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SCIENT IF IC INVEST IGATIONS

Diagnostic performance of screening tools for the detection of obstructive
sleep apnea in people living with HIV
Christopher N. Schmickl, MD, PhD; Naa-Oye Bosompra, BA; Pamela N. DeYoung, BA, RPSGT; Dillon Gilbertson, MS; Jeremy E. Orr, MD; Atul Malhotra, MD;
Igor Grant, MD; Sonia Ancoli-Israel, PhD; Maile Karris Young, MD; Robert L. Owens, MD

University of California San Diego, La Jolla, California

Study Objectives: Many people living with human immunodeficiency virus (PLWH) have undiagnosed obstructive sleep apnea (OSA), which may contribute to
commonly reported fatigue and the high cardiovascular disease burden in this population. Our objective was to assess the utility of traditional OSA screening tools
(STOP-BANG, Berlin Questionnaire, and Epworth Sleepiness Scale) for detecting OSA in PLWH.
Methods: Adult PLWH were recruited from sleep/ human immunodeficiency virus clinics and the community into a larger clinical trial that included completion of
these questionnaires before in-laboratory polysomnography. Discriminatory performance of these screening tools was assessed using area under receiver
operating characteristic curves (AUC). The reference standard for the primary analysis was OSA based on an apnea-hypopnea index ≥ 5 events/h using
recommended “1A”-criteria (hypopnea with 3% desaturation and/or arousal). Secondary analyses explored acceptable “1B”-criteria (hypopnea with 4%
desaturation) and/or higher apnea-hypopnea index cut-offs (≥ 15 events/h).
Results: 120 PLWH were included (mean age: 50 ± 11 years; body mass index: 27 ± 4 kg/m2, 84% male) and OSA was diagnosed in 75% using 1A-criteria. In
the primary analysis, the discriminatory performance of the 3 screening tools was low (AUCs 0.58 to 0.70) and similar across the tools (P ≥ .14). In secondary
analyses, STOP-BANG showed moderate-high discriminatory ability (AUCs 0.77–0.80) and performed significantly better (P ≤ .008) than the Berlin Questionnaire
or Epworth Sleepiness Scale (AUCs 0.53–0.62).
Conclusions: OSA was highly prevalent in our cohort of PLWH. Although STOP-BANG could reasonably identify moderate-severe OSA, the tools were not
reliable for mild disease. Specifically, the questionnaires perform poorly for PLWH with mild OSA manifesting with arousals, yet such people may be at risk of
fatigue/sleepiness and impaired memory consolidation.
Clinical Trial Registration: Registry: ClinicalTrials.gov; Title: Obstructive Sleep Apnea Endotypes and Impact on Phenotypes of People Living with HIV (PLWH/
OSA); Identifier: NCT03575143; URL: https://clinicaltrials.gov/ct2/show/NCT03575143
Keywords: obstructive sleep apnea, screening, HIV, people living with HIV
Citation: Schmickl CN, Bosompra N-O, DeYoung PN, et al. Diagnostic performance of screening tools for the detection of obstructive sleep apnea in people living
with HIV. J Clin Sleep Med. 2022;18(7):1797–1804.

BRIEF SUMMARY
Current Knowledge/Study Rationale: People living with human immunodeficiency virus (PLWH) commonly complain of fatigue and are at risk for
cardiovascular disease. Obstructive sleep apnea (OSA) is reported to be common in PLWH, could explain these consequences, yet is rarely diagnosed
and treated.
Study Impact: OSA was found commonly in our cohort of PLWH, yet traditional screening metrics may miss OSA in PLWH. While the impact of OSA
treatment in PLWH remains to be studied, researchers and clinicians should be aware that commonly used OSA screening tools lack sensitivity and
specificity in this population for the detection of some patients with OSA.

