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Smoking-related diseases, such as chronic obstructive pulmonary
disease (COPD), are of particular concern in the HIV-infected
population. Smoking rates are high in this population, and long-
term exposure to cigarette smoke in the setting of HIV infection may
increase the number of complications seen. Before the era of
combination antiretroviral therapy, HIV-infected persons were
noted to have an accelerated form of COPD, with significant
emphysematous disease seen in individuals less than 40 years old.
Unlike many of the AIDS-defining opportunistic infections, HIV-
associated COPD may be more common in the current era of HIV
because it is frequently reported in patients without a history of
AIDS-related pulmonary complications and because many aging
HIV-infected individuals have had a longer exposure to smoking
and HIV. In this review, we document the epidemiology of HIV-
associated COPD before and after the institution of combination
antiretroviral therapy, review data suggesting that COPD is acceler-
ated in those with HIV, and discuss possible mechanisms of HIV-
associated COPD, including an increased susceptibility to chronic,
latent infections; an aberrant inflammatory response; altered oxi-
dant-antioxidant balance; increased apoptosis associated with HIV;
and the effects of antiretroviral therapy.
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The frequency and types of lung diseases encountered in
HIV-infected populations have changed many times over the
course of the AIDS epidemic. With the development and use of
combination antiretroviral therapy (ART), dramatic declines in
morbidity and mortality from HIV/AIDS have been seen (1).
These improvements do not constitute a cure, however, and over
400,000 people are living with HIV in the United States, and an
estimated 33.4 million people are infected worldwide (2). With
ART and the resulting increases in life expectancy, the incidence
of nonopportunistic lung diseases, such as HIV-associated
chronic obstructive pulmonary disease (COPD), may become
more common. Respiratory symptoms are common in the
HIV-infected population, particularly in HIV-infected persons
who smoke, and obstructive lung disease is an increasing cause of
morbidity and mortality in the HIV-infected population. Almost
4% of deaths among HIV-infected persons in 1998 were due to
obstructive airway disease, representing a 3-fold increase from
the preantiretroviral therapy era (3). Rates of hospitalization for
asthma, bronchitis, and COPD have also increased since the
early 1990s (4). HIV-associated COPD was identified as a critical

area for future research by a National Institutes of Health
workshop on pulmonary complications of HIV, and several sites
in the Lung HIV group have decided to focus on the epidemi-
ology and mechanisms of HIV-associated COPD.

COPD is defined by the Global Initiative on Obstructive
Lung Diseases as ‘‘a preventable and treatable disease. . .char-
acterized by airflow obstruction that is not fully reversible’’ (5).
This airflow limitation is accompanied by an abnormal pulmo-
nary inflammatory response. Other phenotypes of obstructive
lung disease that are related to COPD include small airways
abnormalities and bronchiolitis, increases in airway obstruction
and air-trapping, chronic bronchitis, deficits in DLCO, and anat-
omic and radiographic emphysema (Figure 1). All of these phe-
notypes have been reported in HIV-infected individuals. In this
review, we document the epidemiology of HIV-associated COPD
before and after the institution of combination antiretroviral
therapy and review data suggesting that COPD is accelerated in
individuals with HIV. We then discuss possible mechanisms of
COPD in persons with HIV, including the risk factor behavior
of the population as well as HIV- and ART-related factors.
These factors include an increased susceptibility to chronic sub-
clinical infections, an aberrant inflammatory response, altered
oxidant–antioxidant balance, increased apoptosis associated
with HIV, and direct effects of antiretroviral therapy. Finally,
we discuss the ongoing collaborative efforts of the Lung HIV
study sites to understand the prevalence and causes of HIV-
associated COPD.

