. We can
distinguish our systematic review from Ramachandran’s
review in at least three different areas, i.e., the main focus,
the presentation of the results, and the conclusion. First, our
systematic review is focused only on questionnaires,
whereas Ramachandran’s review involves other types of
clinical screening tools. Since questionnaires do not need
sophisticated mathematical calculations, we consider them
as being more practical and, therefore, more convenient to
be used in the daily clinical practice. Second, although our
method of presenting the details of our data is similar to
Ramachandran’s method, we have included descriptive
features, such as tables of the included and excluded
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studies and tables of the included questionnaires and
quality assessments. While the included studies are extre-
mely diverse in their quality, design, and patient
population, the summary tables allow for individual inter-
pretation of the available literature on the OSA
questionnaires. Finally, because of the inconsistent results,
even between studies regarding the same questionnaire, we
did not make a definite conclusion regarding the most
accurate questionnaire. However, we did recommend the
STOP (or STOP-Bang) questionnaire in consideration of its
high-quality methodology. Although Ramachandran et al.
evaluated the quality of the papers, their review did not
provide the details of the assessment, and this factor was
not taken into consideration in the synthesis of their
conclusion.

We concluded that questionnaires have the potential to
screen patients for high risk of having OSA, and this
approach can raise the awareness of anesthesiologists and
surgeons to the possibility of OSA in surgical patients.
Also, this approach may facilitate early detection of
patients who need further assessment and who would
benefit from perioperative precautions for OSA patients.
Identification of patients at risk of OSA could potentially
reduce the rate of OSA-related postoperative complica-
tions.*> Due to the inconsistent literature, it is difficult to
draw a definite conclusion regarding the most accurate
OSA questionnaire available. However, we suggest the
STOP questionnaire and its extended version, STOP-Bang,
for OSA screening in surgical patients.

Despite the STOP questionnaire being developed in our
institute by the corresponding author of this review, we
used a systematic approach to review the literature objec-
tively following the standard guidelines. The STOP and
STOP-Bang questionnaires have high-quality methodo-
logical and reasonably accurate results. The scoring
method is straightforward, and the acronym, STOP,
(snoring, tiredness, observed apnea, and high blood pres-
sure) makes it easy for clinicians to remember. For
anesthesiologists facing a large number of patients in the
preoperative clinic, this questionnaire could serve as a
quick tool to screen OSA in surgical patients and could
increase the awareness of OSA precautions in perioperative
management.
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Appendix Search Strategy for Ovid Medline

1. (obstructive adj3 sleep* adjS (apnoea* or apnea*)).mp.
2. (hypopnea* or hypopnoea*).mp.

3. (OSA? or SHS or OSAHS).mp.

4. (sleep adj3 related adj3 respiratory adj3 disorder*).mp.
5. (sleep adj3 disordered adj3 breathing).mp.

6. exp Sleep Apnea Syndromes/

7. lor2or3or4or5or6

8. exp Risk Assessment/cl, mt (Classification, Methods)
9. exp Mass Screening/mt (Methods)

10. exp “validation studies (publication type)”/

11. questionnaire*.mp.

12. (sensitivity* or specificity*).mp.

13. (screen* adj5 risk).mp.

14. (score* or scale*).mp.

15. 8or9or10or 1l orl12or13or 14

16. 7 and 15
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