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StudyObjectives:Black individuals and individuals of low socioeconomic status are at increased risk for obstructive sleep apnea (OSA). The Berlin Questionnaire is
one of the most widely used screening tools for OSA; however, there is limited research on its diagnostic accuracy in low-income Black populations.
Methods: This studyanalyzeddata fromanongoingstudy takingplaceamongacohort from2predominantlyBlackneighborhoods inPittsburgh,Pennsylvania (96.3%
Black, 79.6% female). The sample included 269 individuals without a prior diagnosis of OSAwho completed the Berlin Questionnaire and also participated in a home
sleep apnea test. An apnea-hypopnea index ≥ 15 events/h was used to identify individuals with moderate or severe OSA.
Results: 19.3%of individualsmetcriteria formoderate tosevereOSAbasedonhomesleepapnea test,while31.2%ofparticipantsscreenedashigh risk forOSAbased
on the overall Berlin index. Using apnea-hypopnea index ≥ 15 events/h as the reference standard, the Berlin Questionnaire had a sensitivity of 46.2%, specificity of
72.4%,positivepredictivevalueof28.6%,andnegativepredictivevalueof84.9%amongthis sample.Analysesstratifiedbysexsuggested that theBerlinQuestionnaire
had better diagnostic validity in women than men.
Conclusions: The Berlin Questionnaire has lower sensitivity and positive predictive value in our sample than those observed in general population samples. The
measureperformedbetter amongwomen, thoughahigherproportionofmen fell into themoderateor severeOSArangebasedon thehomesleepapnea test.Given the
significant downstream consequences of OSA, utilizing screening tools that better detect OSA in Black communities is key.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Black Americans with socioeconomic disadvantage are at increased risk for obstructive sleep apnea. Although the
Berlin Questionnaire is one of the most widely used screening tools for obstructive sleep apnea and has been validated in a broad range of populations, there
is little evidence regarding its diagnostic accuracy in low-income Black populations.
Study Impact: This study reports the sensitivity, specificity, positive predictive value, and negative predictive value of the Berlin Questionnaire in a sample of
low-income Black community-dwelling adults from 2 Pittsburgh neighborhoods. An understanding of the diagnostic validity of the measure is key to knowing
whether it is an adequate screening tool specifically among low-income Black individuals.

INTRODUCTION

An estimated 6% to 17% of individuals in the United States have
moderate to severe obstructive sleep apnea (OSA),1 a condition
associated with a number of downstream health consequences,
such as cardiovascular disease, including coronary artery disease
and stroke2; cognitive dysfunction3,4; and reduced quality of
life.5,6 Certain groups are at increased risk for OSA, including
men, older adults, and individuals who live with obesity (ie, hav-
ing a bodymass index [BMI] 30+ kg/m2).1 There is also recogni-
tion that race/ethnicity and socioeconomic disadvantage may
increase risk of OSA. For example, a meta-analysis found that
AfricanAmericans have a higher prevalence and greater severity
ofOSA,7 likely influenced by potential confounding factors such
as household income and greater BMI.8 There is also evidence

that neighborhood disadvantage may contribute to risk of OSA
beyond the influence of age and race, at least among children.9,10

For example, a studyof childhoodOSAfound that children living
in census tracts with lower family income, higher proportions of
singleparent families,higherpopulationdensity, and lower levels
of education had a higher risk of OSA, controlling for age, race,
and obesity.10 Certain neighborhood conditions have also been
associatedwithOSA risk in adults, including exposure to air pol-
lution,11 worse walking environment,12 and greater neighbor-
hood crowding.13 Given that Black Americans have a higher
prevalence of OSA and are disproportionately exposed to both
individual and neighborhood-level socioeconomic disadvan-
tage,14 it is important to evaluate screening measures to better
identify individuals who may need further evaluation and treat-
ment for OSA.
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The Berlin Questionnaire is one of the most widely used and
studied screening tools for obstructive sleep apnea.15 The Berlin
Questionnaire is a brief instrument with 10 questions that can be
easily administered at a doctor’s office. The measure comprises
3 domains: (1) habitual snoring, (2) sleepiness, and (3) hyperten-
sion or BMI > 30 kg/m2. Ameta-analysis of sleep apnea screeners
foundthattheBerlinQuestionnairemostaccuratelypredicteddiag-
nosis of OSA,16 and it has been shown to have specificity in the
detection of mild, moderate, and severe OSA higher than other
screening tools.15,17 However, the meta-analysis did not examine
moderators of the diagnostic accuracy, such as race or sex, leaving
questionsabouthow thequestionnaire functions indiversegroups.

