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Introduction

HIV-infected persons with sustained viremic control in the United States and similar high-

income areas are now projected to live a close-to-normal lifespan[1, 2]. This welcome shift in 

epidemiology has introduced new challenges into the clinical care of individuals living with 

HIV, as longevity has been accompanied by a higher burden of chronic diseases and 

comorbidities, or ‘multimorbidity’[3]. Many of these comorbid diseases are not direct results 

of HIV infection or immunosuppression (and are thus termed HIV-associated non-AIDS, or 

‘HANA,’ conditions); nonetheless, they are independently associated with HIV infection 

and may present earlier, more frequently, or more severely in persons with HIV infection 

than in those without.

Chronic pulmonary disease and respiratory symptoms occur at high frequency among HIV-

infected individuals, and clinically relevant pulmonary conditions are commonly non-

infectious. Non-infectious pulmonary conditions, including chronic obstructive pulmonary 

disease (COPD), gas exchange abnormalities (i.e. diffusing capacity impairment), asthma, 

and cardiopulmonary dysfunction are prevalent among persons with HIV, and HIV infection 

is associated with many of these disorders and is an independent risk factor for COPD[4, 5]. 

Like other HANA conditions, features unique to HIV may contribute to chronic pulmonary 

disease in HIV. Such mediators include chronic inflammation and aberrant immune 

activation and regulation, endothelial dysfunction, oxidative stress, and pulmonary and 

systemic dysbiosis, among others. Further complicating the assessment, HIV infected 

populations are enriched for confounders of the relationship between infection and lung 
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health, including chronic and recurrent infection, injection and inhalational drug use, and – 

most importantly – alarmingly high rates of tobacco smoking. Unraveling the contributions 

of each of these contributors is a focus of current research in HIV-associated comorbidities.

Of additional concern, conditions such as COPD, diffusing capacity impairment, and 

cardiopulmonary dysfunction are not only becoming more frequent as the HIV-infected 

population ages, but they are also progressive. The incident health burden in this population 

will therefore likely worsen over the coming decades. Furthermore, progression may be 

more pronounced or more rapid in persons with HIV, particularly since the contributors to 

disease development and progression are incompletely understood, and no therapies have 

been tested specifically in HIV-infected individuals.

In this article, focused primarily on antiretroviral therapy (ART) era data, we will briefly 

review infectious lung disease in association with HIV, describe respiratory symptoms 

encountered in persons with HIV, and review the literature related to the most common non-

infectious chronic lung diseases in HIV. We will discuss risk factors and pathogenesis of 

disease, outline available data describing differences in disease characteristics between HIV-

infected and HIV–uninfected groups, and describe gaps in the literature and opportunities 

for further investigation to help better prevent and manage chronic lung disease in this 

unique population.

Infectious Pulmonary Complications in the Current Era

While infectious complications of HIV, including pneumonia, are generally less common 

than they were in the pre-ART era[6, 7], pulmonary infection still contributes significantly to 

health burden among individuals with HIV[8]. In fact, pulmonary infection remains the 

leading reason for hospitalization[9]. Continued pneumonia risk may be in part due to 

incomplete penetrance of ART coverage even in high-access regions. Up to 14% of HIV-

infected persons in the United States are not aware of their infection, and a surprisingly low 

percentage (30%) achieve viral suppression[10]. Even in well-treated individuals, pulmonary 

immunity is not completely normal, potentially predisposing to an increased risk of 

pneumonia despite CD4 cell count reconstitution[11]. Thus, pulmonary infection continues to 

threaten at-risk individuals.

Bacterial pneumonia with typical infectious organisms (S. pneumoniae, Haemophilus, 

Pseudomonas, Staph species, and Klebsiella) is the most frequent cause of lower respiratory 

tract infection in patients with HIV[8, 12]. Risk factors, as expected, include low CD4 cell 

count, absence of ART, and tobacco smoking, as well as injection drug use and chronic 

infectious hepatitis[8]. Seasonal influenza has not been proven to be more frequent among 

persons with HIV, but disease may be more severe, particularly in those with CD4 cell 

counts < 200 cells/uL and those not taking ART[13–15]. Importantly, influenza vaccination 

rates among persons with HIV remain suboptimal, at 26–57% in recent cohort studies[16, 17].

