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Rationale: In aging HIV-infected populations comorbid diseases are
important determinants of morbidity and mortality. Pulmonary
diseases have not been systematically assessed in the combination
antiretroviral therapy (ART) era.

Objectives: To determine the incidence of pulmonary diseases in
HIV-infected persons compared with HIV-uninfected persons.
Methods: We analyzed data from the Veterans Aging Cohort Study
Virtual Cohort, consisting of 33,420 HIV-infected veterans and
66,840 age, sex, race and ethnicity, and site-matched HIV-uninfected
veterans. Using Poisson regression, incidence rates and adjusted
incidence rate ratios were calculated to determine the association of
HIV with pulmonary disease. The Virtual Cohort was merged with the
1999 Veterans Large Health Survey to adjust for self-reported
smoking in a nested sample (14%).

Measurements and Main Results: Incident chronic obstructive pulmo-
nary disease, lung cancer, pulmonary hypertension, and pulmonary
fibrosis, as well as pulmonary infections, were significantly more
likely among HIV-infected patients compared with uninfected pa-
tients in adjusted analyses, although rates of asthma did not differ by
HIV status. Bacterial pneumonia and chronic obstructive pulmonary
disease were the two most common incident pulmonary diseases,
whereas opportunistic pneumonias were less common. Absolute
rates of most pulmonary diseases increased with age, although the
relative differences between those with and without HIV infection
were greatest in younger persons. Chronic obstructive pulmonary
disease and asthma, as well as pulmonary infections, were less likely
in those with lower HIV RNA levels and use of ART at baseline.
Conclusions: Pulmonary diseases among HIV-infected patients receiv-
ing care within the Veterans Affairs Healthcare System in the combi-
nation ART era reflect a substantial burden of non-AIDS-defining and
chronic conditions, many of which are associated with aging.
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Pulmonary diseases have been among the most common com-
plications of HIV infection, but the spectrum of infectious
and noninfectious pulmonary disease has not been assessed
in the current combination antiretroviral therapy era.

What This Study Adds to the Field

In addition to a continued greater risk of infectious
pulmonary complications, our findings support a greater
risk of chronic obstructive pulmonary disease, lung cancer,
pulmonary hypertension, and pulmonary fibrosis in HIV-
infected patients compared with HIV-uninfected patients.
These data suggest that there may be a shift in the epi-
demiology of pulmonary diseases afflicting HIV-infected
patients in the current era with a significant burden of
traditional non—-HIV-associated pulmonary diseases, many
of which are associated with aging.

Before the introduction and widespread use of combination
antiretroviral therapy (ART), pulmonary diseases were among
the most frequent complications of HIV infection and were
associated with significant morbidity and mortality (1, 2). The
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multicenter Pulmonary Complications of HIV Infection Study
conducted approximately 15 years ago before the combination
ART era found that the most common pulmonary conditions
encountered were infectious and included acute bronchitis,
Prneumocystis pneumonia (PCP), and bacterial pneumonia (3).
These complications were significantly more likely in HIV-
infected Pulmonary Complications of HIV Infection Study
participants compared with control subjects without HIV. Sub-
sequent studies have suggested that chronic obstructive pulmo-
nary disease (COPD) (4, 5), lung cancer (6), and pulmonary
hypertension (7) may also occur with greater frequency in
populations infected with HIV. The mechanisms for the ob-
served increases in these diseases, however, are not well un-
derstood.

In the combination ART era, the incidence of pneumonia and
other opportunistic infections has decreased (8-11). Consistent
with this, a greater proportion of pulmonary admissions in recent
years were attributable to noninfectious conditions in one report
(12). However, the spectrum of infectious and noninfectious
pulmonary disease has not been systematically assessed in the
current ART era in a multisite cohort. In keeping with the
increasing importance of non-HIV-associated comorbid diseases
on outcomes in patients infected with HIV (13-15) and greater
life expectancies as a result of ART, the spectrum of pulmonary
diseases in HIV-infected patients has likely changed.