The Berlin Questionnaire has been validated in a variety of
populations and settings. This includes general population, pri-
mary care, and sleep clinic samples (eg, refs. 18–20) in countries
across the world (eg, refs. 21–23). Given the brief nature of the
instrument, it is easy and low-resource to implement, which is a
keyconsiderationwhenworkingwith low-resource communities
with limited access to health services.Despite itswidespreaduse,
no prior research to the best of our knowledge has examined the
diagnostic validity of the Berlin Questionnaire in a largely Black
American sample. A study using data from the Jackson Heart
Study conducted a confirmatory factor analysis to validate the
structure of the questionnaire and examined its internal consis-
tency, finding relatively low internal consistency (alpha =
0.53), but did not explore diagnostic validity.24 There has also
been limited work examining whether the questionnaire func-
tions differently across Black American women and men. A
recent study suggested thatwomen experience fatigue associated
with OSAmore often than men, whereas men experience sleepi-
ness more often. This difference was especially pronounced for
Blackmen.25 This finding was consistent with previous research
suggestingthatwomenwithOSAmaypresentwith“nonspecific”
symptoms, such as fatigue, depression, and sleep disturbances,
compared to symptoms that are seenmore traditionally as indica-
tors of sleep-disordered breathing (eg, snoring, gasping).26

Our study fills several important gaps in the literature. First,
this study provides an opportunity to examine the prevalence of
traditional OSA symptoms, as measured by the Berlin Question-
naire, in a predominantlyBlack, low-income sample. In addition,
because theBerlinQuestionnaire is awidely used screeningmea-
sure and Black Americans are a population at increased risk for
OSA, it is essential to know howwell it functions in this popula-
tion. Our objective was to explore the diagnostic validity of the
Berlin Questionnaire in a community-based sample of predomi-
nantly low-incomeBlack individuals.Given the reported sex dif-
ference in OSA presentation, we also conducted exploratory
analyses to understand whether there were sex differences in the
diagnostic validity of theBerlinQuestionnaire in this population.

METHODS

Participants
Participants were recruited as part of the Pittsburgh Hill/Home-
wood Research on Neighborhood Change and Sleep (PHRESH
Zzz) study, part of a series of studies leveraging a natural experi-
ment of neighborhood-level change in 2 neighborhoods in

Pittsburgh, PA. These neighborhoods are largely low-income,
with an estimated median household income of $17,982 and
$21,492, and 91% of residents are Black.27 A random sample of
householdswas initially recruited for enrollment in 2011 and par-
ticipated in severalwavesofdatacollection, consistingof individ-
ual in-home interviews. Data for the present analyses were
collected in 2016, following the opening of a full-service super-
market and greenspace expansion in 1 of the 2 neighborhoods.
This study was approved by the RAND Institutional Review
Board.

Procedure
In 2016, our sample included 828 individualswho participated in
PHRESHZzz. The in-home interview completed by participants
included theBerlinQuestionnairewith interviewer-administered
(objective) assessments of height and weight following the sur-
vey. In addition, a subsample of individuals were invited to com-
plete an in-home apnea assessment if they had reported never
receiving a diagnosis of OSA by a physician (149 participants
reported a physician diagnosis and were not eligible for the
in-home apnea assessment). Participants were invited to take
part during their in-home interview.Given budgetary constraints
and equipment limitations, the in-home apnea assessment was
limited to the first 291 individualswho agreed to participate. Par-
ticipants with fewer than 3.5 hours of data were excluded from
in-home apnea assessment analyses (n = 22). Our sample for
the present analyses, therefore, included the 269 participants
with in-home apnea assessment data. Individuals in this subsam-
plewere similar to thosewhodid not participate onmost sociode-
mographic variables (including sex and BMI) but were younger
than those who did not participate.