INTRODUCTION

Treatment of human immunodeficiency virus (HIV) with anti-
retroviral therapy (ART) is extremely effective at preventing
progression to acquired immunodeficiency syndrome (AIDS)
and opportunistic infections. Where widely available, ART has
resulted in dramatically improved survival and life expectancy.
While more work needs to be done on disease prevention and
availability of ART, there has been increasing focus on man-
agement of symptoms and comorbidities in people living with
HIV (PLWH). Fatigue and sleep problems are commonly
encountered in PLWH. For example, fatigue is very commonly

reported by PLWH even while HIV viral loads are suppressed
and with normal CD4 counts.1,2 In addition, nearly half of
HIV-infected adults report poor sleep quality.3 Coronary artery
disease, diabetes mellitus, and nonalcoholic fatty liver disease
are now recognized as important complications of HIV/ART.4

Obstructive sleep apnea (OSA) is a very common disease
worldwide that is also reported to be common in PLWH. Patil
and colleagues5 found that 70% of participants infected with
HIV in their cohort had OSA (using apnea-hypopnea index
[AHI] 3% criteria and considering an AHI >5 events/h).
Although OSA was similarly prevalent in their control group,
this finding suggests that the majority of PLWH have OSA.
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The PLWH who also had OSA were younger and substantially
leaner (as assessed by body mass index [BMI]) than the
non-HIV controls in this study—and therefore would have been
expected to have a lower prevalence of OSA. Only 12% of the
patients with OSA in the Patil study were obese, suggesting tra-
ditional risk factors for OSA may differ in PLWH. OSA might
also be an important contributor to fatigue in PLWH. For exam-
ple, witnessed apnea, a fairly specific marker of OSA, was a pre-
dictor for clinically relevant fatigue in PLWH.6 Not only do
PLWH complain of fatigue, but in the study by Patil they also
complained with equal frequency of daytime sleepiness (defined
as Epworth Sleepiness Score [ESS] ≥ 11).

Perhaps because PLWH with OSA are younger and thinner
than those without HIV and OSA, or because common OSA
symptoms like fatigue/tiredness are ascribed to HIV, few PLWH
have been evaluated for OSA. In multiple practice settings
including the Veterans Aging Cohort Study (VACS), an urban
clinic, and an academic University Center for AIDS Research
clinic, only about 4% of PLWH were diagnosed with OSA.7,8

Although OSA is often underdiagnosed in general, in the same
Veterans Cohort the rate of OSA diagnosis in non-HIV was
12.4%. Thus, few patients or providers consider OSA in PLWH,
although OSA may contribute to many comorbidities in these
patients. To facilitate better identification of PLWH with likely
OSA, it is important to determine the reliability of commonly
used questionnaires for screening for OSA in PLWH.

Based on all of the above, we sought to evaluate the diagnos-
tic utility of commonly used screening tools for OSA in PLWH.

METHODS

Study design
This was a prospective cohort study of PLWH taking part in a
larger clinical trial (NCT03575143). The study was approved
by the UCSD Human Research Protection Program (#180160),
and all participants gave written informed consent.

Participants
Based on the parent study, eligible participants were those with
HIV and viral suppression (RNA < 200 copies/mL), ages 18-65
years, and BMI 20–35 kg/m2 who were recruited through physi-
cian referral, interest forms, support groups, and flyers in San
Diego. Those recruited were English language speakers (based
on other requirements of the study). Exclusion criteria included:
pregnancy, already on effective therapy and adherent to treat-
ment for OSA, another known sleep fragmenting disorder—
other than insomnia—such as periodic limb movement disorder
or narcolepsy.

Data collection and questionnaires
At a baseline, in-person visit age, height, weight, and neck cir-
cumference were obtained. Three questionnaires frequently used
for screening OSA were completed by participants prior to over-
night sleep recording, which occurred within 0–14 days after the
baseline visit.

STOP-BANG

The STOP-BANG was developed to identify OSA in those
undergoing elective procedures9 and has been validated in a
number of populations.10 The tool relies on signs and symptoms
of OSA, as well as objective data such as BMI and age. It ranges
from 0 to 8, with a score of ≥ 3 typically being used to identify
those at high risk of moderate to severe OSA,10 although in
patients with severe obesity a cut-off of≥ 4 may be preferable.11

Berlin Questionnaire

The Berlin Questionnaire was developed to identify patients in
primary care settings likely to have OSA.12 Similar to STOP-
BANG, it relies on the medical history, demographics, and
signs and symptoms of OSA. A score of ≥ 2 positive categories
(range 0–3 positive categories) has been used to identify those
at high risk of OSA.

Epworth Sleepiness Scale

The ESS measures subjective daytime sleepiness by asking par-
ticipants their likelihood of falling asleep in 8 different scenar-
ios.13 Although less commonly used as a screening tool for
OSA, since excessive sleepiness is a common symptom of
OSA, the ESS has potential value to identify patients with high
risk of OSA.14 It is scored on a scale of 0–24, with scores ≥ 11
denoting excessive daytime sleepiness.