Less-typical infections, which are in large part dependent on deficiencies in cell-mediated 

immunity, continue to occur in patients with HIV, particularly in those with a new diagnosis 

of AIDS or those who lack optimal viral control. Tuberculosis is declining among persons 
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with HIV on ART therapy[18, 19], as ART is associated with decrease in incidence of TB 

across populations and at all levels of CD4 cell count[20]. Pneumocystis pneumonia (PCP) 

remains a leading cause of opportunistic infection, though the incidence has significantly 

decreased following the advent of ART[6]. Risk factors include CD4 cell counts < 200 

cells/uL, lack of PCP prophylaxis, homelessness, and history of other AIDS-defining 

illness[21, 22]. Crypotoccus and the endemic mycoses (Histoplasma, Coccidiodes, and 

Blastomyces) may all cause pneumonia in persons with HIV. Cryptococcosis was a frequent 

fungal pathogen in the pre-ART era, but incidence has decreased dramatically in the ART 

era[21, 23]. Although primary pulmonary disease occurs, it is now rare[23]. Regarding the 

endemic mycoses, lower CD4 cell count is associated with coccidioidomycosis, and 

pulmonary disease severity is worse with lower CD4 cell counts, higher HIV viral load, and 

absence of ART[24]. Histoplasma infection is associated with detectable viremia, suggesting 

significant risk in association with poor viral control and immune function[25, 26]. There are 

no data available regarding epidemiology of Blastomyces, but blastomycosis should be 

considered as a potential fungal pathogens in persons who have visited endemic regions.

Respiratory Symptoms and Functional Capacity

Respiratory symptoms are common among HIV-infected persons when assessed in research 

settings. Although few studies have specifically included validated assessment tools 

targeting patient experience of respiratory health (e.g. the St. George’s Respiratory 

Questionnaire [SGRQ]), several investigators have included basic questionnaire data 

regarding patient self-report of symptoms. These symptoms, including cough and phlegm 

production, breathlessness, or wheeze have been found in greater than 30% of participants in 

HIV cohort studies[27–31]. Comparisons of symptoms between persons with HIV and those 

without have varied by setting and cohort[28, 32]. A large study sampling 3,872 participants 

from the U.S. multicenter MACS (Multicenter AIDS Cohort Study) and WIHS (Women’s 

Interagency HIV Study) cohorts found HIV to be an independent risk factor for cough, 

dyspnea, and wheeze among men in the MACS and for wheeze among women in WIHS[28]. 

A recent Cochrane meta-analysis and systematic review also found that people living with 

HIV are more likely than those without to experience respiratory symptoms. Cough was 

only significantly more common in association with HIV in populations without access to 

ART in the pooled estimates (possibly representing infectious etiologies), but breathlessness 

was more common in HIV-infected persons despite ART[33].

Chronic respiratory symptoms are not typically isolated findings. In the general population, 

respiratory symptoms have been associated both with poorer health-related quality of life 

and with underlying lung disease[34]. In persons with HIV, symptoms may similarly be 

attributable to chronic lung disease and have been associated with abnormal pulmonary 

function testing, including worse airway obstruction and decreased diffusing 

capacity[28, 30, 32, 35] as well as elevated pulmonary artery pressures on echocardiogram[36]. 

Additionally, respiratory symptoms and functional impairment are related, likely via linkage 

with underlying pulmonary disease. A commonly used and validated measure of functional 

capacity and physical endurance is the six-minute walk distance[37]. A study of US veterans 

with HIV found chronic cough to be independently associated with worse performance on 

six-minute walk testing, mediated by worse airflow limitation on pulmonary function 
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testing[29]. Data from the same cohort found that chronic cough or phlegm and reduced six-

minute walk distance were associated with radiographic emphysema among persons with 

HIV, but not in those who were not HIV-infected[38]. This differential symptom association 

in persons with early pulmonary disease has raised questions as to whether systemic and 

local inflammation in HIV lung disease is a unique contributor to respiratory symptoms and 

functional impairment.

There may also be associations of respiratory symptoms with quality of life and underlying 

pulmonary disease that are unique to HIV. A recent cross-sectional study of respiratory 

health status comparing SGRQ scores in HIV-infected ART-treated adults versus uninfected 

persons found that HIV infection was independently associated with worse respiratory 

health status[39]. Among persons with HIV, worse airflow obstruction, current smoking, and 

higher serum levels of the inflammatory marker IL-6 have been associated with worse 

SGRQ scores[40].

Pulmonary function testing is indicated as part of the initial evaluation for lung disease in 

persons with chronic respiratory symptoms and for monitoring of lung function in known 

lung disease. Of concern, despite the high prevalence of reported respiratory symptoms and 

participant experience of poor respiratory health status, diagnostic pulmonary testing of 

symptomatic individuals is infrequently performed in HIV clinics[28]. One study specifically 

identifying HIV-infected persons at increased risk for obstructive lung disease found that of 

those identified as high-risk (83% of whom were classified as such based on chronic 

respiratory symptoms, prior hospitalization for respiratory indication, or reported history of 

chronic lung disease), 90% had never had spirometry[41]. These findings suggest either that 

respiratory signs and symptoms are not ascertained in clinical care outside of the research 

setting, or that appropriate diagnostic testing is not readily pursued. Under-recognition of 

symptoms and disease in clinical practice may lead to missed opportunities for risk 

reduction and treatment among persons with HIV.

