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Abstract
In the era of effective antiretroviral therapy (ART), epidemiologic studies have found that HIV-
infected persons have a higher prevalence and incidence of chronic obstructive pulmonary disease
than HIV-uninfected persons. Recently, pulmonary function studies in HIV-infected persons have
shown a high prevalence of airway obstruction, bronchodilator reversibility, and impaired
diffusing capacity. In comparison to HIV-uninfected persons and those with well-controlled HIV
disease, HIV-infected persons with poor viral control or lower CD4 cell count have more airflow
obstruction, a greater decline in lung function, and possibly more severe diffusing impairment.
This chapter will review the evidence linking HIV infection to obstructive lung disease and
discuss management issues related to the treatment of obstructive lung disease in HIV-infected
patients.
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Introduction
Obstructive lung disease includes the most common lung conditions in the general
population, asthma and chronic obstructive lung disease (COPD). While described as two
separate disorders, there is much overlap in their pathology, physiology, and clinical
manifestations.1 Both conditions are becoming more common in the developing worlds:
asthma likely from multiple factors2, 3, and COPD from smoking.4 Obstructive lung disease
is increasingly recognized as a common comorbidity in HIV-infected individuals. Beyond
the typical risk factors, HIV infection may itself be an independent risk factor for obstructive
lung disease.

© 2013 Elsevier Inc. All rights reserved.

Correspondence: Kristina Crothers, M.D., Division of Pulmonary and Critical Care Medicine, Department of Medicine, University of
Washington School of Medicine, Harborview Medical Center, 325 Ninth Avenue, Box 359762, Seattle, WA 98104, crothk@uw.edu.

Contact Information: Matthew R. Gingo, M.D, M.S., University of Pittsburgh School of Medicine, 628 NW MUH, 3459 Fifth
Avenue, Pittsburgh, PA 15213, 412-624-3045, Fax: 412-624-7383, gingomr@upmc.edu

Alison Morris, MD, MS, University of Pittsburgh School of Medicine, 628 NW MUH, 3459 Fifth Avenue, Pittsburgh, PA 15213,
412-692-2210, Fax: 412-692-2260, morrisa@upmc.edu

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Clin Chest Med. Author manuscript; available in PMC 2014 June 01.

Published in final edited form as:
Clin Chest Med. 2013 June ; 34(2): 273–282. doi:10.1016/j.ccm.2013.02.002.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



This chapter will review the evidence for HIV infection as a risk factor for obstructive lung
diseases, namely COPD and asthma. Additionally, studies identifying potential mechanisms
leading to airways disease – airflow obstruction and airway hyperreactivity – will be
discussed. Finally, we will consider the treatment of HIV-related obstructive lung disease.

Increased chronic obstructive lung disease/emphysema
The Global Initiative on Obstructive Lung Disease (GOLD) group defines COPD as
“persistent airflow limitation that is usually progressive”… and ”associated with an
enhanced chronic inflammatory response in the airways and the lung.”5 COPD results from
emphysema, small airways inflammation, bronchoconstriction, excess mucus in the airways
or a combination of these factors. Fixed airflow obstruction is required to diagnose COPD,
and is defined by GOLD criteria as a ratio of the forced expiratory volume in one second
(FEV1) over the forced vital capacity (FVC) of less than 70%. COPD can also be diagnosed
based on a ratio of the FEV1/FVC that is below the lower limit of normal (less than the 5th

percentile). Impaired diffusing capacity of the lung (DLco) can be a manifestation of
significant emphysema.6, 7

Cigarette smoking is the major risk factor for development of COPD. However, as not all
smokers develop COPD, other factors appear to be involved8, including genetic factors such
as alpha-one antitrypsin deficiency, and factors such as race and gender. Occupational and
environmental factors can also play a significant role.9–12 HIV-infected individuals may
represent another population with an increased susceptibility to COPD.