EPIDEMIOLOGY OF HIV AND COPD BEFORE THE
ANTIRETROVIRAL ERA

The first abnormalities of pulmonary function associated with
HIV were noted by the Pulmonary Complications of HIV
Infection Study (PCHIS). The PCHIS prospectively evaluated
over 1,300 HIV-infected and HIV-uninfected persons in a lon-
gitudinal, multicenter study (6). HIV-infected participants had
more frequent complaints of dyspnea, and those who were
also injection drug users (IDUs) had a higher prevalence of
cough and sputum production. HIV-infected participants also
had lower absolute DLCO and percent predicted DLCO than
non–HIV-infected participants. Lower values for DLCO were
more common in participants who reported respiratory symp-
toms and in smokers and IDUs. Some caution is necessary in
interpreting these results because 67% of IDUs, 10% of other
risk groups, and 18% of the seronegative control subjects were
African American, which could affect DLCO comparisons. The
DLCO reference values used did not include race; however, an
attempt was made to adjust for race in the overall analysis.
Although DLCO also appeared to be lower in persons with
CD41 cell counts below 200 cells/ml, the relationship of the
observed pulmonary deficits to serum or bronchoalveolar
lavage HIV viral levels or to pulmonary inflammation was not
examined. In a longitudinal study of 474 HIV-infected persons,
DLCO also declined in participants with pulmonary or non-
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pulmonary Kaposi’s sarcoma and in patients developing Pneu-
mocystis (7). Recovery after Pneumocystis was more rapid and
complete in nonsmokers. Another study found that a signifi-
cantly higher number of HIV-infected participants than HIV-
uninfected control subjects had evidence of focal air trapping on
chest CT scan. The participants with air trapping also had worse
obstructive changes in pulmonary function testing, including
lower FEV1 and DLCO (8). In these studies, it is difficult to
separate the effects of progressive HIV and immunodeficiency
from the effects of advancing age because combination anti-
retroviral therapy was not available.

Diaz and colleagues found that 23% of HIV-infected
smokers without a history of pulmonary infections had emphy-
sema, as determined by pulmonary function testing or CT scan,
compared with only 2% of control subjects matched for age and
smoking (9). Thirty-seven percent of HIV-infected persons with
a greater than 12 pack-year smoking history had emphysema,
compared with none of the HIV-uninfected control subjects.
The mean age in the cohort was 34 years, and participants were
relatively healthy (mean CD4 cell count, 320 cells/ml).

Emphysema can occur in HIV-infected persons who are
nonsmokers. Diaz reported a series of four HIV-infected non-
smokers who had air-trapping, decreased DLCO, and emphysema
on CT scan (10). We have also found emphysema in HIV-
infected nonsmokers. In examining autopsy lung specimens, we
observed that 16% of HIV-infected individuals who never
smoked had anatomic emphysema, a much higher number than
would be expected in HIV-negative nonsmokers (A. Morris,
unpublished data). These observations suggest that HIV is an
additional risk factor for COPD or interacts with other risk
factor(s) in the development of COPD.

EPIDEMIOLOGY OF HIV AND COPD IN THE
ANTIRETROVIRAL ERA

Unlike many AIDS-defining opportunistic infections, HIV-
associated emphysema may be more common in the current
era of HIV because it is frequently reported in patients without
a history of AIDS-related pulmonary complications and be-
cause the aging HIV-infected population has a longer exposure
to smoking and HIV. Few studies have examined COPD and
emphysema in the era of ART. One large study of HIV-infected
and HIV-negative veterans found that COPD, as documented
by International Classification of Diseases Ninth Revision

(ICD-9) code and self-report, was significantly higher in the
HIV-infected population (11). Another chart review of 162
HIV-infected dental patients found that 16.1% reported having
a diagnosis of COPD (12). Although these studies reported
a high prevalence of COPD diagnoses, both diagnosed COPD
based on ICD-9 codes or self-report without measuring pulmo-
nary function directly.

There have been three recent prospective studies that
examined respiratory symptoms and measured pulmonary
function in the era of combination ART (13–15). The first study
performed spirometry in 234 HIV-infected outpatients without
a history of acute respiratory disease or asthma (13). Thirty-one
percent reported at least one respiratory symptom, and age,
smoking history, and history of pneumonia were risk factors for
respiratory symptoms and airway obstruction. The prevalence
of airway obstruction was 6.8%. The most striking finding of this
study was that use of ART was an independent predictor of
increased airway obstruction. The association of ART and
airway obstruction persisted even after adjustment for other
risk factors, such as age and smoking history. Another study of
119 HIV-infected participants also performed spirometry and
found that 3.4% had airway obstruction (14). Lung function was
worse in smokers, and over half of the participants reported
respiratory symptoms. Gingo and colleagues performed the
only study that measured spirometry and DLCO and found that
21.0% of HIV-infected participants had airflow obstruction and
64.1% had decreased DLCO (15). In this cohort of HIV-infected
outpatients, the authors also found an independent relationship
of ART use to increased risk of airway obstruction. Smoking
and intravenous drug use were other clinical factors that
increased airway obstruction risk. Impairments in DLCO were
related only to having a history of ever smoking, suggesting that
DLCO abnormalities might represent a different COPD pheno-
type than airway obstruction.