Non-Infectious Pulmonary Complications of HIV

Although the risk of acute pulmonary infections has decreased in the modern ART era, non-

infectious pulmonary complications have taken on increased importance. HIV infection is an 

independent risk factor for several clinically important respiratory syndromes and diseases, 

including COPD, diffusing capacity impairment (a decrease in respiratory gas exchange), 

asthma, and pulmonary hypertension. These conditions are associated with increase in 

respiratory symptoms, decreased health-associated quality of life, increased healthcare costs, 

and increased mortality. Of note, primary lung cancer, which is beyond the scope of this 

review, is also more common among people living with HIV than uninfected persons, and is 

the leading cause of cancer-related death. HIV-associated lung cancer has been reviewed in 

detail elsewhere[42, 43].

The degree to which these conditions are driven by specific HIV-related factors versus 

shared confounding risk factors remains unclear, but broad unifying syndromes inherent to 

acute and chronic HIV infection have been proposed as pathophysiologic mechanisms 

leading to pulmonary disease and symptoms. These include microbial translocation and 
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resultant inflammation, chronic inflammation engendered by lymphocyte activation, 

macrophage/monocyte activation, endothelial dysfunction, oxidative stress, and changes to 

the host microbiome (Figure 1). Translational investigations assessing contributions of each 

of these inter-related processes to pulmonary disease and dysfunction will be reviewed.

Chronic Obstructive Pulmonary Disease and Emphysema

COPD is a disease characterized by persistent airflow limitation and is classically described 

as resulting from two phenotypes or patterns of pathology: chronic bronchitis and 

emphysema. Chronic bronchitis is characterized by airway inflammation and mucus 

hypersecretion, clinically manifest by chronic cough and sputum production. Emphysema 

describes the loss of surface area and gas exchange capacity of lung alveoli; the destruction 

of lung tissue also contributes to physiologic abnormalities including decrease in lung elastic 

recoil with subsequent “air trapping” or dynamic hyperinflation. Both phenotypes of COPD 

are associated with breathlessness, decreased functional capacity, and decreased quality of 

life. COPD is diagnosed in the clinical setting by demonstrating airflow obstruction on 

spirometry. Emphysema also leads to gas diffusing impairment on pulmonary function 

testing, and may be recognized radiographically on chest imaging studies, including 

quantitative and qualitative interpretations of computed tomography (CT) scans. COPD is 

typically a smoking-related disease, but among persons with HIV, as in the general 

population[44], pulmonary function abnormalities and emphysema are also detected in non-

smokers, suggesting additional mechanisms of pathophysiology that are independent of 

smoke exposure.

COPD is one of the better-characterized HIV-associated chronic lung diseases, with a long 

history in the epidemic. The first formal report of HIV-associated COPD in 1989 described 

premature bullous disease and emphysema in 42% of CT scans of persons with AIDS in a 

retrospective chart review[45]. A study published in 2000, including both pre- and post-ART 

participants, documented an increased frequency of radiographic emphysema in young 

persons infected with HIV (15%), including those who did not smoke tobacco, compared to 

matched controls (2%)[46]. Subsequent descriptive cohort studies have generally reported 

high proportion and rate of COPD, either from administrative data or self-report[4, 5] or as 

measured by spirometry[27, 30, 47–55], with prevalence reports of 3–27% for airflow 

obstruction and 10–37% for radiographic emphysema[46, 52, 56–58], depending on the 

classification methods used (Table 1). Some studies have reported lower prevalence of 

airflow obstruction, with percentages between 3–7% [31, 59–62], generally in cohorts with 

younger age and/or lower current or cumulative exposure to tobacco or biomass smoke, 

though not universally[31]. The few studies that have assessed overlap of radiographic 

emphysema and airflow obstruction find that emphysema is frequently independent of 

airflow obstruction[38, 52] (Figure 2), a finding that is also noted in general population 

studies and that suggests potential differences in pathophysiology[63]. It is worth noting that 

the presence or absence of radiographic emphysema is dependent on the method used for 

quantifying the CT data and the selection of a cutoff for ‘normal’ versus ‘abnormal;’ thus, 

studies including negative controls are particularly useful, but they are rare[38, 46].
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Despite the strong association with smoking in the HIV-uninfected population, HIV-infected 

persons without smoke exposure also exhibit fixed airflow obstruction[48], and multiple 

studies have identified HIV infection as an independent risk factor for prevalent 

COPD[4, 5, 28, 55], radiographic emphysema[64], incident diagnosis of COPD[5], and more 

frequent COPD exacerbations[65]. These data suggest that HIV infection contributes to 

COPD independent of usual pathways.