Measures

Sociodemographic characteristics

Participants self-reported their sociodemographic characteris-
tics, including race, age, sex, level of education, and household
income.We also examined indicators of cardiovascular and gen-
eral health for individuals in this sample. This included an indica-
tor of hypertension, which included individuals who reported a
priordiagnosisofhypertension, thosewhoreportedcurrently tak-
ingmedication for hypertension, or who had high blood pressure
byobjectivemeasurement (systolic bloodpressure140mmHgor
higher or diastolic 90 mm Hg or higher). For blood pressure, 2
measurements were taken 60 seconds apart using a Micro Life
automated blood pressuremonitorMicrolifeUSA, Inc, Clearwa-
ter,FL) after theparticipant hadbeen seated for5minutes, and the
average of the measurements was taken (for more detail on the
objectiveassessments, see ref. 28).Self-ratedhealthwasassessed
witha single item,with responsesmadeona5-point scale ranging
from “poor” to “excellent.”29

Berlin Questionnaire

TheBerlinQuestionnairewasadministeredaspart of the in-home
interview. It comprises 10 items and assesses 3 categories of risk
factor for OSA: 1) habitual snoring, 2) sleepiness, and 3) hyper-
tensionorBMI>30kg/m2.BMIwascalculatedusingobjectively
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measured height and weight; hypertension was based on partici-
pant self-report in response to the question, “Do you have high
blood pressure?” The Berlin Questionnaire yields a score for
each category (positive vs negative), and individuals are classi-
fied as high risk for OSA if there are 2 or more categories with a
positive score.

Objective measure of OSA

Participants completed an in-home sleep apnea assessment using
theApneaLinkPlus (ResMed,SanDiego,CA),which is anFDA-
approved, type 3 home sleep apnea testing device.30,31 Auto-
mated scoring was used for scoring of apneas/hypopneas and
all desaturations. In addition, each recordwas reviewed for accu-
racyandeditedasnecessaryby trainedsleep techniciansunder the
supervision of 1 of the study investigators (D.J.B.).

Apnea-hypopnea index (AHI)was calculated as the sum of all
apneasandhypopneasdividedby total evaluation time.Weuseda
4%oxygendesaturation threshold to identifyhypopneas,32which
is considered acceptable according to the American Academy of
Sleep Medicine scoring manual, Version 2.6,33 and recom-
mended by the Center for Medicare &Medicaid Services.34 We
examined 2 thresholds for OSA:AHI≥ 5 events/h, which identi-
fied anyone with mild, moderate, or severe OSA, and AHI ≥ 15
events/h,which allowedus to focus on individualswithmoderate
or severeOSA.17 Participants received feedback about their AHI
results. Those with an elevated AHI were provided information
and recommendations for further evaluation.

Statistical analysis
To examine the diagnostic validity of the Berlin Questionnaire,
we calculated 4 metrics: sensitivity, which indicates the percent-
ageof thosewith theconditionwhoarecorrectlyclassifiedashav-
ing the condition; specificity, which indicates the percentage of
those without the condition who are correctly classified as not
havingthecondition;positivepredictivevalue(PPV),which indi-
cates the percentage of those classified as having the condition
who actually have the condition; and negative predictive value
(NPV), which indicates the percentage of those classified as not
having the condition who actually do not have the condition.
Wealsocomputed the likelihood ratios for apositiveandnegative
test.OurprimaryanalysesexaminedAHI≥15events/has the ref-
erence standard for determining whether an individual has mod-
erate to severeOSA, thoughwealso examined a threshold ofAHI
≥5events/h to identify thosewithmildOSAaswell.17 Inaddition
to examining thesemetrics for the full sample,we also conducted
analyses stratified by sex.Wealso conducted sensitivity analyses
to determine if diagnostic validity varied by level of education.
Data were analyzed using SAS 9.4 (SAS Institute, Cary, NC).