Polysomnography
Participants underwent in-laboratory, attended polysomnogra-
phy (Nihon Khoden America, Irvine, CA) and were instru-
mented in the standard fashion with electroencephalogram,
electrooculogram, and chin electromyogram for sleep staging;
nasal pressure transducer and thermistor for air flow; respira-
tory impedance belts at the thorax and abdomen for respiratory
effort; electrocardiogram for heart rate; and pulse oximetry.
Studies were scored by an experienced single registered poly-
somnography technologist. The AHI was primarily quantified
using American Academy of Sleep Medicine (AASM) recom-
mended criteria “AHI3A” (ie, 1A criteria—hypopnea defined
as a > 30% decrement in nasal pressure with 3% desaturation
and/or an arousal). In addition, we also quantified the “AHI4”
based on the AASM acceptable criteria (ie, 1B, “Medicare”—
hypopnea as > 30% decrease in nasal pressure with 4% desatu-
ration). OSA severity was categorized as mild (AHI ≥ 5 events/
h and < 15 events/h), moderate (AHI ≥ 15 events/h and < 30
events/h), and severe (AHI ≥ 30 events/h).

Reference standard
There is increasing evidence that even patients with mild OSA
that is associated with arousals rather than hypoxemia (ie,
AHI3A ≥ 5 and < 15 events/h), can suffer from, and substan-
tially benefit from OSA therapy with regard to daytime sleepi-
ness, fatigue, and low energy.15,16 Thus, for the primary
analysis we used “any OSA” based on the recommended crite-
rion (ie, AHI3A ≥ 5 events/h) as the reference standard. For
secondary analyses, we further used the AHI4 ≥ 5 events/h and
the AHI3A/AHI4 ≥ 15 events/h (ie, moderate-severe OSA) as
reference standards.
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Analysis
Continuous data are reported as means ± standard deviation
(SD), and categorical data are reported as percentages and abso-
lute numbers, unless stated otherwise. Discriminatory perfor-
mance of the screening tools was assessed by calculating the
area under the empiric receiver operating characteristic curve
(AUC) for each tool and comparing them based on the DeLong
method.17 Discriminatory ability was considered low, moderate,
high based on AUC values of ≤ 0.7, 0.7–0.8, ≥ 0.8, respec-
tively.18 For each tool, we further calculated the sensitivity, spe-
cificity, and positive/negative predictive values (+bootstrapped
95% confidence intervals) for various threshold values with a
special focus on commonly used cut-offs (ie, STOP-BANG score
≥ 3, Berlin Questionnaire ≥ 2 positive categories, ESS ≥ 11).
Analyses were performed using R (3.6.1) including the pROC
package, using P values < .05 to denote statistical significance.

RESULTS

Participants and polysomnography results
In total, 120 PLWH met eligibility criteria and were included in
this study. Participants were middle-aged, predominantly male,
and overweight, with a diverse racial background and one quar-
ter identifying as Hispanic (Table 1). Twenty-two participants
reported a prior diagnosis of OSA. Overall, OSA was present in
90 participants (75%) based on an AHI3A ≥ 5 events/h (28
mild, 20 moderate, 42 severe) and in 69 participants (58%)
based on an AHI4% ≥ 5 events/h (24 mild, 16 moderate, 29
severe). Table 2 summarizes the estimated prevalence of OSA
in the underlying PLWH population based on different severity
levels. Of note, 8 of 28 participants diagnosed with mild OSA
using the AHI3A criteria had an ESS > 10.

Table 1—General characteristics.