Clinically identifiable risk factors for COPD among individuals with HIV are frequently the 

same as those in the general population (Table 1). Across most cohorts, older age and 

cigarette smoking remain independent risk factors for COPD or airflow 

obstruction[27, 35, 41, 48–53, 62]. Other identified independent factors in some groups have 

included include low body mass index (BMI)[41, 50, 59], injection drug use[48, 49], history of 

bacterial pneumonia[27] or colonization[61], Pneumocystis pneumonia[35, 49, 66], pulmonary 

tuberculosis[52, 59], and co-infection with infectious hepatitis C[41, 50, 66]. The contribution of 

hepatitis C to airflow obstruction beyond injection drug use remains unclear, and not all 

studies find an independent effect[67].

HIV-specific risk factors such as ART use, CD4 cell count, and HIV viral levels have been 

examined in most studies of HIV and pulmonary function. Two single-center cross-sectional 

studies found a positive association between ART use and risk of spirometry-defined COPD. 

The prevalence of ART prescription in these studies was approximately 80%, and CD4 cell 

count and HIV viral load were not associated with COPD[27, 48]. A recent study assessed 

pulmonary function trajectories in the Strategic Timing of Antiretroviral Treatment (START) 

trial[68], an international prospective trial randomizing ART initiation to immediate versus 

deferred (until CD4 cell count < 350 cells/uL or AIDS developed) in HIV-infected 

individuals naïve to ART with CD4 cell counts > 500 cells/uL[69]. In this trial, there were no 

differences in spirometry changes or respiratory symptoms between groups, supporting that 

ART does not directly contribute to worse pulmonary function. Given the trial’s enrollment 

criteria, however, deleterious effects of ART attributable to reconstitution of the immune 

system in persons with lower nadir CD4 counts or higher viral loads cannot be ruled out.

Associations with CD4 cell count have been reported in several studies[30, 41, 51, 64]. In one 

report, lower CD4 count was linearly associated with increased odds of COPD[41], while in 

the others, very low CD4 cell count (< 200 cells/uL) were required to demonstrate 

associations with airflow obstruction[30, 51]. All of these cohorts reported high rates of ART 

prescription (89–98%). A study evaluating risk of emphysema found a nadir CD4 cell count 

< 200 cells/uL significantly associated with risk of radiographic emphysema[64].

Regarding viral load, one study in a cohort of high-risk injection drug uses found that high 

HIV viral RNA level (>200,000 copies/mL) was associated with obstructive lung disease 

when comparing to HIV-uninfected participants[47]. Other studies assessing HIV viral load 

did not use the same stratification methods in analyses, and findings are therefore difficult to 

compare. Perhaps in contrast to the other reported findings, a study evaluating self-report of 

COPD exacerbation among injection drug users with spirometry-confirmed COPD found 

that HIV-infected persons with higher CD4 cell counts (> 350 cells/uL) or undetectable HIV 

viral levels had increased odds of exacerbation when compared to uninfected controls, while 
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those with lower CD4 cell counts or detectable viremia did not[65]. The reasons for these 

findings are not clear.

Finally, a recent HIV emphysema study found that low CD4/CD8 ratio (<0.4), associated 

with chronic inflammation and T-cell activation in HIV[70], was independently associated 

with higher odds of emphysema when compared to a high CD4/CD8 ratio (>1.0)[58]. 

Interestingly, a small translational study also found lower CD4/CD8 ratio in the 

bronchoalveolar lavage fluid of HIV-infected patients compared to controls[71].

The contradictory results about the impact of HIV-associated variables are likely secondary 

to differences among cohorts in duration of HIV, level of HIV control, and alternate risk 

factors, as well as varying methods of analyzing data. Additionally, potentially pertinent 

contributors such as true nadir CD4 cell counts, periods of ART adherence/non-adherence, 

and duration of HIV are difficult to capture retrospectively, and may account for 

unmeasurable differences among participants and between cohorts.

Mechanistic contributors to COPD including oxidative stress, systemic inflammation, 

cellular senescence, immune activation, and endothelial dysfunction have been evaluated in 

a smaller number of translational studies. Oxidative stress is a feature of both HIV 

infection[72] and COPD[73], and has been assessed in basic and translational studies[74–76]. 