Prior to effective ART, abnormalities of pulmonary function associated with HIV were first
noted by the Pulmonary Complications of HIV Infection Study (PCHIS). In longitudinal
pulmonary function evaluation of 1,300 participants, HIV-infected persons had more
dyspnea compared to HIV-uninfected persons, and injection drug users (IDU) reported more
cough and sputum production.13 Lower diffusing capacity for carbon monoxide (DLco) was
more common in those with respiratory symptoms and in smokers and IDU, and HIV-
infected persons had a lower DLco percent predicted. These findings need to be interpreted
with caution since the prevalence of African-Americans was different in the groups, and the
DLco prediction equations did not account for race. Also, DLco tended to be lower in those
persons with CD4+ cell counts below 200 cells/μl.

Early in the HIV epidemic, it was thought DLco impairment was primarily due to HIV-
related inflammation or infection, and DLco was worse with more severe HIV disease.14–17

However, data from Diaz and colleagues demonstrated that emphysema was an important
determinant of a decreased DLCO. HIV-infected smokers without a history of pulmonary
infections had emphysema by either PFT or CT scans18, and emphysema also occurred in
HIV-infected persons who were non-smokers.19 Twenty-three percent of HIV-infected
smokers without a history of pulmonary infections had emphysema by either PFT or CT
scan compared to only 2% of HIV-uninfected controls matched for age and smoking, and
37% of HIV-infected persons with a greater than 12 pack-year smoking history had
emphysema compared to none of the HIV-uninfected controls. Diaz reported a series of 4
HIV-infected non-smokers who had air-trapping, decreased DLco, and emphysema on CT
scan.19 These observations suggest that prior to ART, HIV was a risk factor for COPD or
interacted with other risk factor(s) in the development of COPD, particularly of the
emphysema subtype.19

Since the advent of effective combination ART, several studies have sought to determine the
prevalence and risk factors for COPD, and for abnormal pulmonary function associated with
HIV infection. Two studies from the Veteran’s Aging Cohort Study (VACS) suggest that
HIV infection is an independent risk factor for COPD.20, 21 The first assessed 1014 HIV-
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infected and 713 HIV-uninfected men enrolled at 5 VACS Sites for diagnoses of COPD
determined by ICD-9 diagnostic codes and patient self-report on questionnaire. Unadjusted
prevalence of COPD in HIV-infected vs. HIV-uninfected by ICD-9 codes was 10% vs. 9%
(p = 0.4) and by participant self-report was 15% vs. 12% (p = 0.04). After adjusting for
differences in age, smoking, race/ethnicity and other potential confounders such as injection
drug use and alcohol abuse, HIV-infected subjects were approximately 50% to 60% more
likely to have COPD than HIV-uninfected subjects by either ICD-9 codes or patient self-
report. The second VACS study tracked the incidence of lung disease by ICD-9 diagnosis in
33,420 HIV-infected veterans and 66,840 HIV-uninfected veterans matched by age, sex,
race and ethnicity, and site.21 The incidence of new COPD diagnosis was 20.3 per 1000
person-years, and incident COPD was 8% greater in HIV-infected persons 50 years old and
17% greater in HIV-infected persons < 50 years old compared to HIV-uninfected controlling
for age, race and ethnicity, sex, alcohol disorders, drug abuse, and hepatitis C infection. In a
subgroup with data to control for smoking history, HIV-infected participants had even
greater incidence rate compared to HIV-uninfected: 11% greater in persons 50 years old and
25% greater in persons < 50 years old. The difference in rates between HIV-infected and
uninfected persons was greater at younger ages suggesting a potential earlier onset of lung
disease in HIV-infected persons; competing risk for mortality could also account for a lower
relative difference in older HIV-infected compared to uninfected individuals.