Overall Based on AHI3A ≥ 5 events/h

Pb

OSA No OSA

n = 120a n = 90a n = 30a

Demographics

Age (years) 53 [41 to 57] 54 [47 to 58] 46 [32 to 53] < .001

Female sex 18 (15%) 12 (13%) 6 (20%) .39

BMI (kg/m2) 27.7 [24.9 to 29.9] 28.1 [25.4 to 30.5] 25.1 [22.6 to 28.5] .006

Race .33

White 75 (62%) 60 (67%) 15 (50%)

Black or African American 19 (16%) 13 (14%) 6 (20%)

American Indian/Alaska Native 5 (4.2%) 4 (4.4%) 1 (3.3%)

Asian 1 (0.8%) 0 (0%) 1 (3.3%)

More than one race 16 (13%) 10 (11%) 6 (20%)

Native Hawaiian or Other Pacific Islander 1 (0.8%) 1 (1.1%) 0 (0%)

Unknown / not reported 3 (2.5%) 2 (2.2%) 1 (3.3%)

Hispanic ethnicity 30 (25%) 24 (27%) 6 (20%) .63

Sleep Apnea Severity

AHI3A (/h) 17 [5 to 42] 27 [13 to 50] 3 [2 to 4] < .001

AHI4 (/h) 8 [2 to 28] 14 [6 to 39] 1 [1 to 2] < .001

SpO2 nadir (%) 86.0 [80.8 to 89.0] 84.5 [80.0 to 86.0] 89.0 [87.2 to 90.0] < .001

Screening Instruments

STOP-BANG score (n = 108) 3 [2 to 5] 4 [3 to 5] 2 [2 to 4] .002

Berlin Questionnaire score (n = 116) .090

0 24 (21%) 16 (18%) 8 (29%)

1 42 (36%) 30 (34%) 12 (43%)

2 29 (25%) 22 (25%) 7 (25%)

3 21 (18%) 20 (23%) 1 (3.6%)

Epworth score (n = 118) 7.0 [5.0 to 11.8] 8.0 [5.0 to 12.2] 7.0 [5.0 to 8.0] .20

aMedian [25–75%]; n (%). bWilcoxon rank sum test; Fisher’s exact test. AHI3A = apnea-hypopnea index with hypopneas based on a 3% oxygen desaturation
or arousal, AHI4 = apnea-hypopnea index with hypopneas based on a 4% oxygen desaturation, BMI = body mass index.
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Performance of screening tools
Results of the primary analysis are shown in Figure 1 and
Table 3. When using “any OSA” (ie, AHI3A ≥ 5 events/h) as
the reference standard, the discriminatory performance of the 3
screening tools was low (AUCs 0.58 to 0.70) and similar across
the tools (P ≥ .14). Table 4 shows the sensitivity/specificity
and positive/negative predictive values for various thresholds.
With commonly used thresholds, the STOP-BANG (≥ 3) had
modest sensitivity (76%) and specificity (62%), the Berlin
Questionnaire (≥ 2) had low sensitivity (48%) and modest spe-
cificity (71%), and the ESS (≥ 11) showed high specificity
(80%) but very low sensitivity (32%).

In secondary analyses (Table 3), the STOP-BANG showed
moderate-high discriminatory ability (AUCs 0.77–0.80) for the
detection of any OSA when using the acceptable AHI definition
(ie, AHI4 ≥ 5 events/h) or for the detection of moderate-severe
OSA using either AHI definition (ie, AHI3A/AHI4 ≥ 15
events/h). Moreover, in these secondary analyses, the STOP-
BANG showed significantly higher discriminatory power than
both the Berlin Questionnaire or the ESS (P ≤ .008), both of
which had very low discriminatory power (AUCs 0.53 to 0.62).
Details about sensitivity/specificity and positive/negative pre-
dictive values for various thresholds from these analyses are
shown in the supplemental material.

DISCUSSION

In our cohort of middle-aged and mostly overweight (although
not obese) men, OSA was very common. Moreover, we found
that commonly used screening tools for OSA were not particu-
larly sensitive or specific for the diagnosis of OSA using the
currently recommended scoring criteria. Taken together, our
findings suggest the need for better screening tools for this pop-
ulation or consideration of diagnostic testing in those with
appropriate symptoms regardless of screening tool results.

Our patients were largely drawn from our public university
Center for AIDS Research (CFAR) affiliated HIV Medicine
Clinic. Similar to other reports, we found that OSA was very
prevalent, even using conservative diagnostic criteria (eg, AHI4
≥ 15 events/h). Using a definition that may better capture

arousal from sleep, our results are similar to Patil and col-
leagues, who found that 72% of their participants had an AHI
≥ 5 events/h. Their participants were all men and had a similar
mean age (49.9 years) and BMI (25.4 kg/m2) as our cohort. We
note, too, that our cohort had 18 women, of whom 12 (67%)
had OSA as well. While definitive data regarding the true prev-
alence of OSA in HIV are lacking, particularly in women, OSA
appears common in PLWH. And, consistent with prior reports,
most of our participants were not diagnosed with OSA nor were
they treated for OSA.