RESULTS

Table 1 presents the demographic characteristics of participants.
A substantial percentage of the sample had BMI greater than 30
kg/m2 (46.8%), and about two-thirds had hypertension based on
self-report or objectivemeasurement.Basedon theoverallBerlin
Questionnaire index, a total of 31.2% of participants were

screened as high risk for OSA. Table 2 reports results of the
home sleep apnea test (HSAT). Approximately 19.3% of partic-
ipants had an AHI ≥ 15 events/h. A greater proportion of men
(30.9%) than women (16.4%) had an AHI ≥ 15 events/h (P =
.02). An additional 37.2% of individuals had an AHI between 5
and 15 events/h.

Table3presents thediagnosticvalidityof theBerlinQuestion-
naire forAHI≥15events/h.Usinga thresholdofAHI≥15events/
h, the overall Berlin Questionnaire index was associated with a
somewhathigher sensitivity (46.2%)andNPV(74.9%)but lower
PPV(28.6%).Specificitywasnot substantiallydifferent (72.4%).
Therewasvariation in the sensitivity and specificity of individual
categories on the Berlin Questionnaire at this threshold as well.
Sensitivity ranged from 9.6% for sleepiness to 84.6% for BMI
or high blood pressure. Specificity ranged from 28.1% for BMI
or high blood pressure to 85.7% for sleepiness. PPV and NPV
were not substantially different for individual Berlin Question-
naire categories. We also examined diagnostic validity using a
threshold of AHI≥ 5 events/h (seeTable S1 in the supplemental
material). Based on this threshold, the Berlin Questionnaire
yielded a lower sensitivity (36.2%) than when AHI ≥ 15 events/
hwas examinedand similar specificity (75.2%).Asimilar pattern
of findings was observed for the variation in diagnostic validity
across the individual categories as was found for the AHI ≥ 15
events/h threshold.

Table4presents results stratifiedbysexforAHI≥15events/h.
The sensitivity of the overall BerlinQuestionnaire indexwas sig-
nificantly lower for men (17.6%) than women (60.0%) in our
sample (P < .01), though specificity was not significantly differ-
ent (71.1%and72.6%, respectively;P=.84).Similarly,bothPPV
and NPV were higher among women (PPV = 30.0%, NPV =
90.3%) than men (PPV = 21.4%, NPV = 65.9%) in our sample,
though this difference was only statistically significant for NPV
(P<.01).Regarding individualcategorieson theBerlinQuestion-
naire, sleepinesswas associatedwith especially low sensitivity in
men (11.8%) and women (8.6%). However, sleepiness also
yielded the highest PPV inmen (40.0%) and the highest specific-
ity inbothwomen (84.4%)andmen (92.1%).TableS2 in the sup-
plemental material presents results stratified by sex for AHI ≥ 5
events/h. No significant sex differences were observed for sensi-
tivity, specificity,PPV,orNPV.Regarding the individualcatego-
ries, the only significant differences observed were for BMI or
high blood pressure, for which specificity and PPVwere signifi-
cantlyhigher inmenvswomen (P= .01andP= .03, respectively).

Finally, we examined diagnostic validity by educational
attainment.Wecompared individualswith less thanahigh school
diploma or a high school diploma/general educational develop-
ment certificate to those with some college or higher for both
AHI≥ 5 and AHI≥ 15 events/h. Analyses yielded no significant
differences for those groups (data not reported).

DISCUSSION

Thispaper aimed toexamine thediagnosticaccuracyof theBerlin
Questionnaire in a sample of predominantly low-income Black
women, recruited from 2 disadvantaged neighborhoods in
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Table 1—Descriptive characteristics (n = 269).

