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A Wake-up Call for Human Immunodeficiency Virus 
(HIV) Providers: Obstructive Sleep Apnea in People Living 
With HIV
Robert L. Owens1 and Charles B. Hicks2

Divisions of  1Pulmonary, Critical Care and Sleep Medicine and 2Infectious Disease, University of California, San Diego, La Jolla

(See the Major Article by Alvi et al on pages 447–55.)

Obstructive sleep apnea (OSA) is defined by repetitive collapse of the upper airway during sleep leading to transient hypoxemia and 
arousals from sleep. Surges in sympathetic activity, repeated oxygen desaturation, and sleep fragmentation can lead to cardiovascular 
(eg, myocardial infarction) and neurocognitive (eg, excessive daytime sleepiness) consequences. Emerging data suggest that OSA is 
common in people living with human immunodeficiency virus (PLWH) and that traditional risk factors for OSA, such as obesity, 
are not highly predictive of OSA in PLWH. Untreated OSA is associated with increased fatigue and levels of inflammation. Despite 
these data, most PLWH with OSA remain undiagnosed and untreated. Improved awareness of OSA among healthcare providers and 
greater use of OSA diagnostic approaches have the potential to substantially improve quality of life and outcomes in PLWH.

Keywords. HIV; PLWH; sleep; obstructive sleep apnea; fatigue.

In 2013, Deeks and colleagues wrote that “the end of AIDS” 
had arrived, and that human immunodeficiency virus (HIV) 
infection was now a chronic disease [1]. While provocative, 
the authors noted that the availability of effective and gener-
ally well-tolerated antiretroviral therapy (ART) for people living 
with HIV (PLWH) had translated into dramatically improved 
survival and life expectancy. For those who have access to 
therapy and are adherent, AIDS-related illnesses are unlikely 
to substantially limit overall survival. The impact of greatly 
improved ART includes a remarkable change in the epidemi-
ology of HIV in the United States where it is now estimated that 
>50% of PLWH are >50  years old [2]. However, treatment is 
not cure, and it does not fully restore immune health or elimin-
ate other consequences of chronic HIV infection. Furthermore, 
chronic treatment may have long-term side effects that only 
become apparent over years of use. Thus, while the current 
research focus on the issues of HIV infection prevention and 
cure is appropriate and ongoing, an additional important area 
of investigation is improved understanding of the symptoms 
and comorbidities of PLWH. Specifically, understanding HIV-
associated comorbidities, coinfections, and complications is 

a high-priority topic of research by the National Institutes of 
Health and Office of AIDS Research [3].

Among the most common and prominent symptoms 
reported by PLWH are those related to fatigue and difficulty 
sleeping. Nearly half of HIV-infected adults report poor sleep 
quality [4]. Fatigue is very commonly reported by PLWH even 
when HIV viral replication is suppressed and restoration of nor-
mal CD4 cell counts has been achieved [5, 6]. A host of other 
cardiovascular and metabolic complications such as coronary 
artery disease, diabetes mellitus, and nonalcoholic fatty liver 
disease are increasingly recognized as important complications 
of HIV infection and its treatment [7, 8]. We believe that one 
relatively unexplored comorbidity that may link these symp-
toms and complications in PLWH is obstructive sleep apnea 
(OSA). As illustrated in Table  1, many comorbidities experi-
enced by PLWH are also negatively affected by OSA.

OSA is defined by repetitive collapse of the upper airway 
during sleep leading to transient hypoxemia and arousals from 
sleep. In the general population, OSA is associated with, broadly 
speaking, cardiometabolic and neurocognitive consequences. 
Surges in sympathetic activity that accompany arousal from 
sleep engender the release of adrenaline, cortisol, and other 
hormones, which, coupled with repeated oxygen desaturations, 
are hypothesized to lead to increased incidence of hyperten-
sion, stroke, and myocardial infarction. These hormones tend 
to antagonize the effects of insulin, potentially increasing the 
risk of diabetes in people with OSA. The fragmentation of sleep 
that defines OSA is thought to be the cause of neurocognitive 
symptoms such as excessive daytime sleepiness and lapses in 
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attention that can have serious consequences, for example, 
increased automobile accidents [9]. Although mechanisms have 
not been elucidated, the degree and duration of OSA-associated 
hypoxemia are correlated with increased cancer risk.