A better contemporary understanding of the burden of
pulmonary diseases afflicting HIV-infected persons is important
to inform patient care and future research. We determined the
incidence of pulmonary diseases in a national Veterans Affairs
(VA)-based cohort of HIV-infected participants demographi-
cally matched to control subjects without HIV receiving care
within the VA in the ART era. We compared how incidence rates
varied by HIV status and age. Because non-AIDS-associated
cardiovascular, liver, and renal diseases are increasingly recog-
nized as important comorbidities in aging HIV-infected patients
(16), we were particularly interested in determining the burden
of noninfectious compared with infectious pulmonary complica-
tions. Some of the results of these studies have been previously
reported in the form of an abstract (17).

METHODS

Cohort

We used data from the Veterans Aging Cohort Study Virtual Cohort
that consists of 33,420 HIV-infected subjects and 66,840 HIV-uninfected
subjects. The Virtual Cohort has been previously described in detail
and is approved by the institutional review boards at participating
institutions (18); readers may also find additional details in the online
supplement. Each subject was followed from the baseline index date
(first documentation of HIV status within the VA Healthcare System
for HIV-infected patients or date of matching for HIV-uninfected
patients) until the end of July 2007. Because administrative data are
generally inaccurate measures of tobacco exposure (19), the Virtual
Cohort was merged with data from the 1999 Large Health Survey of
Veteran Enrollees (LHS) to adjust analyses for self-reported smok-
ing status (20), yielding a nested sample of 3,707 HIV-infected
patients and 9,980 HIV-uninfected patients with data from both
sources.

Pulmonary Conditions

Pulmonary conditions were diagnosed based on ICD-9 codes. As in
previous studies (21), at least one inpatient or at least two outpatient
codes were required to establish a diagnosis, because this improves the
accuracy of ICD-9 codes. Prevalence at baseline was defined as the
presence of a condition within a window of 12 months before and up to
6 months after the index date. Diagnoses that were documented later
than 6 months after the index date were considered incident, because

we were interested in comparing the incidence of diseases after HIV
infection was recognized and patients were receiving medical care for
HIV within the VA.

Clinical Characteristics and Comorbidities

Additional data retrieved from the VA administrative databases
included baseline age; sex; race and ethnicity; and ICD-9 diagnoses
of alcohol disorders, drug abuse, and hepatitis C infection. For HIV-
infected patients, we obtained CD4" cell count (cells per microliter),
HIV-1 RNA (copies per milliliter), and use of ART during the baseline
window (22, 23). In the nested sample consisting of patients in the
Virtual Cohort and the LHS, smoking status was determined by self-
report; as in other studies (24) and based on the LHS questions,
patients were classified as ever smokers (>100 lifetime cigarettes)
versus those who had never smoked (25).

Statistical Analysis

Baseline characteristics in HIV-infected and uninfected members of
the cohort were compared using the ¢ test or Wilcoxon rank-sum test
for normally or nonnormally distributed continuous variables, respec-
tively, and the chi-square test for categorical variables. To determine
incidence rates, we calculated time at risk (person-years) from the
index date until first diagnosis of each pulmonary disease. Incidence
rates are expressed per 1,000 person-years. Subjects were censored at
date of death or last known activity within the VA until July 2007.

To determine the independent risk associated with HIV infection
for each pulmonary disease, incidence rate ratios (IRR) were calcu-
lated in Poisson regression models that included all HIV-infected and
uninfected subjects. A statistically significant interaction between HIV
and age below 50 years was identified for bacterial pneumonia (P <
0.001) and COPD (P = 0.02), with a trend toward significance for lung
cancer (P = 0.08). Models were therefore stratified by age less than 50,
or 50 years and older.

We also performed analyses restricted to two subsets of patients. To
assess for confounding by cigarette smoking on the association of HIV
infection with each pulmonary disease, we performed analyses within
the restricted cohort of 3,707 HIV-infected patients and 9,980 HIV-
uninfected patients from the merged Virtual Cohort/LHS. To examine
the impact of HIV-specific variables, we restricted models to the HIV-
infected patients in the Virtual Cohort, and adjusted for baseline CD4*
cell count, HIV RNA level, and use of ART. The square root of the
CD4% cell count and the log;o HIV RNA level were used to approxi-
mate normally distributed variables for use in multivariate models.
P values of less than 0.05 were considered statistically significant.
All analyses were performed using Stata 10.0 (Stata Corp., College
Station, TX).