Pulmonary function has recently been measured in several cohorts that include HIV-infected
persons (Table 1).22–28 In HIV-infected persons, airflow obstruction is common, possibly
more common than would be expected. Spirometry from 234 HIV-infected individuals
found 8.6% had an FEV1/FVC below the 5% lower limit of age, race, and gender predicted
normal22, and lower FEV1/FVC was associated with older age, smoking, history of bacterial
pneumonia, and ART use. In a separate cohort of 167 HIV-infected outpatients, an FEV1/
FVC < 0.7 was found in 21.0%, and airflow obstruction was associated with smoking, IDU
and ART use.23 Another cohort of 98 individuals had a 16.3% prevalence of obstructive
lung disease (FEV1/FVC < 0.70 and an FEV1 < 80% predicted), which was associated with
age, smoking, intravenous drug use, and history of Pneumocystis pneumonia.25 Compared
to data from the National Health and Nutrition Evaluation Survey (NHANES) III, this HIV
cohort appeared to have greater prevalence of obstructive lung disease even with similar
prevalence of smoking. In a cohort of intravenous drug abusers, airflow obstruction (FEV1/
FVC < 0.70) was present in 16.8% of HIV-infected participants26, and HIV-infected
participants with a viral load > 200,000 copies/mL were approximately 3.4 times more likely
to have obstructive lung disease than HIV-uninfected participants. HIV-infected participants
with controlled viral loads had similar rates of obstruction as HIV-uninfected participants.

Diffusion impairment (a common manifestation of emphysema) remains a frequent
abnormality in the current HIV era. In one recent study, 64% of HIV-infected individuals
had a DLco < 80% predicted23, and in another, 43% had a DLco < 1.645 residual standard
deviations below predicted values.27 Diffusion impairment, while worse in smokers, is also
quite common in never smokers. In these two studies, 48% and 9% of never smokers
respectively had impaired diffusing capacity. Reduced diffusing capacity was also
associated with use of pneumonia prophylaxis.23 In longitudinal follow-up, DLco declined
significantly and to a greater degree than other lung function parameters.27 Additionally, a
comparison of lung function between 229 HIV-infected and 213 HIV-uninfected
participants from the Multicenter AIDS Cohort and VACS studies found that HIV infection
was independently associated with impaired diffusing capacity.29

The decrease in DLco likely has significant clinical relevance. In our experience, lower
DLco is a significant predictor of mortality.30 In a cohort of 237 HIV-infected participants
followed for 3 years on average, individuals who died had a significantly lower DLco
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(51.3% predicted versus 66.0% predicted, p = 0.004). The odds of death if the DLco was
below 60% predicted were significantly greater independent of age, smoking history, ART
use, and CD4 cell count (adjusted odds ratio = 6.31, 95% confidence interval = 1.21–32.9, p
= 0.029). These findings suggest that lung diseases in HIV-infected individuals are an
important health concern and either directly contribute to mortality or are a marker of an
underlying systemic process.

Mechanistic factors associated with COPD
In addition to smoking, HIV-related factors appear to contribute to COPD/emphysema as the
disease appears to be accelerated in HIV-infected smokers and is also seen in non-smokers.
Poorly controlled HIV has been associated with worse pulmonary function,21, 26 and greater
decline in lung function.28 In the VACS study, lung diseases such as asthma and COPD
were less likely in those with lower HIV RNA levels and use of ART at baseline. The AIDS
Linked to Intravenous Experience study cohort directly measured pulmonary function and
also found that individuals with HIV viral levels above 200,000 copies/ml had worse airway
obstruction.26 In a follow-up longitudinal study of this cohort, high viral loads (> 75,000
copies/mL) or low CD4 counts (< 100 cells/uL) were associated with greater decline in
FEV1 and FVC over time.28 These studies suggest pathogenesis of COPD in HIV is related
to worse HIV control (either a direct viral effect or effects of HIV sequelae such as
infections). However, two studies have found that use of ART is also associated with worse
lung function.22, 23 Biologic mechanisms to explain this paradox could be related to
differences in timing of ART initiation between populations; those in whom ART is initiated
at a lower CD4 cell count could experience worsening in lung function on ART, potentially
from increases in autoimmunity or renewed immunologic response to low-level lung
pathogens.31, 32

Microbial colonization may play a role in the pathogenesis of COPD in HIV. Several studies
have implicated colonization with Pneumocystis jirovecii, a common HIV-associated
infection, in the pathogenesis of obstructive lung disease in HIV. In a cohort of 42 HIV-
infected individuals, those with Pneumocystis jirovecii detectable only by nested PCR of the
mitochondrial large subunit rRNA in oral washes or induced sputum had worse airflow and
more obstructive lung disease by pulmonary function studies.33 In macaque models of HIV
infection, monkeys that become colonized with Pneumocystis (detection of Pneumocystis
DNA in lung or airway samples) develop worse airflow obstruction and emphysema.34, 35 A
non-immunosuppressed rodent model has also shown development of COPD-like changes in
mice exposed to both cigarette smoke and Pneumocystis.36 HIV infection is associated with
a greater probability of colonization with Pneumocystis which may explain in part the
increased prevalence of obstructive lung disease in HIV-infected persons.37 Several studies
have identified the lung microbiome community as unique in HIV-infected persons.38–40