For example, one translational study measuring decreased glutathione, a marker of oxidative 

stress, in bronchoalveolar fluid collected from persons with and without HIV found HIV 

infection without ART (compared to HIV-uninfected) to be a risk factor for oxidative 

stress[77]. How this finding relates to pulmonary function is not yet clear. Systemic 

inflammation, immune activation, and cellular senescence may be linked in HIV[78–80], with 

mechanisms including low level HIV viral persistence[81, 82], microbial translocation[83, 84], 

or viral co-infection (CMV[85], EBV[86], hepatitis[87]) as drivers of T-cell or B-cell pattern 

recognition and stimulation. Elaboration of inflammatory mediators may contribute to 

COPD; therefore, these links have been assessed in translational studies, below.

Given that COPD in the general population has been associated with dysfunctional systemic 

inflammation[88, 89] that also typifies chronic HIV[90–92], a relationship between the two has 

also been sought as a possible mechanism of HIV-associated COPD. One cross-sectional 

study in HIV found increases in peripheral IL-6 and C-reactive protein (CRP) with airflow 

obstruction, while IL-8 was not associated; additionally, surface markers of T-cell activation 

were associated with abnormal spirometry[93]. IL-6 was similarly associated in another 

cohort, while IL-8 and TNF-alpha were not[94]. Cellular senescence, also a feature of 

chronic HIV infection and inflammation, may be important in HIV-related COPD. Shorter 

telomere length was seen in individuals with worse spirometry in one cross-sectional 

study[93]. T-cell surface markers of replicative senescence in the same study were 

paradoxically associated with better spirometry,[93] a phenomenon potentially explained by 

unique effects of HIV infection on terminal differentiation of effector memory T cells[95]. 

More recently, investigations have examined monocyte and macrophage activation. The 

circulating monocyte marker sCD163 was increased in individuals with worse spirometry,
[94] and sCD14 was associated with greater risk of radiographic emphysema in persons with 

HIV, but not in HIV-uninfected persons[64]. High levels of sCD163 have also been associated 
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with incident chronic lung disease in a prospective cohort study of HIV-infected persons; 

notably, the association between sCD163 and chronic lung disease was strongest in 

nonsmokers[96] . Similarly, circulating endothelin-1, a biomarker of endothelial dysfunction, 

was a significant biomarker for airflow obstruction in persons with HIV, but had no 

relationship to pulmonary function in HIV-uninfected individuals[94]. Taken together, these 

studies suggest an interaction between monocyte markers, endothelial dysfunction, and other 

inflammatory pathways and risk of COPD that may be unique to HIV.

Few studies have examined lung function trajectory among persons with HIV, and decline of 

spirometry measures of lung function has been performed only over relatively short-term 

follow-up periods[54, 94, 97, 98]. Lung function normally declines with increasing age, but 

whether lung function declines more rapidly among persons with HIV than those without 

has not been proven. One prospective study in a high-risk cohort of injection drug users 

enrolling both HIV-infected and uninfected individuals found greater decline among 

individuals with the highest threshold of viral load (> 75,000 copies/mL) and the lowest 

CD4 cell counts (< 100 cells/uL) when compared to uninfected persons[98]. Certain clinical 

risk factors beyond HIV-specific variables have been associated with worse trajectory. One 

study assessing the qualitative assessment of radiographic emphysema over several years of 

follow-up found that 17% of participants progressed, with risk factors for progression 

including baseline presence of combined centrilobular and paraseptal emphysema (present in 

23% of the cohort), worse DLco, high pack-years smoked, male sex, and lower BMI[99]. 

While single-center cross-sectional studies found associations between ART use and COPD, 

a large prospective study evaluating pulmonary function decline in association with initiation 

of ART found no difference in rate of lung function decline between people randomized to 

initiate ART at CD4 cell counts > 500 cells/uL versus at CD4 cell counts < 350 cells/uL[69].

Several mechanisms might contribute to lung function decline in HIV. One study evaluating 

biomarkers of inflammation, monocyte activation, and endothelial dysfunction in HIV-

infected and uninfected participants found that endothelin-1 independently predicted worse 

airflow obstruction over time in HIV-infected persons; other biomarkers were not 

significantly associated with decline[94]. Additional research in large cohorts including HIV-

infected and uninfected participants, with sustained longitudinal follow-up, is necessary to 

define the natural history of airflow obstruction in HIV-infected persons and to define 

modifiable risk factors to reduce the incidence and progression of COPD.