RESULTS

Baseline Characteristics and Prevalent Pulmonary Diseases

The HIV-infected and uninfected cohorts were matched for
demographic characteristics. The median age was 45 years; most
patients were male and over 40% were black (Table 1). Alcohol
disorders (21% vs. 19%), drug abuse (23% vs. 15%), and
hepatitis C infection (30% vs. 11%) were all significantly more
common among HIV-infected patients compared with HIV-
uninfected patients (P < 0.001 for all). Most patients were
smokers, with 80% of the HIV-infected patients compared with
76% of the HIV-uninfected patients reporting having ever
smoked (P < 0.001) in the nested sample of the Virtual Cohort
and LHS. At baseline, the median CD4* cell count among
HIV-infected patients was 264 cells/pl (interquartile range 108—
451), and 65% were on ART.

Overall, 7% of HIV-infected patients and 6% of HIV-
uninfected patients were diagnosed with one or more pulmonary
conditions at baseline (P = 0.01). When considering individual
conditions, the HIV-infected patients were significantly more
likely to have diagnoses of COPD, lung cancer, pulmonary
fibrosis, bacterial pneumonia, PCP, and tuberculosis (TB). In
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TABLE 1. BASELINE CHARACTERISTICS AND DIAGNOSES OF
PULMONARY DISEASE

HIV-infected HIV-uninfected
Characteristic (n = 33,420) (n = 66,840) P Value
Age, median (IQR) 45 (39-51) 45 (39-51) 0.05
Male 98% 98% 1.0
Race 1.0
Black 43% 43%
White 32% 32%
Hispanic/other 25% 25%
Hepatitis C infection 30% 11% <0.001
Alcohol disorders 21% 19% <0.001
Drug abuse 23% 15% <0.001
Ever-smoked* 80% 76% <0.001
HIV-related variables
CD4 " cell count (cells/pl), 264 (108-451) —
median (IQR)
CD4+ <200 cells/pl 40% —
HIV RNA level (copies/ml), 14,815 (1,000-86,400) —
median (IQR)
HIV RNA level 14% —
<400 copies/ml
ART 65% —
Pulmonary disease at baseline
Any pulmonary disease 7.0% 6.0% 0.01
COPD 4.6% 4.0% <0.001
Asthma 2.0% 2.4% <0.001
Lung cancer 0.55% 0.38% <0.001
Pulmonary hypertension 0.20% 0.16% 0.13
Pulmonary fibrosis 0.37% 0.10% <0.001
Bacterial pneumonia 7.5% 1.1% <0.001
PCP 5.3% 0 <0.001
8B 2.0% 0.14% <0.001

Definition of abbreviations: ART = antiretroviral therapy; COPD = chronic
obstructive pulmonary disease; IQR = interquartile range; PCP = Pneumocystis
pneumonia; TB = tuberculosis.

* Smoking data were from the merged Virtual Cohort and Veterans Large
Health Survey datasets and include 3,707 patients infected with HIV and 9,890
patients uninfected with HIV.

* Baseline values of CD4+ cell count were available in 66%, HIV RNA levels in
64%, and ART use in 78% of patients infected with HIV.

contrast, HIV-uninfected patients were significantly more likely
to have a baseline diagnosis of asthma. There was no difference
in the prevalence of pulmonary hypertension between groups.

Unadjusted Incidence of Pulmonary Diseases in HIV-infected
Patients Compared with HIV-uninfected Patients

In unadjusted analyses, HIV-infected patients were more likely
to have incident diagnoses of all infectious and noninfectious
pulmonary diseases compared with HIV-uninfected patients,
with the exception of asthma (Figure 1). Bacterial pneumonia
and COPD were the two most commonly diagnosed pulmonary
conditions. The incidence rate of bacterial pneumonia was 28.0
(95% confidence interval [CI], 27.2-28.8) per 1,000 person-years
(PY) among HIV-infected patients compared with 5.8 (95% CI,
5.6-6.0) per 1,000 PY among HIV-uninfected patients (P <
0.001). The incidence of COPD was 20.3 (95% CI, 19.7-21.0)
per 1,000 PY among HIV-infected patients compared with 17.5
(95% CI, 17.1-17.9) per 1,000 PY among HIV-uninfected
patients (P < 0.001).

