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ABSTRACT

Background: Pulmonary infections remain more common in HIV-infected (HIV+) compared to
uninfected individuals. The increase in chronic lung diseases among aging HIV+ individuals may
contribute to this persistent risk. We sought to determine whether chronic obstructive pulmonary
disease (COPD) is an independent risk factor for different pulmonary infections requiring

hospitalization among HIV+ patients.

Methods: We analyzed data from 41,993 HIV+ Veterans in the nationwide Veterans Aging
Cohort Study Virtual Cohort (VACS-VC) from 1996-2009. Using ICD-9 codes, we identified
baseline comorbid conditions, including COPD, and incident community-acquired pneumonia
(CAP), pulmonary tuberculosis (TB) and Pneumocystis jirovecii pneumonia (PCP) requiring
hospitalization within two years after baseline. We used multivariable Poisson regression to
determine incidence rate ratios (IRR) associated with COPD for each type of pulmonary
infection, adjusting for comorbidities, CD4+ cell count, HIV viral load, smoking status, substance

use, vaccinations and calendar year at baseline.

Results: Unadjusted incidence rates of CAP, TB and PCP requiring hospitalization were
significantly higher among persons with COPD compared to those without COPD (CAP: 53.9
vs. 19.4 per 1,000 person-years; TB: 8.7 vs. 2.8; PCP: 15.5 vs. 9.2; p <0.001). In multivariable
Poisson regression models, COPD was independently associated with increased risk of CAP,
TB and PCP (IRR 1.94, 95% CI 1.64-2.30; IRR 2.60, 95% CI 1.70-3.97; and IRR 1.48, 95% CI

1.10-2.01, respectively).

Conclusions: COPD is an independent risk factor for CAP, TB and PCP requiring
hospitalization among HIV+ individuals. As the HIV+ population ages, the growing burden of

COPD may confer substantial risk for pulmonary infections.

KEYWORDS: COPD, pulmonary infection, pneumonia, HIV, comorbidities



INTRODUCTION

The widespread use of antiretroviral therapy (ART) has resulted in a decline in many
infectious complications of HIV. Chronic medical comorbidities, including non-infectious
pulmonary, cardiovascular, renal and liver diseases, are increasingly recognized amongst aging
HIV-infected (HIV+) persons.*® Pulmonary infection, however, persists as an important
contributor to morbidity and mortality, with over 10% of hospitalizations among those with HIV
attributed to community-acquired pneumonia (CAP), pulmonary tuberculosis (TB) and
Pneumocystis jirovecii pneumonia (PCP) in the contemporary ART era.” Despite a decreased
incidence of CAP requiring hospitalization, CAP represents the most frequent admission
diagnosis for HIV+ patients.? Established factors, including low CD4+ cell counts, HIV treatment
interruption, PCP prophylaxis, prior pneumonia, cigarette smoking, injection drug use and
pneumococcal vaccination continue to play important roles in the risk for pulmonary infections

among HIV+ individuals.***

With prolonged survival of HIV+ patients on ART, a growing burden of chronic
comorbidities may affect the incidence of pulmonary infections requiring hospitalization. Chronic
obstructive pulmonary disease (COPD) is one of the most common non-infectious pulmonary
complications observed among HIV+ patients,>** and occurs more frequently in this patient
population than among uninfected individuals.**®* While COPD is strongly associated with
increased CAP risk in uninfected patients,**** no studies have focused on the role of COPD in
the risk for CAP and other pulmonary infections amongst HIV+ patients. Identifying HIV+
populations at highest risk for pulmonary infection is important for the development of novel

preventative and therapeutic strategies.

In this study, we hypothesized that COPD is an independent risk factor for pulmonary
infections requiring hospitalization among HIV+ patients, adjusting for other comorbidities and

risk factors, such as low CD4+ cell count, detectable HIV viral load, smoking and substance



use. We assessed whether the risk associated with COPD differed for CAP, TB or PCP requiring
hospitalization. Additionally, as HIV management and characteristics of the HIV+ population
have evolved over the course of the HIV epidemic, we examined trends in the association
between COPD and risk for CAP, TB or PCP hospitalization over time between 1996 and 2012,
dividing our cohort into three time periods, with the first corresponding to the beginning of the

combination ART era and the last to more contemporaneous management.