MECHANISMS RESPONSIBLE FOR
HIV-ASSOCIATED COPD

There are multiple hypotheses regarding the pathogenesis of
COPD in HIV. Possible causes include the high prevalence of
risk behaviors in the HIV-infected population as well as HIV-
related and ART-related processes (Table 1). Many of these
potential causes may be complementary or additive, and certain
COPD phenotypes may involve different pathways. It is likely
that many of these processes occur simultaneously and are not
exclusive.

Risk Behaviors

Many HIV-infected populations have a high degree of behav-
iors associated with COPD risk, including cigarette and mari-
juana smoking as well as injection drug use. It is estimated that
approximately 75% of HIV-infected persons have smoked at
least 100 cigarettes in their lifetime, with roughly half currently

Figure 1. Chest CT of a 44-year-old woman with HIV. She was receiv-

ing antiretroviral therapy, and her CD41 cell count was 479 cells/ml.
Note the diffuse emphysematous changes with multiple areas of

bullous lung disease. Reproduced with permission from A. Morris.

TABLE 1. POTENTIAL MECHANISMS INVOLVED IN
HIV-ASSOCIATED CHRONIC OBSTRUCTIVE PULMONARY DISEASE

Excess risk behaviors (e.g., cigarette smoking)

Increased susceptibility to pulmonary infections and colonization

Aberrant inflammatory responses

Altered oxidant/antioxidant balance

Increased apoptosis

Effects of antiretroviral therapy

Direct effects of antiretroviral drugs

Modified immune inflammatory response to colonizing pathogens

Autoimmunity
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smoking cigarettes (16, 17). Injection and inhalational drug use
are also common (18). However, it is likely that these risk
factors are not the only explanation for accelerated COPD
because emphysema and pulmonary function abnormalities are
seen in HIV-infected nonsmokers as well. It is likely that these
behaviors interact with the effects of HIV and increase the risk
of HIV-associated COPD, particularly as individuals with HIV
age and experience longer exposures to HIV, smoking, and
illicit drug use.

Infections

The ‘‘vicious circle’’ hypothesis has been proposed to explain
the mechanism by which infections might act to promote COPD
progression (19). In those without HIV infection, smoking leads
to structural remodeling, which results in increased risk of
microbial colonization or decreased ability to clear subclinical
infection. In persons with HIV infection, defective immune
responses to infections could also contribute, alone or combined
with smoking, to an increased likelihood of developing coloni-
zation. Once colonization is established, the organism or
organisms recruit white blood cells to the lungs, stimulating
the release of inflammatory cytokines and chemokines as well as
proteases. The inability to clear the inciting organism perpetu-
ates the cycle, ultimately resulting in tissue destruction, airway
thickening, and clinical COPD. In HIV-infected persons, the
vicious cycle could be worsened by up-regulation of HIV counts
in the lung stimulated by pulmonary colonization. Several
studies have shown that pulmonary infections increase lung
levels of HIV-1. For example, Koziel and colleagues reported
that HIV RNA was detected in 67% of patients with active lung
disease compared with 16% of asymptomatic HIV-infected
persons, independent of clinical stage of HIV and serum HIV
RNA levels (20).

One pathogen that has been linked to the development of
HIV-associated COPD in human and animal studies is Pneumo-
cystis (Pc). Emphysema and COPD-like changes have been
found in HIV-infected patients with Pneumocystis pneumonia
(PCP). DLCO, FEV1, and peak flow decrease during acute PCP
and for at least 3 months after infection (7, 21). These changes
may be permanent because PCP leads to accelerated declines in
FEV1, FEV1/FVC, and DLCO beyond that expected from age
and smoking history (22). We have recently shown that Pc-
colonized HIV-infected outpatients have worse airway obstruc-
tion than Pc-negative HIV-infected persons, independent of
smoking history (23). Sputum matrix metalloprotease (MMP)-12
levels were increased in Pc-colonized participants, suggesting
a potential mechanism by which Pc colonization stimulates
COPD-like changes. Animal models also support the role of
Pc colonization in COPD. Christensen and colleagues recently
reported that in immunocompetent mice, exposure to cigarette
smoke and Pc colonization resulted in pulmonary function
deficits and airspace enlargement greater than that from smoke
exposure alone (24). Similar changes have been found in models
of Pc colonization in nonhuman primates infected with simian
immunodeficiency virus or simian/human immunodeficiency virus.
Pc-colonized animals developed airway obstruction and radio-
graphic emphysema, whereas animals with simian immunodefi-
ciency virus or simian/human immunodeficiency virus alone did
not (25, 26).