Opverall, COPD was the most common noninfectious pulmo-
nary disease in HIV-infected patients, with 16% carrying a
baseline or incident diagnosis of COPD. Asthma was the second
most common incident pulmonary diagnosis in both groups,
with a similar incidence of 5.6 (95% CI, 5.2-5.9) and 5.6 (95%
CI, 5.4-5.8) per 1,000 PY among HIV-infected and uninfected
patients, respectively (P = 0.6). Although less frequent, lung
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Figure 1. (A and B) Unadjusted incidence per 1,000 person-years of
pulmonary disease by HIV status. Incidence rates of each pulmonary
condition are shown per 1,000 person-years on the y axis. Rates for
HIV-infected patients (HIV+) are shown in the solid bars, and for HIV-
uninfected patients (HIV—) are shown in the shaded bars. *P < 0.05 for
HIV+ compared with HIV— patients. COPD = chronic obstructive
pulmonary disease; PCP = Pneumocystis pneumonia; TB = tuberculosis.

cancer, pulmonary hypertension, and pulmonary fibrosis were
also significantly more likely in HIV-infected patients compared
with HIV-uninfected patients. Lung cancer occurred with an
incidence rate per 1,000 PY of 2.3 (95% CI, 2.1-2.5) in HIV-
infected patients compared with 1.3 (95% CI, 1.2-1.5) in HIV-
uninfected patients (P < 0.001). The incidence of pulmonary
hypertension per 1,000 PY was 1.2 (95% CI, 1.1-1.4) com-
pared with 0.8 (95% CI, 0.7-0.8) (P < 0.001), and that of
pulmonary fibrosis was 0.9 (95% CI, 0.8-1.0) versus 0.6 (95%
CI, 0.5-0.7) (P < 0.001) in HIV-infected and uninfected
patients, respectively.

Other opportunistic pulmonary infections were less fre-
quently encountered compared with bacterial pneumonia. The
incidence of PCP among HIV-infected patients was 9.9 per
1,000 PY (95% CI, 9.4-10.3) and 0.02 (95% CI, 0.009-0.03)
among HIV-uninfected patients (P < 0.001). The incidence of
TB was 4.5 (95% CI, 4.2-4.8) per 1,000 PY among HIV-infected
patients compared with 0.6 (95% CI, 0.5-0.6) among HIV-
uninfected patients (P < 0.001).

Incidence of Pulmonary Diseases Stratified by Age

To examine the impact of age on incidence of pulmonary
diseases, we stratified patients into age groups from less than
40 years to greater than 60 years. With the exception of PCP
and asthma, the incidence of pulmonary diseases increased in
both HIV-infected and uninfected patients, with highest abso-
lute rates in the oldest age groups (see Table E1 in the online
supplement), as illustrated in Figure 2 for COPD and lung
cancer. In general, the absolute difference between the in-
cidence rates of pulmonary disease in HIV-infected patients
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Figure 2. Incidence of chronic obstructive pulmonary disease and lung
cancer by age and HIV status. Incidence rates of chronic obstructive
pulmonary disease (A) and lung cancer (B) are shown per 1,000 person-
years on the y axis. Rates for HIV-infected patients (HIV+) are shown in
the solid bars, and for HIV-uninfected patients (HIV—) are shown in the
shaded bars. The incidence of chronic obstructive pulmonary disease and
of lung cancer both increase significantly according to age (P trend <
0.001 for HIV-infected and uninfected patients for each condition).

compared with HIV-uninfected patients tended to increase with
age, whereas the relative incidence tended to decrease with age
for all conditions except for TB and asthma.

Adjusted IRRs for Pulmonary Diseases

To identify independent risk factors for pulmonary diseases, we
adjusted IRRs for age as a continuous variable, sex, race and
ethnicity, alcohol disorders, drug abuse, and hepatitis C in
models stratified by age less than 50 or 50 years and older,
given the significant interaction of HIV with age less than 50
years for several conditions. HIV infection was independently

associated with a significantly higher risk for all of the pulmo-
nary diseases examined, except for asthma (Table 2, Tables E2
and E3). Although infectious pulmonary complications were
most strongly associated with HIV, noninfectious pulmonary
diseases were also significantly increased among HIV-infected
patients. Importantly, the association with HIV infection
remained essentially unchanged for most diseases when ad-
justed for ever smoking (Table 2) in the nested sample of the
Virtual Cohort merged with the LHS.