We focused mostly on OSA as defined by the AASM Rec-
ommended criteria (ie, 1A, 3% or arousal for hypopneas). This
definition will result in a higher prevalence of disease compared
to more stringent 4% oxygen desaturation criteria (ie, 1B or
Medicare). While this reflects a broader debate in the field, we
have argued that no one outcome captures all the clinical rele-
vance of OSA.19 Broadly speaking, it may be that 4% arousals
and/or metrics such as the hypoxic burden reflect risk of cardio-
vascular disease, while arousal-based definitions of disease
might be more important for neurocognitive consequences.20,21

In PLWH, fatigue is a clinically relevant outcome, hence our
focus on this arousal-based criteria. We note that a substantial
fraction of participants found to have an AHI3A in the mild
range (≥ 5 and < 15 events/h) did have an ESS score >10, sug-
gesting excessive daytime sleepiness.

Several lines of evidence suggest that untreated OSA might
have a negative impact on PLWH, especially as this population
ages and combats obesity.22 As above, fatigue and sleep com-
plaints are common in PLWH.6 Untreated moderate and severe
OSA has been associated with high levels of inflammation and
viral load.23 However, it remains to be seen whether diagnosis
and treatment of OSA will improve symptoms and other out-
comes. Our work suggests that clinicians and researchers
should not rely solely on STOP-BANG, Berlin Questionnaire,
and ESS for diagnosis of OSA, or for consideration of further
diagnostic testing.

Some groups have suggested that HIV is a risk factor for
OSA. Proposed mechanisms include upper airway narrowing
due to lipodystrophy (a side effect of earlier ART regimens24)
or chronic inflammation of the upper airway predisposing to
collapse and/or inhibiting upper airway reflexes and muscle

Table 2—Estimated prevalence of OSA in PLWH based on different OSA severity definitions and levels.

Prevalence (95% Confidence Interval)

Any OSA Mild OSA Moderate OSA Severe OSA

AHI ≥ 5 events/h
AHI ≥ 5 &

< 15 events/h
AHI ≥ 15 &
< 30 events/h

AHI ≥
30 events/h

Recommended “AASM” AHI3A 75% (66 to 82) 23% (16 to 32) 17% (11 to 25) 35% (27 to 44)

52% (42 to 61)

Acceptable “Medicare” AHI4 58% (48 to 66) 20% (14 to 29) 13% (8 to 21) 24% (17 to 33)

38% (29 to 47)

AHI = apnea-hypopnea index, AHI3A = apnea-hypopnea index with hypopneas based on a 3% oxygen desaturation or arousal, AHI4 = apnea-hypopnea index
with hypopneas based on a 4% oxygen desaturation, OSA = obstructive sleep apnea, PLWH = people living with human immunodeficiency virus.
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responsiveness.25 Previous work suggesting HIV is a risk fac-
tor for OSA relied on case-control studies, and very few
actually measured the physiology. In our recent report, we
found little evidence to suggest major differences in OSA

pathogenesis in those with and without HIV, accounting for
sex, age, and BMI.26

OSA is increasingly recognized as a heterogenous disorder
with both anatomical and nonanatomical factors important for

Figure 1—Receiver operating characteristic curves of the 3 instruments.

Receiver operating characteristic curves of the 3 instruments (STOP-BANG green; Berlin Questionnaire red, Epworth Sleepiness Score blue) using different
reference standards: (A) AHI3A ≥ 5 events/h (primary analysis); (B) AHI3A ≥ 15 events/h; (C) AHI4 ≥ 5 events/h; (D) AHI4 ≥ 15 events/h. Commonly used
thresholds for each instrument are marked by an “x” followed by the “threshold value (specificity, sensitivity)”. For more details about the sensitivity/specificity of
various thresholds see Table 4 and the supplemental material. AHI3A = apnea-hypopnea index with hypopneas based on a 3% oxygen desaturation or arousal,
AHI4 = apnea-hypopnea index with hypopneas based on a 4% oxygen desaturation.
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Table 3—Area under the receiver operating curve (AUC) for each instrument and the P values for comparisons of AUC’s across
instruments.