Diffusing Impairment

A common measure of pulmonary function, diffusing capacity for carbon monoxide 

(DLCO), is a sensitive surrogate for gas exchange across the alveolar capillary membrane, 

and is associated with functional impairment and with clinical symptoms, including 

breathlessness and dyspnea on exertion. Reduction of the DLCO may be secondary to 

destruction of the alveolar interface (from emphysema/COPD), scarring of the interface 

(interstitial lung disease or fibrosis), or pulmonary vascular disease/cardiopulmonary 

dysfunction. Diffusing capacity is not always measured as part of routine pulmonary 

function testing or in the research setting, thus fewer data are available for DLCO than for 

spirometry. When DLCO measures have been obtained in HIV cohorts, DLCO deficits are by 
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far the most common pulmonary function abnormality and are in some cases severely 

abnormal[30, 48, 52, 54, 66, 94]. HIV has been shown to be an independent risk factor for DLCO 

impairment in cohorts including HIV-infected and uninfected participants in both the pre- 

and post-ART eras[30, 66]. Interestingly, while in many cases DLCO impairment is seen in 

association with abnormal spirometry or radiographic emphysema[30, 66, 99, 100] (and 

therefore likely to represent lung disease), significant DLCO impairment is also found with 

normal spirometry, suggesting another pathophysiology driving gas exchange impairment in 

these participants[30, 48, 66, 97](Figure 2). Certain cohorts have found diffusing impairment to 

correlate with abnormal echocardiogram findings, with increased tricuspid regurgitant 

velocity (TRV) suggesting elevated pulmonary artery pressures or cardiopulmonary 

dysfunction as a contributor[36, 100], but a significant portion of HIV-infected individuals 

have neither COPD nor cardiac dysfunction to explain their DLco impairment.

Several characteristics have been found to define diffusing impairment in HIV infected 

persons. These include expected pulmonary risk factors, such as smoking, low BMI[30, 48, 52] 

and injection drug use, in addition to HIV-specific risk factors, including CD4 cell counts < 

200 cells/uL[30, 66] and CDC stage C HIV[52]. A study that stratified by smoking status 

(ever-smokers versus non-smokers) found that among smokers, DLCO was most strongly 

associated with airflow obstruction and radiographic emphysema, whereas in non-smokers, 

forced vital capacity and changes in sputum cell counts were associated with DLco, 

supporting different mechanisms of diffusing impairment between groups[100]. Finally, 

blood markers of diffusing impairment have been evaluated in two studies. In one study 

including only HIV-infected persons, serum IL-6 and CRP were increased in individuals 

with worse DLCO, suggesting a Th1 inflammatory component[93]. Another study including 

both HIV-infected and uninfected participants also found that higher IL-6 and TNF-alpha 

were independently associated with worse DLCO. Additionally, markers of monocyte 

activation (sCD163, IL2 receptor), microbial translocation (lipopolysaccharide), and 

endothelial dysfunction (endothelin-1) were linked to lower DLco in HIV-infected 

individuals[94]. The trajectory of DLCO over time in HIV-infected persons and the degree to 

which it may be affected by modifiable risk factors remain unclear. One study found 

diffusing capacity in HIV-infected persons to decline over time[54], while another found a 

paradoxical increase in DLCO over time[94], though the latter was possibly secondary to 

regression to the mean. This study did not find significant differences in DLCO trajectory 

between HIV-infected and –uninfected groups, but was performed over a limited period of 

follow-up and was likely underpowered to detect such differences.

Asthma

Asthma is the most frequent chronic lung disease in the United States, but compared to the 

data for COPD in HIV, there are far fewer data regarding asthma in adults with HIV. One 

single-center U.S. study found a very high prevalence of doctor-diagnosed asthma (20.6%) 

in HIV-infected adults[101]. Another report in the multicenter MACS and WIHS cohorts 

found that asthma was the most frequent self-reported respiratory diagnosis in each group 

(13.5% prevalence in MACS and 22.9% in WIHS), although no significant difference in 

prevalence or incidence of diagnosis was found between HIV-infected and uninfected 

participants[28]. Administrative data from Canada assessing multimorbidity in HIV 
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(irrespective of pre- or post-ART) found a prevalence of asthma claims of 12.7%[102]. In 

contrast, a cross-sectional study performed in Zimbabwe found a much lower burden of self-

reported asthma (4.3%)[103]. Information on risk factors was not available in this study.

Spirometry findings supporting asthma include reversible airflow obstruction evidenced by 

improvement in airflow in response to bronchodilator, or airway hyper-reactivity detected on 

bronchoprovocation testing with a bronchial irritant such as methacholine. The U.S. single-

center study referenced above found bronchodilator reversibility in 9% of HIV-infected 

participants[101]. Another cross-sectional study including HIV-infected and uninfected men 

found a 26.2% prevalence of airway hyper-reactivity in HIV-infected men (versus 14.4% of 

uninfected controls)[104].