Inflammation

Airflow limitation in non–HIV-associated COPD is progressive
and is associated with an abnormal inflammatory response in
the lungs. Tissue inflammation in COPD is characterized by a
predominant neutrophil, CD81 lymphocyte, and macrophage in-
filtration (27–30). The mechanism of tissue damage likely involves

the recruitment and activation of these inflammatory cells, with
concomitant up-regulation of several cellular proteases and in-
flammatory cytokines. HIV infection itself is associated with
a lymphocytic alveolitis, particularly in individuals with CD41

cell counts between 200 and 500 cells/ml, suggesting that the
virus might act independently to stimulate pulmonary inflam-
mation, particularly increases in CD81 lymphocytes (9, 31).
CD81 lymphocytes secrete IFN-g, which induces emphysema
in animal models (32). Macrophages may also be important in
COPD pathogenesis, and it has been shown that alveolar
macrophages from HIV-infected individuals are activated (33,
34). Alveolar macrophage expression of MMP is up-regulated
in HIV-infected smokers with early emphysema, and MMP-9 is
up-regulated in areas of emphysema in lungs from HIV-infected
persons (35, 36).

Altered Antioxidant–Oxidant Balance

Increased oxidative stress is another potential mechanism link-
ing HIV and COPD. Non–HIV-infected persons with COPD
have increased markers of oxidative stress systemically and in
the lungs (37). Oxidative stress can worsen COPD in several
ways. Increased oxidation results in inactivation of antipro-
teases, activation of MMPs, and direct damage to the lung
matrix and decreases the lung’s ability to repair itself (37). HIV-
infected individuals have altered systemic and lung oxidant/
antioxidant balance, with decreases in antioxidant levels such as
superoxide dismutase and glutathione and increases in oxidants
that may result from HIV proteins (38–41). Smoking may
worsen the imbalance between oxidants and antioxidants in
HIV-infected persons. Lung and plasma glutathione levels are
lower in HIV-infected smokers than in HIV-infected non-
smokers (42, 43). Recent studies demonstrated that, in a rat
model, HIV transgene expression resulted in oxidant stress, and
alterations in epithelial barrier function via altered expression
of tight junction proteins (44). The impact of antiretroviral
therapy on oxidative stress is unclear (45, 46).

Apoptosis

It has recently been postulated that lung endothelial and
epithelial cell apoptosis are critical steps in COPD development
in the non–HIV-infected population (47, 48). HIV-infected
persons might have increased susceptibility to apoptosis be-
cause the HIV proteins Tat and Nef may induce endothelial cell
apoptosis (49). It is also possible that HIV may cause apoptosis
directly (50, 51). It has been proposed that apoptosis, oxidative
stress, and inflammation work in concert to promote COPD,
and this scenario may be true in HIV-associated COPD as well
(37).

Effects of Antiretroviral Therapy

Although ART decreases infectious and noninfectious compli-
cations of HIV, ART may also be a risk factor in the de-
velopment of several chronic medical conditions, such as
cardiovascular disease, the metabolic syndrome, and osteopo-
rosis (52–54). These conditions may be directly related to
antiretroviral agents, particularly protease inhibitors, or to
prolonged exposure to HIV (54, 55). Studies linking ART and
airway obstruction suggest that airway obstruction may be the
latest in the series of chronic conditions linked to ART,
although it is possible that unmeasured confounders may
account for the association, and studies thus far have been
cross-sectional (13, 15). The mechanistic link between ART and
airway obstruction is not known, but potential explanations,
outlined below and in Figure 2, include direct effects of
antiretroviral drugs, restoration of the immune system allowing
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for an increased inflammatory response after ART is initiated,
or the development of autoimmunity.