One study found an increase in Trophyrema whipplei in HIV-infected persons, but
relationship of T. whipplei to lung function is not known.41

Asthma in HIV infection
Asthma is characterized by airway inflammation and inducible or reversible airway
obstruction (airway hyperreactivity). Asthma is associated with morbidity related to
episodes of dyspnea and functional impairment and increased mortality in some
populations.2, 42 Prior to ART, not all studies showed a significant association, but HIV-
infected persons were more likely to have airway hyperreactivity.43, 44 Airway
hyperreactivity in the pre-ART era was associated with smoking and atopy. Data are limited
in the ART era regarding the association of HIV and asthma. In the VACS cohort, which
was predominantly older male smokers, asthma diagnosis was not more common in HIV-
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infected individuals.21 However, two studies in children have shown that asthma symptoms
and inhaler use are more common in HIV-infected children in the ART era and in those
children taking ART medications.45–47

Self-reported asthma diagnosis is commonly used in epidemiologic studies. Two recent
studies have found 11% and 21% of HIV-infected persons had an asthma diagnosis by
history (doctor-diagnosed asthma),24, 48 in contrast to a prevalence of approximately 9% in
the general population.49, 50 There was also a 4% and 9% prevalence of bronchodilator
reversibility by American Thoracic Society/European Respiratory Society criteria with
pulmonary function testing in these studies, respectively, which is potentially higher than
expected in the general population.50 In the general population, most adults with asthma are
diagnosed as children.51 In contrast, 55% of the HIV-infected individuals reported onset of
asthma as an adult, often after diagnosis of HIV.

Asthma in HIV infection is common, and there may be distinct phenotypes of asthma
associated with HIV. Airway inflammation in HIV could have unique mechanisms related to
allergy/atopy, metabolic disease, and chronic inflammation possibly stimulated by
underlying infections.50 In the study by Gingo et al, doctor-diagnosed asthma was associated
with female sex, being obese, not being on ART, and a history of bacterial or Pneumocystis
pneumonia, and there was a strong association between doctor-diagnosed asthma and high
sputum eosinophil counts. In addition, approximately 10% of the cohort had high sputum
eosinophil counts, suggesting an increase in Th2 type inflammation in the airways of HIV-
infected persons. Doctor-diagnosed asthma and bronchodilator reversibility were also
associated with cytokines that can be elevated in chronic HIV infection: RANTES and
macrophage inflammatory protein-1α and -1β.52

Treatment considerations for obstructive lung disease in HIV
Although there are a few studies of smoking cessation therapy in HIV-infected persons,
there are no studies of therapy specific to obstructive lung disease in HIV. In the absence of
other data, the general treatment guidelines from various respiratory societies should be
followed as with other patient populations. However, several factors are important to keep in
mind when approaching HIV-infected patients with obstructive lung disease. The first is the
high prevalence of smoking and significant impact smoking has on mortality in the HIV
population. Rates of current smoking are nearly 2-fold higher in most HIV-infected
compared to HIV-uninfected populations.53 However, health care providers of HIV-infected
patients may be less aware of current smoking and less confident in their ability to counsel
their patients regarding smoking cessation.54 Current smoking is associated with increased
respiratory symptoms, COPD, bacterial pneumonia and decreased quality of life among
HIV-infected patients.55 Additionally, the population-attributable risk of death associated
with smoking is twice in HIV-infected individuals what it is in HIV-uninfected persons, and
HIV-infected smokers lose more life-years to smoking than to HIV infection.56 These
findings highlight the need to increase efforts at smoking cessation among patients with
HIV. Smoking cessation interventions can be effectively applied in HIV-infected
populations, and are reviewed in detail in the paper “Tobacco use and cessation in HIV-
infected individuals,” by Browning and colleagues in this issue of Clinics in Chest
Medicine.57–60