When comparing the results of the multivariable models
across the age strata of less than 50 or 50 years and older, HIV
infection was associated with a greater IRR in younger patients
particularly for bacterial pneumonia and lung cancer. COPD
was also associated with a greater IRR among younger patients,
although this difference was less substantial.

Incidence of Pulmonary Diseases by CD4* Cell Count, HIV
RNA Level, and ART among HIV-infected Patients

In analyses restricted to HIV-infected patients only, we deter-
mined the incidence of pulmonary diseases stratified by baseline
CD4* count, HIV RNA level, or use of ART (Table E4).
Consistent with previous studies, patients with higher CD4+ cell
counts or HIV RNA levels less than 400 copies/ml at baseline had
the lowest rates of bacterial pneumonia, PCP, and TB. Patients on
ART at baseline were also less likely to have incident bacterial
pneumonia or TB. The incidence of COPD and asthma was also
significantly lower in patients on ART, and COPD was less likely
in those with baseline HIV RNA levels less than 400 copies/ml.

In multivariate Poisson regression models, we examined the
independent impact of HIV-specific variables on incident pul-
monary diseases (Tables 3 and 4). As expected, infectious
pulmonary complications remained significantly less likely in
patients with higher CD4™ cell counts, suppressed HIV viral load,
and use of ART at baseline. Interestingly, COPD and asthma
remained significantly less likely in patients with lower HIV RNA
levels and in those on ART at baseline in multivariate models.
Point estimates for the IRR remained similar in models restricted
to HIV-infected patients when adjusted for having ever smoked,
but were not significant in this smaller sample derived from the
merged Virtual Cohort and LHS (Table 4).

DISCUSSION

In this study, we sought to determine the incidence of pulmonary
diseases in HIV-infected patients using a VA-based, multisite
cohort with demographically matched HIV-uninfected control

TABLE 2. INCIDENCE RATE RATIO FOR THE ASSOCIATION OF HIV INFECTION AND PULMONARY DISEASES STRATIFIED BY AGE IN
MULTIVARIATE POISSON REGRESSION MODELS WITH AND WITHOUT ADJUSTING FOR SMOKING

Incidence Rate Ratio (95% confidence interval) for HIV Infection

Virtual Cohort

Nested Sample of Virtual Cohort Merged
with LHS, Adjusting For Having Ever Smoked

Age =50 yr

Age <50 yr

Age =50 yr

Condition Age <50 yr
COPD 1.17 (1.11-1.24)*
Asthma 0.97 (0.89-1.06)

Lung cancer

Pulmonary hypertension

Pulmonary fibrosis

Bacterial pneumonia

TB

2.13 (1.78-2.57)*
1.53 (1.21-1.93)*
1.59 (1.22-2.08)*
5.09 (4.77-5.42)*
5.97 (4.98-7.16)*

1.08 (1.01-1.15)*
0.93 (0.80-1.08)
1.73 (1.47-2.04)*
1.57 (1.23-2.00)*
1.45 (1.10-1.94)*
2.84 (2.61-3.10)*
5.43 (4.03-7.30)*

1.25 (1.08-1.43)*
0.90 (0.64-1.27)
2.28 (1.29-4.02)*
1.00 (0.48-2.10)
1.78 (0.91-3.48)
4.24 (3.55-5.05)*
4.96 (2.96-8.29)*

1.11 (0.96-1.29)
0.87 (0.62-1.24)
1.76 (1.23-2.50)*
1.66 (1.03-2.68)*
1.79 (1.01-3.14)*
2.44 (2.02-2.96)*
8.89 (4.07-19.4)*

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; LHS = 1999 Veterans Large Health Survey; TB = tuberculosis.

All models are adjusted for age as a continuous variable, race and ethnicity, sex, alcohol disorders, drug abuse, and hepatitis C infection. Models using the nested
sample of the Virtual Cohort merged with the LHS are additionally adjusted for having ever smoked. Full models with incidence rate ratios for all predictors are shown in
Tables E2 and E3. The incidence rate ratio for Pneumocystis pneumonia is >100 in all models.