Recent estimates suggest that roughly 10% of the US popula-
tion has clinically important OSA (roughly 13% of middle-aged 
men and 6% of middle-aged women). This relatively high preva-
lence reflects both aging of the population and the obesity pan-
demic, 2 factors known to contribute to OSA risk [10]. In older 
populations, the prevalence may be even higher [11]. The most 
commonly prescribed treatment for OSA is continuous posi-
tive airway pressure (CPAP), which acts as a pneumatic splint 
to keep the upper airway open during sleep. Unfortunately, ad-
herence to CPAP is far from ideal. Delayed diagnosis of OSA 
and erratic adherence to CPAP treatment may explain the lack 
of definitive data demonstrating improvement in mortality 
with the use of CPAP. Nonetheless, for adherent patients there 
are well-established benefits of CPAP in many patient-centric 
domains impacted by untreated OSA, such as fatigue, quality of 
life, and reduction in motor vehicle accidents [12–14].

WHAT IS KNOWN ABOUT OSA IN PLWH?

There has been limited study to date of OSA in PLWH (“HIV 
sleep apnea” yields only 42 citations in PubMed since 1995 [the 
last Clinical Infectious Diseases publication was in  2003], vs 
>1000 for “HIV fatigue”). Early case reports focused on ade-
notonsillar hypertrophy as a potential cause of OSA in HIV-
infected persons [15]. Later, lipodystrophy and weight gain after 
ART were postulated as potential causative factors [16, 17, 18]. 
To our knowledge, there have been no studies examining the 
impact of OSA treatment in PLWH. More recent work in the 
last decade has included the following observations:

1. OSA appears to be common in PLWH. Studies of the 
prevalence of OSA in PLWH are imperfect, largely due 
to challenges of completing gold standard diagnostic 
testing (polysomnography) on large groups of PLWH.  
Recent emphasis on issues of chronic disease diagnosis and 
management in PLWH has generated some relevant data. 
Using a subset of subjects at one site of the Multicenter AIDS 
Cohort Study (MACS) who underwent polysomnography, 
Patil and colleagues found that 70% of HIV-infected subjects 
in their cohort had OSA [19]. Although the prevalence of 
OSA was similar in their control group, this finding suggests 
that a substantial fraction of men living with HIV may have 
undiagnosed OSA. (We know of no studies using polysom-
nography in women with HIV.) Goswami and colleagues 
used a questionnaire-based approach to try to estimate OSA 
prevalence in PLWH [20]. In a sample of mostly men (about 
20% women), nearly a quarter endorsed witnessed apneic 
events, a fairly specific (but insensitive) marker for OSA. 
Taken together, these data suggest that there may be substan-
tial numbers of PLWH with undiagnosed OSA. As preva-
lence estimates using administrative databases have been far 
lower (see below), these data also suggest the need for better 
estimates of the prevalence of OSA, ideally using objective 
testing in unselected populations.

2. Traditional OSA risk factors may not predict OSA in PLWH. 
Traditional risk factors for OSA include older age and 
increased weight. In the study mentioned above, PLWH who 
had OSA were younger and substantially leaner (as assessed 
by body mass index [BMI]) than the non-HIV-infected con-
trols in this study—and therefore would have been predicted 
to have a lower prevalence of OSA [21]. Furthermore, while 
OSA is often thought of as a disease of obesity, only 12% of 

Table 1. Strong Overlap in Comorbidities Experienced by People Living With Human Immunodeficiency Virus and Those Impacted by Obstructive Sleep 
Apnea

Comorbidity In PLWH In OSA

Diabetes 2–3 times the incidence of new-onset diabetes compared to 
non-HIV [29, 30]

Multiple experiments/models show decreased insulin sensitivity 
with decreased sleep or OSA (reviewed in [31])

Cardiovascular disease HIV associated with 50% higher risk of acute MI beyond 
traditional risk factors;

ART may predispose [32] (reviewed in [33])

OSA a risk factor for hypertension and sudden cardiac death 
among others [34] (reviewed in [35])

Stroke 17% higher risk for ischemic stroke in men with HIV compared 
to non-HIV [36] (reviewed in [37])

OSA is a potential modifiable risk factor [38]; treatment poststroke 
may aid recovery [39] (reviewed in [40])