Clinical factors associated with asthma in HIV-infected persons have been assessed. These 

risks include innate factors such as female sex and family history of asthma, as well as 

potentially modifiable exposures such as prior history of pneumonia and obesity [28, 101]. 

Interestingly, higher BMI was also associated with increased asthma risk, and there appears 

to be an asthma phenotype of obese HIV-infected females who are at risk for adult-onset 

asthma. ART use was found to be associated with lower risk of asthma in one study, but data 

are not conclusive[101]. Biomarkers that have been associated with asthma in HIV include 

atopic markers such as sputum eosinophils[101] and IgE[104], and inflammatory mediators 

IL-4 and RANTES[101]. Non-traditional markers associated with chronic HIV infection[101] 

and adipose-related inflammatory mediators such as adiponectin are also linked to asthma in 

HIV infection[105]. Adipokines have been related to obesity-related asthma in the general 

population, and the relationship between adipokines and HIV-associated lipodystrophy 

suggests possible disease mechanisms which may been enriched in those with HIV[106].

Pulmonary Hypertension and Cardiac Dysfunction

Pulmonary hypertension has been recognized as a complication of HIV since the pre-ART 

era, and prevalence estimates suggest that frequency has not significantly changed following 

ART, remaining at approximately 0.5% of HIV-infected persons[107, 108]. Cohort studies in 

the ART era suggest that elevated pulmonary arterial pressures assessed via echocardiogram 

were much more common, with clinically significant elevations in the tricuspid regurgitant 

velocity (TRV) or pulmonary artery systolic pressure (PASP) in 8–35% of 

participants[36, 109, 110]. HIV was found to be an independent risk factor for elevated PASP 

in one of these studies, with sevenfold greater odds of PASP elevation in HIV-infected 

participants[109]. The significance of elevated pulmonary artery pressures on 

echocardiogram is not known, and it is unclear if this finding confers a greater risk of 

developing true pulmonary hypertension in the future.

Reports of association of HIV-related factors with pulmonary hypertension are conflicting, 

with some studies reporting association with ART or low CD4 cell count (< 200 cells/uL) 

while others do not[36, 107, 109]. The molecular mechanisms of pulmonary hypertension in 

HIV remain under investigation, having been linked to viral factors directly via HIV viral 

proteins contributing to pathogenesis[111–113], and also indirectly with markers of 

inflammation (IL-6 and interferon-gamma)[36] and endothelial dysfunction (asymmetric 

dimethylarginine[114] and endothelin-1[115, 116]) relating to elevated pulmonary pressures on 
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right heart catheterization or echocardiogram. A recent study of both HIV-infected 

individuals and a simian immunodeficiency virus-infected non-human primate model found 

a relationship between glutaminolysis and pulmonary hypertension[117]. Other work in 

animal models and cell lines implicates interactions of HIV and drugs of abuse such as 

cocaine and opiates in pulmonary hypertension[118–120].

Despite the increased relative risk of pulmonary hypertension in this population, the absolute 

risk of developing Group 1 pulmonary hypertension remains relatively small. Much more 

common, and thus likely representing a much greater burden of symptoms, is cardiac 

dysfunction, including left ventricular systolic and diastolic dysfunction. While “heart 

failure” may not typically be considered a pulmonary disease, the symptoms of cardiac 

dysfunction overlap considerably with pulmonary abnormalities, and shared risk factors and 

pathogenesis may underlie cardiac and pulmonary complaints. A study assessing the overlap 

between cardiac dysfunction and pulmonary function in HIV-infected persons found that 

elevated PA systolic pressure and tricuspid regurgitant velocity were associated with worse 

airflow obstruction and worse diffusing capacity, and participants with elevated tricuspid 

regurgitant velocity had increased respiratory symptoms[36]. In HIV-uninfected persons, left 

ventricular diastolic dysfunction has been found in association with COPD, and is associated 

with worse functional capacity (including 6MWD)[121], and heart failure syndromes in 

general are associated with worse diffusing impairment[122], the most common of the HIV-

associated pulmonary function abnormalities.

Congestive heart failure is a more frequent diagnosis among persons with HIV than in 

uninfected controls[123]. A retrospective cohort study from 2011 involving veterans enrolled 

in the VACS and the Lung Health Study of Veterans found an adjusted hazard ratio of 1.8 for 

incident heart failure during approximately 7 years of follow up. In this cohort, HIV RNA of 

> 500 copies/mL was associated with higher risk of heart failure[124]. A follow-up large 

study of administrative VA data evaluating 98,015 participants without baseline CVD again 

found an increased risk of incident heart failure diagnoses in association with HIV, with 

significantly increased hazard ratios for both preserved and reduced ejection fractions. HIV 

RNA of > 500 copies/mL was associated with increased risk of heart failure with reduced 

ejection fraction (HFrEF), and CD4 cell count < 200 cells/uL (versus >= 500) was 

associated with increased risk of both HFrEF and heart failure with preserved ejection 

fraction (HFpEF). Participants younger than age 40 at baseline had a particularly 

pronounced risk of incident HF diagnosis[125].