* P < 0.05.
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TABLE 3. ADJUSTED INCIDENCE RATE RATIOS FOR RISK FACTORS ASSOCIATED WITH PULMONARY
DISEASES AMONG HIV-INFECTED PATIENTS IN MULTIVARIATE POISSON REGRESSION MODELS:

VIRTUAL COHORT, WITHOUT ADJUSTING FOR SMOKING

Incidence Rate Ratio (95% confidence interval)

Square Root of CD4* Count

Logio HIV RNA
(copies/ml)

ART

Condition (cells/wl)
COPD 1.00 (0.99-1.01)
Asthma 1.01 (1.00-1.02)

Lung cancer

Pulmonary hypertension
Pulmonary fibrosis 0.99 (0.95-1.02)
Bacterial pneumonia 0.97 (0.97-0.98)*
PCP 0.92 (0.91-0.92)*
B 0.97 (0.95-0.98)*

0.99 (0.97-1.01)
0.98 (0.96-1.01)

1.08 (1.03-1.13)*
1.10 (1.01-1.20)*
0.95 (0.84-1.06)
0.99 (0.84-1.18)
0.89 (0.74-1.08)
1.18 (1.14-1.22)*
1.28 (1.20-1.35)*
1.28 (1.17-1.41)*

0.90 (0.82-0.99)*
0.77 (0.64-0.91)*
0.99 (0.76-1.29)
0.97 (0.66-1.43)
0.80 (0.53-1.21)
0.84 (0.78-0.91)*
0.87 (0.77-0.99)*
0.71 (0.59-0.86)*

2011

Definition of abbreviations: ART = antiretroviral therapy; COPD = chronic obstructive pulmonary disease; PCP = Pneumocystis

pneumonia; TB = tuberculosis.

All models are adjusted for age as a continuous variable, race and ethnicity, sex, alcohol disorders, drug abuse, and hepatitis C
infection in addition to CD4* cell count, HIV viral level, and ART. The square root of the CD4* cell count and log of the HIV viral
load were modeled as continuous variables. Full models including incidence rate ratios for all predictors are shown in Table E5.

* P < 0.05.

subjects. We found that patients infected with HIV were more
likely to have incident diagnoses of noninfectious chronic
diseases including COPD, lung cancer, pulmonary hypertension,
and pulmonary fibrosis, as well as pulmonary infections including
bacterial pneumonia, PCP, and TB when compared with HIV-
uninfected patients. In contrast, the incidence of asthma (a
disease that often develops at younger ages that may precede
HIV infection) did not vary according to HIV status. Bacterial
pneumonia and COPD were the two most commonly diagnosed
pulmonary conditions in our cohort. This notably contrasts with
the previous Pulmonary Complications of HIV Infection Study
conducted in the precombination ART era in which the two most
common pulmonary complications were PCP followed by bac-
terial pneumonia (3). Moreover, rates of pulmonary infection in
our study were substantially lower than in several precombina-
tion ART era studies, although such comparisons must be
interpreted cautiously given differences in patient populations
and diagnostic and reporting methods (3, 26).

Fewer infectious complications and a greater frequency of
non-HIV-associated pulmonary diseases, particularly COPD in
our cohort, seems to parallel the greater burden of chronic,

noninfectious comorbid diseases afflicting many aging HIV-
infected patients (27). Our findings are important for health
care providers to consider when evaluating HIV-infected
patients, particularly those who may present with respiratory
symptoms or impairment. Whether persons infected with HIV
may be at sufficient risk to benefit from screening tests to detect
chronic lung disease has not been investigated. Although the
magnitude of increased risk associated with HIV infection for
COPD is modest, the incidence of COPD and the clinical
significance of these findings are substantial. Rates of COPD
are unlikely to be exclusive to a veteran population, because the
prevalence of smoking among other populations infected with
HIV is equally high (28-33). How COPD and other chronic
underlying lung diseases influence the risk for morbidity,
pulmonary infections, and mortality among HIV-infected
patients requires further investigation.