COPD >40% have respiratory symptoms, 21% with airway 
obstruction, linked with ART use [41] (reviewed in [42])

Coexistent COPD and OSA associated with increased mortality [43]; 
mortality attenuated by CPAP adherence [44] (reviewed in [45])

Neurocognitive 
dysfunction

Problems persist into the modern treatment era [46] (reviewed 
in [47])

OSA associated with brain morphology changes [48]; treatment 
with CPAP improves neurocognitive architecture [49] (reviewed 
in [50])

Non-AIDS-defining 
cancers

Lung, liver, lymphoma, and melanoma, among others, higher in 
HIV compared to non-HIV [51]

OSA increasingly linked with higher incidence of cancers com-
pared to non-OSA [52]

Liver disease NAFLD is common in PLWH, even those without HBV or HCV 
[53, 54]

OSA independently associated with NAFLD and advanced 
liver histology; absence of OSA is protective of fibrosis [55] 
(reviewed in [56])

Abbreviations: ART, antiretroviral therapy; COPD, chronic obstructive pulmonary disease; CPAP, continuous positive airway pressure; HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, 
human immunodeficiency virus; MI, myocardial infarction; NAFLD, nonalcoholic fatty liver disease; OSA, obstructive sleep apnea; PLWH, people living with human immunodeficiency virus.
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the HIV-infected OSA patients in the Patil et al study were 
obese. In cohorts of people with OSA from the general popu-
lation (which generally exclude HIV-infected persons), most 
affected individuals are indeed overweight or obese. In con-
trast, in the subset of men in the MACS cohort described 
above (mean age, 49.9  years; mean BMI, 25.4  kg/m2), the 
prevalence of OSA was 70%.
The apparent high prevalence of OSA in the absence of tra-
ditional risk factors in PLWH suggests that other factors may 
be important in this population. In this same study, current 
or prior ART use was associated with an increased preva-
lence of OSA compared to those who had no prior exposure 
to ART (90% vs 57%). The underlying mechanisms by which 
HIV and or ART may contribute to OSA are unknown. Some 
older ART drugs/regimens were associated with lipodystro-
phy, a disorder that could increase airway narrowing/collapse 
at lower BMI levels. However, more contemporary treatment 
regimens are not linked to lipodystrophy, so other mecha-
nisms must be considered. In addition to anatomy, nonana-
tomical factors such as upper airway muscle responsiveness 
and ventilatory control are important predisposing factors for 
OSA. Could neuropathic or myopathic dysfunction induced 
by HIV/ART in the upper airway promote collapse? The 
physiology of OSA in PLWH is being explored in the authors’ 
ongoing work [22], but more research is clearly needed.

3. Untreated OSA may be relevant for symptoms in PLWH. 
When examining predictors of fatigue in PLWH, Goswami 
and colleagues found expected covariates including opioid 
use, antidepressant use, depression, and sleep duration <6 
hours. But the strongest predictor of fatigue was witnessed 

apnea [20]. Fatigue is one of the most commonly reported 
symptoms among PLWH, even in persons with suppressed 
HIV replication (undetectable HIV RNA). We note that 
although sleepiness and fatigue may be distinct symptoms 
with distinct underlying pathobiology, the 2 terms are often 
closely intertwined and/or used interchangeably by patients. 
To emphasize this point, in the MACS, 25% of PLWH com-
plained of persistent fatigue, but there was also a similar pro-
portion (26%) of patients who were considered excessively 
sleepy by questionnaire results. Thus, clinicians may need 
to consider disorders of excessive sleepiness (such as OSA) 
when evaluating patients who complain of fatigue.

4. Untreated OSA is likely to be associated with ongoing 
inflammation. In patients without HIV infection, OSA is 
associated with increased inflammation via a variety of path-
ways (see, eg, [23, 24]). In PLWH, the presence of moderate 
or severe OSA was associated with an increased likelihood of 
C-reactive protein elevations >3.0 mg/dL (odds ratio [OR], 
6.9; 95% confidence interval [CI], 1.1–43.1; P  =  .04) [21],  
as well as higher levels of tumor necrosis factor α [25]. 
How OSA might be related to ongoing viral replication or 
diminished viral clearance is not known, but in PLWH with 
untreated OSA, greater than moderate sleep apnea was asso-
ciated with HIV RNA levels >10 000 copies/mL (OR, 7.1; 95% 
CI, 1.0–50.6; P = .05).