Overall (n = 269) Females (n = 214) Males (n = 55)

Demographic characteristics

Age (years) 55.0 (14.4) 55.0 (14.9) 55.1 (12.8)

Female 79.6% n/a n/a

African American/Black 96.3% 97.7% 90.1%

Education

< High school 11.2% 11.7% 9.1%

High school or GED 38.3% 40.2% 30.9%

Some college/training 37.2% 36.9% 38.2%

College degree or higher 13.4% 11.2% 21.8%

Annual family income ($) 21,700 (17,500) 21,400 (17,000) 23,100 (19,700)

Health/comorbidities

BMI ≥ 30 kg/m2 46.8% 52.3% 25.5%

Mean BMI (kg/m2) 30.7 (7.3) 31.6 (7.4) 27.1 (5.5)

Hypertensiona 68.8% 70.6% 61.8%

Poor or fair self-reported healthb 30.5% 31.3% 27.3%

Positive screen for OSA based on
Berlin Questionnaire

High risk (based on all 3
categories)

31.2% 32.7% 25.5%

Category 1: snoring 32.0% 32.7% 29.1%

Category 2: sleepiness 13.4% 14.5% 9.1%

Category 3: BMI or high blood
pressure

74.3% 78.0% 60.0%

Values are reported as percentage ormean (standard deviation). aIncludes individuals who reported having a prior diagnosiswith hypertension, reported currently
taking medication for hypertension, or who had high blood pressure by objective measurement (SBP 140 mmHg or higher or DBP 90 mmHg or higher). bOther
optionsare “good,” “verygood,”or “excellent.”BMI=bodymass index,DBP=diastolic bloodpressure,GED=generaleducationaldevelopmentcertificate, n/a=not
available, OSA = obstructive sleep apnea, SBP = systolic blood pressure.

Table 2—Home apnea screening results.

Overall (n = 269) Females (n = 214) Males (n = 55)

AHI (events/h) 6.1 (2.7, 12.1) 5.6 (2.7, 11.2) 7.8 (3.4, 17.2)

Normal (< 5) 43.5% 46.3% 32.7%

Mild (5 to < 15) 37.2% 37.4% 36.4%

Moderate (15 to < 30) 12.3% 11.2% 16.4%

Severe (30+) 7.1% 5.1% 14.6%

Duration of evaluation (min) 405.9 (328.6, 473.2) 410.5 (327.6, 476.6) 392.7 (329.1, 448.1)

Duration of recording (min) 446.3 (376.6, 534.1) 453.8 (381.9, 537.2) 427.2 (366.9, 519.5)

Apnea index (events/h) 1.0 (0.0, 4.0) 1.0 (0.0, 3.0) 2.0 (1.0, 8.0)

Hypopnea index (events/h) 4.4 (1.7, 7.9) 4.3 (1.6, 7.7) 4.9 (2.0, 9.2)

Oxygen distress index (events/h) 6.7 (2.3, 12.4) 6.5 (2.2, 11.2) 8.0 (2.8, 16.6)

Minutes saturation ≤ 90% 15.0 (2.0, 109.0) 14.0 (1.0, 101.0) 28.0 (2.0, 122.0)

Values are reported as percentage ormedian (25th, 75th percentile). Four casesweremissing oxygen distress index andminutes saturation≤ 90%. AHI = apnea-
hypopnea index.
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Table 3—Diagnostic accuracy of the overall Berlin Questionnaire score and individual categories, AHI ≥ 15 events/h (n = 269).

Sensitivity Specificity PPV NPV Positive
Likelihood Ratio

Negative
Likelihood Ratio

Overall Berlin
Questionnaire
index

46.2% [32.2%,
60.5%]

72.4% [65.9%,
78.2%]

28.6% [19.2%,
39.5%]

84.9% [78.9%,
89.7%]

1.67 [1.16, 2.40] 0.74 [0.57, 0.97]

Category 1: snoring 46.2% [32.2%,
60.5%]

71.4% [64.9%,
77.3%]

27.9% [18.8%,
38.6%]

84.7% [78.7%,
89.6%]

1.62 [1.13, 2.32] 0.75 [0.58, 0.98]

Category 2:
sleepiness

9.6% [3.2%, 21.0%] 85.7% [80.3%,
90.1%]

13.9% [4.7%,
29.5%]

79.8% [74.1%,
84.8%]

0.67 [0.28, 1.65] 1.05 [0.95, 1.17]

Category 3: BMI or
high blood
pressure

84.6% [71.9%,
93.1%]

28.1% [22.2%,
34.6%]

22.0% [16.5%,
28.4%]

88.4% [78.4%,
94.9%]