A large ART-era meta-analysis published in 2013, including 11 studies (mean pooled age of 

participants 42, 21% with hypertension and 23% with active smoking), found reports of LV 

systolic dysfunction of around 8% and LV diastolic dysfunction around 43%. Predictors of 

systolic dysfunction in this analysis included elevated high-sensitivity CRP, active tobacco 

smoking, and prior myocardial infarction. Predictors of diastolic dysfunction included older 

age and HTN. HIV-associated risk factors such as CD4 cell count and HIV RNA were not 

identified as predictors, but most (98%) participants were on ART with undetectable HIV 

RNA (74%)[126].
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Therapies for Lung Diseases in HIV

Ideal therapies for chronic lung diseases such as COPD, asthma, and pulmonary 

hypertension in HIV are largely unknown. The majority of trials in these diseases have not 

included HIV-infected individuals. Standard therapies are therefore generally recommended, 

but specific concerns exist in the HIV-infected population. In particular, commonly used 

therapies such as inhaled corticosteroids for COPD and asthma may have more side effects 

in those with HIV including increased adrenal suppression from interactions with certain 

antiretroviral agents, mainly ritonavir and cobicistat[127]. Additionally, inhaled 

corticosteroids are associated with increased risk of bacterial pneumonia[128] and 

tuberculosis[129–131] when used in persons with chronic lung disease in the general 

population; these concerns are of particular relevance to individuals with existing immune 

suppression, particularly in regions with higher tuberculosis burden. There has been a single 

published study investigating treatment of COPD specifically in HIV-infected 

individuals[97]. This study was a small randomized pilot study of rosuvastatin in persons 

with HIV and airway obstruction or DLco impairment. It demonstrated a trend of slower 

decline in airway obstruction and an increase in DLco after 24 weeks of treatment when 

compared to placebo, possibly mediated via pleotropic anti-inflammatory effects, including 

effects on endothelial function[97] . Data in larger cohorts are necessary to confirm this 

finding.

The greatest opportunity for modification of respiratory disease in the HIV-infected 

population likely lies in intensifying focus on smoking cessation. In industrialized areas, 

smoking prevalence among persons with HIV is double that in the general population[132]. 

Large epidemiologic study estimating attributable mortality associated with smoking in 

European and North American cohorts suggest that smoking may in fact cause more lost life 

years than HIV infection itself[133, 134]. Quit rates for smokers are significantly less among 

persons with HIV[132], but the majority of HIV-infected individuals express and interest in 

quitting and have made at least one quit attempt[135, 136]. For HIV-infected persons who 

smoke, supporting their efforts to quit smoking[137] must be a priority for improving lung 

health, as well as general health.

Areas of uncertainty and opportunity

Despite an increased recognition of chronic pulmonary disease and symptoms in individuals 

with HIV infection, there are still many unanswered questions. First, limited longitudinal 

data exist describing the trajectory of pulmonary function, functional capacity, and mortality 

among persons with and at risk for lung disease over time. Current data suggest that persons 

with HIV, particularly those with poor virologic control, experience more rapid decline over 

time[98]. Longer-term prospective data in larger, contemporary cohorts enrolling both 

infected and well-matched uninfected individuals with and without typical pulmonary 

disease risk factors are needed to 1) better define the course of disease, 2) identify predictors 

of progressive disease and 3) identify and confirm targets to reduce the risk and progression 

of disease. Additionally, despite the shared risk factors and physiologic intersection between 

cardiac dysfunction and pulmonary disease in HIV, and the enhanced focus on 

multimorbidity in chronically infected patients, very few studies in the literature have 
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directly assessed the overlap between cardiac dysfunction and pulmonary disease and 

outcomes among persons with HIV. Finally, for persons who are diagnosed with chronic 

lung disease or respiratory symptoms, aside from the salutary effects of smoking 

cessation[138], very little data are available regarding clinical care and therapy. These gaps 

will be very important to address to improve the respiratory health of people living longer 

with HIV in the current era.
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Figure 1. 
Mediators and confounders of the relationship between chronic HIV infection and lung 

disease
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Figure 2. 
Overlap of emphysema, airflow obstruction, and diffusing impairment in HIV-infected 

persons with respiratory abnormalities
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