Respiratory medications commonly recommended for obstructive lung diseases warrant
careful consideration in HIV-infected populations. Inhaled corticosteroids (ICS) in particular
may pose increased risk of complications in HIV-infected individuals. ICS are associated
with oral candidiasis, bacterial pneumonia61, and tuberculosis in the HIV-uninfected
population.62 These complications of ICS could be augmented by HIV infection,
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particularly as bacterial pneumonia continues to be a major comorbidity in HIV, even with
ART and relatively controlled CD4 counts.63, 64 Additionally, there are certain ICS
(fluticasone in particular) whose metabolism is slowed by the presence of certain
antiretroviral medications (ritonavir). This interaction leads to increased levels of systemic
steroids and side effects of chronic steroid therapy such as osteoporosis and Cushing’s
disease.65–67 Further studies are needed to assess the safety and/or effectiveness of ICS in
this population.

Pulmonary rehabilitation programs may be of increased importance in HIV-patients with
COPD. Obstructive lung disease (COPD and/or asthma) was independently associated with
self-reported increased physical disability among HIV-infected veterans,68 and the
combination of HIV infection and COPD had significant impact on physical functioning.69

Pulmonary rehabilitation significantly improves physical functioning in HIV-uninfected
patients with COPD.70 HIV may exaggerate the systemic and skeletal manifestations
associated with decrements in physical capacity encountered in HIV-uninfected COPD.
There are skeletal muscle dysfunction and mitochondrial abnormalities related to HIV
infection and its treatment.71 Peak aerobic capacity was 41% decreased in HIV-infected
patients,72 and respiratory muscle function was decreased in otherwise healthy HIV-infected
patients compared to HIV-uninfected patients.73 In HIV-infected patients, exercise training
is safe and has potential benefits,74, 75 but studies to determine the role and optimal type of
exercise training in HIV-infected patients, particularly those with COPD, are needed.

Conclusion
HIV-infected individuals appear to have an increased risk for obstructive lung diseases,
although whether this represents increased emphysema, chronic bronchitis, asthma, or a
combination of these disorders has not been fully evaluated. Although some of the increased
obstructive lung disease, particularly COPD, may be related to smoking and drug abuse, the
apparent risk for COPD remains elevated in HIV-infected persons even after controlling for
these and other potential confounders.18, 20, 21 Recent studies of pulmonary function in HIV-
infected persons have elucidated some factors that may be important in the pathogenesis of
obstructive lung disease in HIV – poor HIV control contributing to COPD and decline in
lung function, and metabolic disease and inflammation associated with asthma and airway
hyperreactivity (Figure 1). There may be further mechanisms currently being elucidated
such as chronic immune activation and immune senescence leading to early aging in HIV as
described in the paper “Future Directions -- Lung Aging, Inflammation, and HIV” by
Fitzpatrick and colleague in this issue of Clinics in Chest Medicine.

Given the increasing age of HIV-infected individuals and the high prevalence of smoking,
health care providers are likely to encounter a substantial number of HIV-infected patients
with obstructive lung diseases. Undiagnosed airway obstruction is associated with impaired
health and functional status, thus making identification of COPD and asthma important.76

Studies to determine whether the pharmacologic and non-pharmacologic management
strategies for obstructive lung diseases should differ among HIV-infected versus HIV-
uninfected patients are needed. A better understanding of treatments to appropriately
manage obstructive lung disease in HIV-infected patients is essential to optimize health
benefits such as decreased symptoms and exacerbations of disease, and to improve exercise
capacity, quality of life and to increase smoking cessation.77, 78
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Key Points:

• Obstructive lung disease is common among HIV-infected person, and HIV
infection appears to be an independent risk factor for diagnosis of chronic
obstructive lung disease (COPD).

• Early and progressive emphysema and COPD likely contribute to significant
morbidity in HIV-infected persons.

• In addition to smoking, other likely contributors to the pathogenesis of COPD in
HIV infection include microbial colonization, elevated HIV viral levels, and
possible immune reconstitution with antiretrovirals.