In cardiovascular disease, protease inhibitors in particular
have effects on the endothelium. There are no published reports
suggesting a direct effect of antiretroviral agents on airway
obstruction, but it is possible that similar effects occur in the
lung. Endothelial damage to the pulmonary capillary bed or
capillary destruction could reduce the effective blood volume
for gas exchange, thus reducing the DLCO. Both the membrane
(Dm) and capillary blood volume components of the DLCO are
reduced in HIV-infected persons in the lowest quartile of DLCO

values (56).
ART initiation can lead to the immune reconstitution in-

flammatory syndrome (IRIS). It is believed that the restoration
of T lymphocytes, when combined with an antigenic stimulus
(e.g., Mycobacteria, Pneumocystis, or other antigens), initiates
an inflammatory cascade producing this clinical syndrome. We
have proposed that a ‘‘modified’’ IRIS might be involved in
COPD pathogenesis in HIV. In modified IRIS, immune resto-
ration might not produce obvious clinical symptoms but might
result in a chronic inflammatory response. This response could
be initiated or propagated by the colonizing organisms dis-
cussed above or by autoantigens. It is also possible that HIV
could act with persistent, albeit lower, organism burden, as
a nidus of chronic inflammation in the context of improved
immune function after starting ART.

Autoimmunity has been linked to COPD in the non–HIV-
infected population and could occur in response to infectious
agents or other triggers (57). It has been proposed that an
acquired immune response to self-epitopes contributes to the
inflammation and pulmonary damage seen in COPD (57, 58).
Non–HIV-infected patients with COPD have increased anti-
elastin and antiepithelial antibodies, which may be involved in
disease pathogenesis (57, 58). Organ-specific autoimmunity has
been demonstrated as a complication of ART and seems to
occur later than infection-associated IRIS (59, 60). An increase
in autoimmune conditions has also been noted in HIV-infected
persons after beginning ART (4, 51–54). Detectable antithyroid
antibodies appear after initiation of ART, and clinical thyroid
disease is associated with a lower pre-ART CD41 cell count
(61, 62). Development of autoimmunity during immune restora-
tion likely involves the release of naive T cells and generally
occurs more than 6 months after ART initiation (61). Auto-
reactive T cells are subsequently more likely to be activated in
the setting of infections, thymic dysfunction, or altered cytokine
profiles associated with HIV infection and ART (61, 63). The
susceptibility of HIV-infected individuals on ART to develop-
ing autoimmunity in the setting of immune restoration, com-
bined with the findings supporting an autoimmune pathogenesis
in COPD, suggest that autoimmune mechanisms may be
important in HIV-related COPD.

LUNG HIV INVESTIGATIONS OF COPD

Given the increasing importance of obstructive lung disease and
the lack of large-scale epidemiologic studies comparing COPD
prevalence, incidence, and progression between HIV-infected
and HIV-negative persons, several sites in the Lung HIV con-
sortium are performing longitudinal studies of COPD using
pulmonary function testing and chest CT. Sites 2 (Baltimore), 4
(Ohio), 7 (Pittsburgh), and 8 (Washington) are following cohorts
of HIV-infected and HIV-negative participants to better define
the epidemiology of HIV-associated COPD and to explore po-
tential causal mechanisms, including the role of latent infections,
inflammation, immune restoration, and altered antioxidant lev-
els. Individual sites are performing longitudinal spirometry and
DLCO measurements, chest CT scans for qualitative and quanti-
tative emphysema, clinical data collection, and banking of blood
and bronchoalveolar lavage samples.

CONCLUSIONS

Many questions remain regarding HIV-associated COPD.
Whether the disease begins earlier or progresses more quickly
in those with HIV infection has not been prospectively studied
in the current era. Much remains to be learned about the
mechanisms involved in the pathogenesis of HIV-associated
COPD, and the role of standard COPD treatments has not been
examined in the HIV-infected population. Respiratory symp-
toms and COPD remain common in HIV-infected persons,
even in the current era where obstructive lung disease appears
to be an increasing cause of morbidity and mortality. The results
of the Lung HIV studies will provide us with much needed
insights regarding the characteristics and pathogenesis of
COPD among HIV-infected individuals.
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