Our results demonstrate that HIV infection confers an in-
dependent risk for a number of infectious and noninfectious
pulmonary diseases after adjusting for potential confounders.
The IRRs for the association of HIV infection with both in-
fectious and noninfectious pulmonary diseases are robust in

TABLE 4. ADJUSTED INCIDENCE RATE RATIOS FOR RISK FACTORS ASSOCIATED WITH PULMONARY
DISEASES AMONG HIV-INFECTED PATIENTS IN MULTIVARIATE POISSON REGRESSION MODELS:
MERGED VIRTUAL COHORT AND LHS, ADJUSTING FOR SMOKING

Incidence Rate Ratio (95% confidence interval)

Square Root of CD4* Count Logio HIV RNA
Condition (cells/w.l) (copies/ml) ART Ever smoked
COPD 1.00 (0.98-1.01) 1.08 (0.97-1.21) 0.93 (0.73-1.18) 2.41 (1.70-3.42)*
Asthma 1.00 (0.96-1.04) 1.19 (0.94-1.51) 0.72 (0.45-1.17) 0.81 (0.48-1.37)

Lung cancer

Pulmonary hypertension
Pulmonary fibrosis 0.99 (0.92-1.06)
Bacterial pneumonia 0.97 (0.95-0.98)*
PCP 0.91 (0.88-0.93)*
8B 1.02 (0.98-1.07)

0.96 (0.92-1.01)
1.01 (0.93-1.08)

0.97 (0.72-1.31)
0.94 (0.59-1.50)
0.79 (0.52-1.19)
1.11 (0.99-1.22)
1.24 (1.06-1.46)*
1.24 (0.93-1.65)

0.73 (0.38-1.40)
0.87 (0.31-2.43)
1.75 (0.60-5.08)
0.84 (0.67-1.05)
0.76 (0.53-1.08)
0.96 (0.53-1.74)

6.22 (1.49-25.91)*
1.43 (0.41-5.04)
1.69 (0.48—5.91)
1.25 (0.96-1.62)
1.14 (0.78-1.69)
1.12 (0.56-2.26)

Definition of abbreviations: ART = antiretroviral therapy; COPD = chronic obstructive pulmonary disease; LHS = 1999 Veterans
Large Health Survey; PCP = Pneumocystis pneumonia; TB = tuberculosis.

All models are adjusted for age as a continuous variable, race and ethnicity, sex, alcohol disorders, drug abuse, and hepatitis C
infection in addition to CD4™" cell count, HIV viral level, and ART. Models using the nested sample of the Virtual Cohort merged
with the LHS are additionally adjusted for having ever smoked. The square root of the CD4* cell count and log of the HIV viral
load were modeled as continuous variables. Full models including incidence rate ratios for all predictors are shown in Table E5.

* P < 0.05.
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nested models adjusting for smoking. These findings are consis-
tent with previous work that has clearly demonstrated an
increased risk of bacterial pneumonia, PCP, and TB among
HIV-infected patients; although decreased, we demonstrate that
these remain significant complications in the current ART era.
Our analyses strengthen previous work to support an increased
risk for COPD (4, 5), lung cancer (6), and pulmonary hyperten-
sion (7) among HIV-infected patients. The association of HIV
infection with asthma or airway hyperresponsiveness has been
conflicting in previous studies (34-36). We did not find an
association between HIV infection and incident asthma, and in
fact asthma was more likely to be present at baseline among HI'V-
uninfected patients compared with HIV-infected patients. Ours
is the first report of an increased risk for pulmonary fibrosis
associated with HIV infection in the ART era. However, we are
unable from these data to ascribe the development of pulmonary
fibrosis to a specific interstitial lung disease or more generically as
a consequence of scarring from prior infection or other predis-
posing conditions.