5. Few PLWH with OSA are diagnosed or treated. Few HIV pro-
viders have familiarity with or expertise in recognition and 
diagnosis of OSA. The lack of diagnostic consideration may 
be exacerbated by the fact that PLWH with OSA are younger 
and thinner than those in the general population. Moreover, 

Figure 1. Prevalence of conditions in descending order for 1844 human immunodeficiency virus–infected patients receiving care at the University of Alabama Birmingham. 
However, based on other literature, obstructive sleep apnea is likely to be underdiagnosed. Reprinted with permission from Kim et al [27]. Abbreviations: MACS, Multicenter 
AIDS Cohort Study; OSA, obstructive sleep apnea; PLWH, people living with human immunodeficiency virus; VA, Veterans Affairs.
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common OSA symptoms such as fatigue/tiredness are often 
ascribed to HIV itself. As a consequence, few PLWH have been 
diagnosed with OSA. In multiple practice settings (including the 
Veterans Aging Cohort Study [26], an urban HIV clinic, and a 
university Center for AIDS Research clinic [27]), only about 4% 
of PLWH had been diagnosed with OSA. Although OSA is often 
underdiagnosed in general, in the same veterans cohort the rate 
of OSA diagnosis in HIV-uninfected persons was 12.4%. Thus, 
few patients or providers consider OSA in PLWH, although it 
may be important for many comorbidities (Figure 1).

WHAT IS TO BE DONE?

Recently, there have been a variety of efforts to understand the 
role of sleep and sleep disorders in PLWH. More substantial 
resources have been made available by the National Institutes 
of Health (see, eg, RFA-HL 18-004–006, which allocate R01 and 
K12 resources potentially to sleep disorders in HIV). For ongo-
ing research efforts, we encourage researchers to consider sleep 
and/or sleep apnea as a potential contributor to the some of the 
many comorbidities linked to HIV infection. As seen in Table 1, 
OSA impacts cardiovascular, metabolic, hepatic, and neurocog-
nitive health—and emerging evidence appears to link OSA to 
the development and progression of cancer.

Most urgently, we suggest that clinicians who care for PLWH 
consider the diagnosis of OSA when evaluating patients with fa-
tigue, tiredness, or excessive sleepiness. While the diagnosis and 
treatment of OSA in PLWH may produce modest improvements 
in control of comorbidities such as hypertension or diabetes, 
there may be very substantial improvements in fatigue/sleepiness 
and overall quality of life in PLWH whose OSA is appropriately 

treated. Although existing OSA screening tools sometimes focus 
on obesity and may be imperfect for PLWH, they represent a rea-
sonable starting point and can be rapidly and easily completed 
during an office visit (see [28] for a review). In the absence of 
access to sleep medicine clinic diagnostics, portable or “home” 
sleep testing provides widespread availability to initial diag-
nostic testing for OSA (Figure  2). Following, diagnosis, CPAP 
remains the gold standard treatment for moderate to severe OSA. 
While adherence to CPAP has been relatively low in the past and 
remains an active area of research, advances in airway pressure 
delivery, interface (mask) design, and real-time feedback to users 
have all tended to improve adherence over time. Thus, at all levels 
beyond the initial suspicion of sleep apnea, diagnosis and therapy 
have improved and become more patient-friendly.

In the >3 decades since the first cases of AIDS were recog-
nized, enormous progress in the diagnosis and treatment of 
HIV infection has been achieved. If we are indeed at a time 
when we can think about “the end of AIDS,” we should recog-
nize that these accomplishments are the fruit of extraordinary 
efforts of patient/public engagement in the research process. 
The time has come to devote similar energy and passion to the 
many comorbidities impacting quality of life in the millions who 
live with HIV worldwide, including OSA. While there is still 
much to learn about sleep and sleep apnea in PLWH, diagnostic 
and treatment devices that could make a big difference among 
PLWH are widely available in the developed world, and it is time 
for HIV providers to wake up to the idea of OSA in PLWH.

Note
Potential conflicts of interest. R. L. O. has received consulting fees from 

Novartis, and honoraria and travel fee reimbursements from ResMed and 

Figure 2. Example of portable sleep monitor, which can be applied and worn in the patient’s own home.
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