AUC (95% Confidence Interval) P Value

AHI Definition and Cutoff STOP-BANG

Berlin
Questionnaire
(Berlin-Q)

Epworth
Score (ESS)

STOP-BANG
vs Berlin-Q

STOP-BANG
vs ESS

ESS vs
Berlin-Q

Primary analysis

AHI3A ≥ 5 events/h 0.70 (0.58 to 0.82) 0.63 (0.53 to 0.74) 0.58 (0.47 to 0.68) .19 .14 .32

Secondary analysis

AHI3A ≥ 15 events/h 0.77 (0.68 to 0.86) 0.54 (0.44 to 0.64) 0.56 (0.46 to 0.67) < .001 .001 .89

AHI4 ≥ 5 events/h 0.77 (0.68 to 0.85) 0.62 (0.52 to 0.72) 0.57 (0.46 to 0.67) .008 .003 .31

AHI4 ≥ 15 events/h 0.80 (0.72 to 0.88) 0.59 (0.48 to 0.69) 0.53 (0.42 to 0.64) < .001 < .001 .35

AHI = apnea-hypopnea index, AHI3A = apnea-hypopnea index with hypopneas based on a 3% oxygen desaturation or arousal, AHI4 = apnea-hypopnea index
with hypopneas based on a 4% oxygen desaturation.

Table 4—Performance characteristics of the different instruments for varying thresholds.

Threshold Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)

STOP-BANG

1 0.99 (0.96 to 1) 0.00 (0 to 0) 0.76 (0.75 to 0.76) 0.00 (0 to 0)

2 0.96 (0.93 to 1) 0.12 (0 to 0.23) 0.77 (0.75 to 0.8) 0.50 (0 to 1)

*3 0.76 (0.66 to 0.84) 0.62 (0.42 to 0.81) 0.86 (0.8 to 0.93) 0.44 (0.33 to 0.58)

4 0.56 (0.45 to 0.67) 0.73 (0.58 to 0.88) 0.87 (0.79 to 0.94) 0.35 (0.27 to 0.43)

5 0.29 (0.2 to 0.4) 0.85 (0.69 to 0.96) 0.86 (0.74 to 0.97) 0.28 (0.23 to 0.32)

6 0.12 (0.06 to 0.2) 1.00 (1 to 1) 1.00 (1 to 1) 0.27 (0.25 to 0.28)

7 0.02 (0 to 0.06) 1.00 (1 to 1) 1.00 (1 to 1) 0.25 (0.24 to 0.25)

Berlin Questionnaire

1 0.82 (0.74 to 0.9) 0.29 (0.14 to 0.43) 0.78 (0.74 to 0.83) 0.33 (0.17 to 0.52)

*2 0.48 (0.38 to 0.59) 0.71 (0.54 to 0.86) 0.84 (0.76 to 0.92) 0.30 (0.24 to 0.37)

3 0.23 (0.14 to 0.32) 0.96 (0.89 to 1) 0.95 (0.84 to 1) 0.28 (0.26 to 0.31)

Epworth Sleepiness Score

1 0.97 (0.92 to 1) 0.00 (0 to 0) 0.74 (0.73 to 0.75) 0.00 (0 to 0)

2 0.95 (0.91 to 0.99) 0.00 (0 to 0) 0.74 (0.73 to 0.74) 0.00 (0 to 0)

3 0.89 (0.82 to 0.94) 0.07 (0 to 0.17) 0.74 (0.71 to 0.76) 0.17 (0 to 0.4)

4 0.83 (0.75 to 0.91) 0.07 (0 to 0.17) 0.72 (0.69 to 0.75) 0.11 (0 to 0.29)

5 0.78 (0.69 to 0.86) 0.20 (0.07 to 0.33) 0.74 (0.7 to 0.78) 0.24 (0.09 to 0.4)

6 0.68 (0.58 to 0.77) 0.40 (0.23 to 0.57) 0.77 (0.71 to 0.83) 0.30 (0.19 to 0.42)

7 0.60 (0.5 to 0.7) 0.47 (0.3 to 0.63) 0.77 (0.7 to 0.84) 0.29 (0.19 to 0.38)

8 0.51 (0.41 to 0.62) 0.60 (0.43 to 0.77) 0.79 (0.71 to 0.87) 0.30 (0.22 to 0.37)