We also examined the relationship between HIV-specific
variables, measured at study baseline, and incidence of pulmo-
nary disease. Among HIV-infected patients, rates of infectious
pulmonary diseases were significantly greater among those who
were noton ART at baseline and who had lower CD4* cell counts
and higher HIV RNA levels; these findings are consistent with
prior studies and suggest that baseline values of these variables
are important predictors of subsequent disease. Interestingly, we
found that HIV-infected patients on ART and those with lower
HIV RNA levels at baseline were less likely to have incident
COPD and asthma. These findings are consistent with supportive
evidence from other studies. Continuous ART is associated with
a decreased risk overall of AIDS and non-AIDS events (37), and
ART has been suggested to have a protective effect on pulmonary
function (38). Within the alveolar space, ART also decreases
pulmonary HIV viral load and decreases nonspecific pulmonary
inflammation (39, 40). However, current data on the impact of
ART on lung function and chronic pulmonary disease are
conflicting, because another study has found that airflow obstruc-
tion was more likely in patients on ART (41). Further investiga-
tions are needed to clarify these findings.
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Our study supports the likelihood that as HIV-infected
patients age, the burden of many infectious and noninfectious
pulmonary diseases will increase. We found that age is an
important risk factor for many pulmonary diseases among HIV-
infected patients. We also found that the relative incidence rate
comparing the HIV-infected and uninfected patients generally
decreased with advancing age. One explanation for this narrow-
ing relative incidence may be a competing risk for death among
the HIV-infected patients resulting in misleadingly low incidence
rates in older patients when compared with HIV-uninfected
patients. HIV-infected patients may not survive to develop the
diseases that occur in older HIV-uninfected patients given that
veterans infected with HIV have a death rate that is approxi-
mately two fold higher than veterans without HIV (42). This
could explain the significant positive interaction in statistical
models between HIV infection and age less than 50 for several
pulmonary conditions.

The greater incidence of pulmonary diseases normally associ-
ated with aging and their presentation at younger ages in HIV-
infected patients also raise the possibility that HIV infection
accelerates aging-related decline in lung health, in parallel to
what has been described for the development of other comorbid
diseases (16). HIV infection seems to confer a phenotype of
premature frailty (43) and has been associated with aging-related
changes in the immune system (44-46). As a result, HI'V infection
may render the lung more susceptible to the earlier presentation
of diseases, such as COPD, which has been suggested as a disease
of accelerated lung aging (47, 48). Smoking, which is prevalent
among populations infected with HIV, further exacerbates cellular
senescence (49).

The pathogenesis of COPD and other chronic lung diseases in
HIV remains unclear. Multiple interacting factors including
increased systemic and lung oxidative stress (50-52) and re-
current respiratory tract infections and colonization (41, 53) in
the setting of aging and HIV are likely to be involved (Figure 3).
The role of HIV persistence and low level replication, immune
activation, and chronic inflammation on the development of
chronic lung diseases require further investigation.

Our study has a number of strengths. This is the largest,
multicenter nationwide cohort study to date describing the
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incidence and risk factors for pulmonary disease in HIV-infected
patients in the combination ART era. The Virtual Cohort is
nationally representative of HIV-infected veterans receiving care
within the VA health care system, which is the largest single
provider of health care to HIV-infected patients within the
United States (54). Although predominantly male, our cohort is
racially and ethnically diverse. An additional strength is the
inclusion of HIV-uninfected control subjects who were demo-
graphically matched to the HIV-infected patients.

Our study has certain limitations. Diagnoses based on ICD-9
codes are likely to be accurate but may underestimate incidence,
because ICD-9 codes have a high specificity but moderate
sensitivity for a variety of conditions (55-58). We may also
underestimate incidence if events occur outside of the VA.
However, this may be more likely to underestimate the incidence
of acute events rather than chronic diseases. Detection bias
caused by access to care is less likely to explain the increased
rates of pulmonary disease among HIV-infected patients because
HIV-uninfected control subjects are required to be active within
the VA in the same fiscal year as their HIV-infected counterparts.

In summary, we found that infectious and noninfectious
pulmonary diseases are substantially increased among HIV-
infected veterans compared with HIV-uninfected veterans. The
two most common incident pulmonary diseases were bacterial
pneumonia and COPD. Our data suggest that there may be a shift
in the epidemiology of pulmonary diseases among HIV-infected
patients, with a greater burden of non—-HIV-associated pulmo-
nary diseases in the current era, particularly among populations
aging on successful ART. In addition to a continued increased
risk of infectious pulmonary complications, our findings also
support a greater risk of COPD, lung cancer, pulmonary hyper-
tension, and a previously unrecognized increased incidence of
pulmonary fibrosis associated with HIV infection. Whether the
increased rates of chronic, noninfectious pulmonary diseases are
related to prior infections, senescence of the lung in the setting of
HIV infection, a direct pathogenetic effect of HIV, ART, or other
mechanisms is still unclear; additional studies are needed to
confirm and further investigate these findings.
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