1.18 [1.02, 1.36] 0.55 [0.28, 1.07]

Numbers in brackets reflect 95%confidence intervals for each estimate. Sensitivity indicates percentage of thosewith the condition who are correctly classified as
having the condition. Specificity indicates the percentage of those without the condition who are correctly classified as not having the condition. PPV indicates the
percentageof those classified as having the conditionwho actually have the condition. NPV indicates the percentageof those classified as not having the condition
whoactuallydonothave thecondition.Thepositive likelihood ratio indicates theprobabilityofapersonwhohas thedisease testingpositivedividedby theprobability
of a person who does not have the disease testing positive. The negative likelihood ratio indicates the probability of a person who has the disease testing negative
divided by the probability of a person who does not have the disease testing negative. BMI = body mass index, NPV = negative predictive value, PPV = positive
predictive value.

Table 4—Diagnostic accuracy of the overall Berlin Questionnaire score and individual categories by sex, AHI ≥ 15 events/h.

Sensitivity Specificity PPV NPV Positive
Likelihood Ratio

Negative
Likelihood Ratio

Women (n = 214)

Overall Berlin
Questionnaire
index

60.0%* [42.1%,
76.1%]

72.6% [65.5%,
79.0%]

30.0% [19.6%,
42.1%]

90.3%* [84.2%,
94.6%]

2.19 [1.53, 3.14] 0.55 [0.36, 0.84]

Category 1:
snoring

60.0%* [42.1%,
76.1%]

72.6% [65.5%,
79.0%]

30.0% [19.6%,
42.1%]

90.3%* [84.2%,
94.6%]

2.19 [1.53, 3.14] 0.55 [0.36, 0.84]

Category 2:
sleepiness

8.6% [1.8%, 23.1%] 84.4% [78.2%,
89.3%]

9.7% [2.0%, 25.8%] 82.5% [76.2%,
87.7%]

0.55 [0.18, 1.70] 1.08 [0.96, 1.22]

Category 3: BMI
or high blood
pressure

94.3%* [80.8%,
99.3%]

25.1%* [19.0%,
32.2%]

19.8% [14.0%,
26.6%]

95.7%* [85.5%,
99.5%]

1.26 [1.12, 1.42] 0.23 [0.06, 0.89]

Men (n = 55)

Overall Berlin
Questionnaire
index

17.6% [3.8%,
43.4%]

71.1% [54.1%,
84.6%]

21.4% [4.7%,
50.8%]

65.9% [49.4%,
79.9%]

0.61 [0.20, 1.91] 1.16 [0.86, 1.56]

Category 1:
snoring

17.6% [3.8%,
43.4%]

65.8% [48.6%,
80.4%]

18.8% [4.05%,
45.6%]

64.1% [47.2%,
78.8%]

0.52 [0.17, 1.58] 1.25 [0.91, 1.72]

Category 2:
sleepiness

11.8% [1.46%,
36.4%]

92.1% [78.6%,
98.3%]

40.0% [5.3%,
85.3%]

70.0% [55.4%,
82.1%]

1.49 [0.27, 8.12] 0.96 [0.79, 1.17]

Category 3: BMI
or high blood
pressure

64.7% [38.3%,
85.8%]

42.1% [26.3%,
59.2%]

33.3% [18.0%,
51.8%]

72.7% [49.8%,
89.3%]

1.12 [0.72, 1.74] 0.84 [0.40, 1.76]