9 0.44 (0.34 to 0.56) 0.77 (0.6 to 0.9) 0.85 (0.76 to 0.94) 0.32 (0.26 to 0.38)

10 0.39 (0.28 to 0.49) 0.80 (0.67 to 0.93) 0.85 (0.76 to 0.95) 0.31 (0.26 to 0.36)

*11 0.32 (0.22 to 0.42) 0.80 (0.67 to 0.93) 0.83 (0.71 to 0.94) 0.29 (0.24 to 0.33)

12 0.28 (0.19 to 0.39) 0.83 (0.7 to 0.97) 0.84 (0.71 to 0.96) 0.29 (0.24 to 0.33)

13 0.25 (0.16 to 0.34) 0.97 (0.9 to 1) 0.96 (0.86 to 1) 0.31 (0.28 to 0.34)

14 0.22 (0.14 to 0.31) 0.97 (0.9 to 1) 0.95 (0.84 to 1) 0.30 (0.27 to 0.33)

15 0.19 (0.11 to 0.28) 1.00 (1 to 1) 1.00 (1 to 1) 0.30 (0.28 to 0.32)

95% confidence intervals (CI) were estimated based on a bootstrap procedure (Nsamples= 2,000). Commonly used cut-offs are marked by an asterisk (*).
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pathogenesis.27 The underlying physiology is important because it
may impact disease manifestations and therefore may help deter-
mine which OSA screening tools work in a given population. For
example, we recently reported very low specificity for STOP-
BANG in those with posttraumatic stress disorder.28 In people with
posttraumatic stress disorder, we hypothesize that the low arousal
threshold pathophysiology is common and may lead systematically
to differences in screening compared to other populations (eg,
lower rate of loud snoring or witnessed apneas).29 Unlike posttrau-
matic stress disorder, our prior work suggests that the underlying
physiology of OSA in PLWH does not differ from persons who are
HIV seronegative. Thus, there should not be observed differences
with screening tools in HIV and non-HIV populations. The sensi-
tivity and specificity we found using these tools in PLWH are simi-
lar to that reported for STOP-BANG and Berlin Questionnaire in
populations without HIV.10,30 For example, if focused on only
finding more moderate or severe “hypoxic” OSA, eg, AHI4 ≥ 15
events/h, in PLWH then STOP-BANG (which was developed
based on AHI4) probably has reasonable performance.

Two limitations deserve mention. First, our participants were
not chosen at random. It is likely that those who participated had
symptoms/concerns that might suggest sleep apnea and they
therefore sought participation in our study. As such, our sample
may be enriched for those with OSA, and our study does not
reflect the true prevalence of OSA in PLWH. However, our anal-
yses regarding sensitivity and specificity are still useful although
limited to the population studied. In particular, the positive pre-
dictive value and negative predictive value for these screening
tests would likely change if applied to populations where the
actual prevalence of OSA was different. For example, positive
predictive value would likely be lower at the cut points we estab-
lished if applied to populations with lower OSA prevalence.30

Second, study results were limited by age and BMI range as per
our parent study’s inclusion criteria. Thus, our results may not be
generalizable to older or heavier PLWH.

In summary, OSA was common in our cohort of PLWH.
Although STOP-BANG performed the best in our cohort, none
of the tools are completely reliable for the diagnosis of OSA, par-
ticularly when using the currently recommended arousal-based
scoring criteria. While the impact of OSA treatment in PLWH
remains to be studied, researchers and clinicians should be aware
that commonly used OSA screening tools lack sensitivity and
specificity in this population for the detection of some patients
with OSA.

ABBREVIATIONS

ART, anti-retroviral therapy
AASM, American Academy of Sleep Medicine
AIDS, acquired immunodeficiency syndrome
AHI, apnea-hypopnea index
AHI3A, apnea-hypopnea index with hypopneas based on a 3%

oxygen desaturation or arousal
AHI4, apnea-hypopnea index with hypopneas based on a 4%

oxygen desaturation
AUC, area under receiver operating characteristic curve

BMI, body mass index
ESS, Epworth Sleepiness Scale
HIV, human immunodeficiency virus
OSA, obstructive sleep apnea
PLWH, people living with HIV
SD, standard deviation
STOP-BANG, snoring history, tired during the day, observed

stop breathing while sleep, high blood pressure, BMI more
than 35 kg/m2, age more than 50 years, neck circumference
more than 40 cm and male sex
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