• Asthma is a phenotype of obstructive lung disease that is commonly diagnosed
in HIV-infected persons and may have unique mechanisms related to metabolic
disease in HIV and inflammation related to chronic HIV infection.

• Smoking cessation, monitoring for infectious complications of inhaled
corticosteroids, and pulmonary rehabilitation are aspects of treatment for
obstructive lung disease that are important considerations in HIV-infected
persons.
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Figure 1.
Mechanisms related to obstructive lung disease in HIV-infected persons grouped by
association with COPD/emphysema and association with asthma/airway hyperreactivity.
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Table 1

Studies of pulmonary function in HIV-infected individuals during the combination ART era

Author, year Design and population Important findings

George et al.,
200922

Cross-sectional analysis of spirometry
data from 234 HIV-infected individuals
recruited from an HIV clinic in Los
Angeles, CA.

• 31% of participants had at least one respiratory symptom.

• Prevalence of an FEV1/FVC below the age adjusted lower limit
of normal was 8.6% and < 0.7 was 6.8%.

• Worse airflow obstruction was associated with older age,
greater pack-years of smoking, history of bacterial pneumonia,
use of ART.

Gingo et al.,
201023

Cross-sectional analysis of pre-and post-
bronchodilator spirometry and DLco data
from 167 HIV-infected participants
recruited from an HIV clinic at the
University of Pittsburgh.

• 47% of participants had at least one respiratory symptom. 21%
had irreversible airflow obstruction (post-bronchodilator FEV1/
FVC < 0.7).

• High prevalence of diffusing impairment (64% had a DLco <
80% predicted), including never smokers (47%).

• Only 15% had pulmonary function testing in the past.

• Airflow obstruction was associated with increased pack-years
smoking, intravenous drug use, and use of antiretroviral
medication.

Cui et al., 201024 Cross-sectional analysis of spirometry
from 119 HIV-infected participants from
an HIV-clinic.

• 20% had abnormal spirometry.

• 53% had at least one respiratory symptom.

• FEV1 was lower with greater pack-years smoking, non-white
race, male sex, and restrictive lung disease.

• Symptoms were more common with current smoking and
antiretroviral use.

Hirani et al.
201125

Cross-sectional analysis of spirometry and
St. George Respiratory Questionnaire data
from 98 consecutive HIV-infected patients
seen for routine care at Thomas Jefferson
University in Philadelphia, PA.

• 16% had obstructive lung disease (FEV1/FVC < 0.7 & FEV1 <
80% predicted).

• SGRQ mean was 7, 17 in smokers, and 28 in those with airflow
obstruction.

• Airflow obstruction associated with greater age, smoking, and
history of PCP.

• They compared their cohort to the NHANES III dataset which
had similar rates of smoking and found the HIV cohort had
greater prevalence of COPD.

Drummond et al.,
201226

Spirometry obtained in 1077 participants
from the AIDS Linked to Intravenous
Experience study cohort in Baltimore,
MD.

• 16.8% of HIV-infected participants had airflow obstruction
(FEV1/FVC < 0.7).

• Higher viral loads (> 200,000 copies/ml) were associated with
airflow obstruction.

• No association between HIV status or CD4 counts and airflow
obstruction.

Kristoffersen et
al., 201227

Prospective cohort of 88 HIV-infected
participants with repeat spirometry in 63
participants with a mean follow-up of 4.4
years. Denmark.

• 10% prevalence of airflow obstruction (FEV1/FVC < 0.7) at
baseline that increased to 19% at follow-up 4.4 years later.

• Reduced DLco (below the 90% CI of predicted) was common
at baseline (40%) and remained constant over 4.4 years.

Drummond et al.,
201328

Serial spirometry on 1064 AIDS Linked to
Intravenous Experience participants

• HIV-infected persons with a viral load > 75,000copies/ml or a
CD4 count < 100cells/uL had significantly greater decline in
FEV1 and FVC over time.

• No significant difference in FEV1/FVC by HIV status.
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Author, year Design and population Important findings

• HIV-infected participants with controlled disease had no
difference in lung function change compared to HIV-uninfected
participants.
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