*Indicates that the value is significantly different for females compared to males, P < .05. Numbers in brackets reflect 95% confidence intervals for each estimate.
Sensitivity indicatespercentageof thosewith the conditionwhoare correctly classifiedashaving thecondition.Specificity indicates thepercentageof thosewithout
the conditionwhoare correctly classifiedasnot having thecondition.PPV indicates thepercentageof thoseclassified ashaving theconditionwhoactually have the
condition.NPV indicates thepercentageof those classifiedas not having the conditionwhoactually donot have the condition. Thepositive likelihood ratio indicates
the probability of a personwho has the disease testing positive divided by the probability of a personwho does not have the disease testing positive. Then negative
likelihood ratio indicates theprobability of apersonwhohas thedisease testingnegativedividedby theprobability of apersonwhodoesnothave thedisease testing
negative. BMI = body mass index, NPV = negative predictive value, PPV = positive predictive value.
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Pittsburgh, PA. About 31% of participants were identified as
high-risk for OSA based on the Berlin Questionnaire. This is
somewhat higher than estimates in other similar samples, such
as the JacksonHeart Study cohort, inwhich 11.9%of participants
were identified as high-risk (3.5% of men and 16.8% of
women).24 However, the Jackson Heart Study sample has a
broader income distribution, whereas our sample is largely low-
income (with an average incomeof$21,700),whichmaycontrib-
ute to this discrepancy.

Regarding the prevalence of OSA based on HSAT, 56.5% of
our sample had AHI ≥ 5 events/h (53.7% of women and 67.3%
of men) and 19.4% had AHI ≥ 15 events/h (16.3% of women
and 31.0% of men). This suggests a higher prevalence of OSA
in our primarily Black sample compared to the general popula-
tion. For example, the Wisconsin Sleep Cohort study found that
an estimated 11% of participants had an AHI ≥ 15 events/h.35

Among individuals with age and BMI similar to our sample,
11% to 29% of women and 5% to 14% of men had an AHI ≥ 15
events/h.35Thesubstantial rateofOSAinour sampleunderscores
the importance of a screening tool with high diagnostic validity.

However, our findings suggest that the Berlin Questionnaire
may not perform adequately as a screening tool for OSA in this
population—specifically, non–treatment seeking, predomi-
nantly Black adults from disadvantaged neighborhoods. In part,
this is because the Berlin Questionnaire appears to be better at
identifying individuals who do not have OSA than those who
do haveOSA, based on the relatively higher specificity than sen-
sitivity in our sample. This was observedwhen bothAHI≥ 5 and
≥ 15 events/hwere used as the criterion forOSA.Thismeans that
many people who do have OSA are not adequately identified,
which is problematic given the downstream consequences of
OSA and higher prevalence of OSA in Black Americans. A
good screening measure should have a high sensitivity. That
said, maximizing specificity has certain benefits—from a cost
and resources perspective, it means fewer people are being
referred to an unnecessary sleep study, which is a consideration
in populations that experience obstacles to accessing quality
health care.36

An important considerationwhen interpreting the findings our
study is that we focused on residents from randomly selected
households in 2 neighborhoods, rather than individuals who
were seeking treatment for sleep-relatedconcerns. Previous stud-
ies have generally found that the Berlin Questionnaire has better

psychometric properties in specialty care settings.37 This is not
surprising, particularly for PPV and NPV, given that the base
rate ofOSAwouldbe expected to behigher in a specialty care set-
ting. Even so, there have been other validation studies that have
found somewhat better psychometric properties for the Berlin
Questionnaire in general-population samples thanwhatwe found
in our sample. For example, a study using a randomly selected
general-population sample of adults in Norway found the overall
BerlinQuestionnaire index resulted in a higherPPV forAHI≥15
events/h than observed in our sample, though sensitivity, specif-
icity, and NPVwere similar.38 Another study in a Greek primary
care sample reported a substantially higher sensitivity and PPV
when AHI thresholds of both ≥ 5 and ≥ 15 events/h were exam-
ined.22,37 However, it is important to note that these studies
were conducted in international samples with translated versions
of the BerlinQuestionnaire (seeTable 5 for a summary of results
from this study and these other 2 studies).

Regarding the role of sex, HSAT results revealed that a sub-
stantially higher proportion of men fell into the moderate or
severe range (30.9% vs 16.4%), which is consistent with work
in other Black samples.39 However, somewhat more women
than men screened positive for OSA on the Berlin Questionnaire
(32.7%vs25.5%),andwefoundthat theBerlinQuestionnairehad
poorer sensitivity andNPV inmen thanwomen (based onAHI≥
15 events/h). Research has suggested that women may present
with more nonspecific symptoms, rather than the traditional
“hallmarks” of OSA.26 Therefore, onemight expect that the Ber-
lin Questionnaire would have better diagnostic validity in men
than women, as the measure assesses the more common symp-
toms of OSA. However, we found that the reverse was true in
this sample. Across the Berlin Questionnaire domains, the sleep-
iness category had the highest PPV in men. This may reflect that
men—especiallyBlackmen—seem to experience sleepiness as a
symptom of OSAmore often than women.25

The primary strength of this study is that it engages a sample of
largely low-income Black individuals—a population that is par-
ticularly at risk for OSA. Despite the increased risk, this popula-
tionhas beenunder-represented inOSAresearch.12 In addition, it
is uncommon for studies inBlackAmerican populations to report
on objective sleep apnea measurements alongside the Berlin
Questionnaire, which is widely used to screen for the condition.
This presented a unique opportunity to explore whether this is
an appropriate measure for this population.

Table 5—Diagnostic validity of the Berlin Questionnaire in the present study and other validation studies focusing on a non-specialty-
care–seeking population.

PHRESH Sample (Present Study) Hrubos-Strøm et al, 201138 Bouloukaki et al, 201322

AHI ≥ 5 events/h AHI ≥ 15 events/h AHI ≥ 5 events/h AHI ≥ 15 events/h AHI ≥ 5 events/h AHI ≥ 15 events/h

Sensitivity 36% 46% 37% 43% 76% 86%

Specificity 75% 72% 84% 80% 45% 61%

PPV 66% 29% 61% 34% 94% 88%

NPV 48% 85% 66% 86% 15% 58%

Includedstudieswereselectedasapoint of comparisonbecause theyusedanoxygendesaturation thresholdof 4%.AHI=apnea-hypopnea index,NPV=negative
predictive value, PHRESH = Pittsburgh Hill/Homewood Research on Neighborhood Change and Sleep, PPV = positive predictive value.
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That said, therearecertain limitationsof thiswork.First, onlya
subsample of participants completed the HSAT, which was not a
random sample of all eligible participants given limitations
related to budget and equipment. Though it is not possible to fully
account for the possibility of bias introduced by this recruitment
strategy, descriptive analyses suggested that there are few differ-
ences between participantswho completedHSAT and thosewho
did not. That said, individuals in the HSAT sample were signifi-
cantly younger, which may have resulted in an underestimate of
OSA prevalence in this sample. Second, our sample included a
higher proportion of females, by design, because the original
study recruited the primary grocery shopper in each household.
It may be that themen included in this sample are not representa-
tive of the overall population ofmen in the neighborhoodswhere
this studywasbased.Finally,wedefinedmoderate to severeOSA
based on AHI only and did not include other symptoms to make
this determination.

Regarding the implications of these findings, as previously
noted, research suggests that the Berlin Questionnaire is more
accurate in patient populations (eg, patients of sleep clinics)—
those already known to be at risk for the condition.37 For PPV
and NPV, this likely reflects in part the higher base rate of OSA
in specialty care populations than the general population. Our par-
ticipants were not treatment-seeking, which may partially explain
our findings.TheUSPreventiveServicesTaskForcehasnot found
enough evidence to determine that OSA should be screened for in
asymptomatic adults,40 andour results are consistentwith that rec-
ommendation. That said,Black individuals are at an increased risk
forOSA,and these findingsmayalso reflect the fact that theBerlin
Questionnaire may not assess symptoms of OSA that are more
common in a Black population. For example, Johnson and col-
leagues39 found that BMI, habitual snoring, and neck circumfer-
ence were associated with higher odds of OSA in an African
American population, whereas sleepiness was not. It may be that
screening for neck circumference rather than sleepiness would
improve the predictive validity of the Berlin Questionnaire.
Although the Berlin Questionnaire is an easy tool, which can be
widely implemented, knowing that the predictive validity varies
across populations is essential. In this way, these findings also
underscore the need to identify and/or develop screening tests
that may be more appropriate for a Black population.

ABBREVIATIONS

AHI, apnea-hypopnea index
BMI, body mass index
HSAT, home sleep apnea test
NPV, negative predictive value
OSA, obstructive sleep apnea
PPV, positive predictive value
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