METHODS
Cohort and study design

We analyzed administrative and electronic health record (EHR) data from 41,993 HIV+
persons in the nationwide, longitudinal Veterans Aging Cohort Study Virtual Cohort (VACS-VC).
HIV+ patients in VACS-VC are identified at the first occurrence of International Classification of
Diseases, Ninth Revision (ICD-9) codes for HIV infection within Veterans Affairs (VA)
administrative data, using a validated algorithm.? VACS-VC is approved by the institutional
review boards of participating institutions and has been previously described.* In the current
analyses, we included HIV+ Veterans whose first HIV ICD-9 code (defined as the baseline date)
in the VA healthcare system fell between January 1996 and December 2009. A baseline window
was defined as 12 months prior to and six months after the baseline date, and all individuals
were followed for up to two years after the baseline window to determine the incidence of first
CAP, TB or PCP requiring hospitalization at VA facilities, with the last follow-up date falling in
June 2012. Given aging of the HIV+ population and changes in HIV care over time, we also
evaluated differences in clinical characteristics and pulmonary infection rates over time, dividing
individuals using their baseline date into three calendar-time periods of approximately equal

time intervals (1996-2000, 2001-2005, 2006-2009).



Baseline characteristics and comorbidities

All data were abstracted from electronic VA databases. Age, sex and race/ethnicity were
retrieved from VA administrative databases. Never, former and current smoking status was
derived from VA Health Factors data.? Alcohol and drug related diagnoses were identified using
ICD-9 codes.? Influenza and pneumococcal vaccinations within one and five year(s) prior to the
baseline date, respectively, were obtained from VA immunization files, ICD-9 codes and Current
Procedural Terminology codes. The CD4+ cell counts (cells/uL) and HIV viral load (copies/mL)
closest to the baseline date and preceding hospitalization (within 1 year and up to 30 days prior)
were obtained from VA laboratory data from the Decision Support System files. ART and PCP

prophylaxis prescriptions were obtained from Pharmacy Benefits Management data.

Baseline COPD (primary exposure) was defined as one inpatient or two outpatient ICD-9
codes during the baseline window of 12 months prior to and six months after the baseline date.
This method of one inpatient or two outpatient ICD-9 code identification of COPD and other
comorbidities has been previously validated against chart review and improves the accuracy of
ICD-9 codes.?*?” Comorbidities considered prevalent at baseline were defined using the same
approach. We included those that have been associated with pneumonia in uninfected
populations, namely congestive heart failure (CHF)***2 and other cardiovascular diseases,*
chronic renal and liver disease,***! diabetes mellitus,?*** malignancy*® and as well as hepatitis C
infection (HCV). Prior pneumonia diagnoses were also defined by ICD-9 codes. A complete

listing of ICD-9 codes for each diagnosis is available on www.vacohort.org.

Incident CAP, TB and PCP requiring hospitalization

The primary outcomes for this study were incident CAP, TB and PCP requiring
hospitalization based on inpatient ICD-9 codes. We focused on pulmonary infections that
required hospitalization and did not include outpatient events in our analysis; outpatient CAP

has accounted for only 2% of CAP events in another HIV+ cohort.® Although ICD-9 codes for


http://www.vacohort.org/

TB could include pulmonary, extrapulmonary and primary TB, the majority of the codes
represented pulmonary TB. For simplicity, we refer to the three conditions as pulmonary
infections, particularly as the primary route of infection for TB is through the lungs. Microbiologic
data were not available from the EHR for these analyses. Individuals were followed for two
years beginning at six months after the baseline date, so that diagnoses of COPD preceded

diagnoses of CAP, TB or PCP.
Statistical analysis

Baseline characteristics and comorbidities were compared across the three calendar-
time periods, using one-way analysis of variance for continuous variables and the chi-square
test for categorical variables. Score tests assessed trends across time periods. We calculated
incidence rates for CAP, TB and PCP requiring hospitalization using time to the first event and
person-years at risk during two years of follow-up. Incidence rates are reported per 1,000

person-years.

Univariate Poisson regression models were used to determine unadjusted incidence rate
ratios (IRRs) for risk of CAP, TB and PCP requiring hospitalization associated with baseline
diagnosis of COPD. Separate multivariable Poisson regression models were used to calculate
IRRs to determine the independent association of COPD with risk for CAP, TB or PCP
hospitalization. Multivariable models were generated adjusting for covariates added
incrementally en bloc: first with age, race/ethnicity, smoking status, alcohol/drug related
diagnoses, and calendar-time periods; then comorbidities; baseline CD4+ cell count <200
cells/uL, HIV viral load >500 copies/mL; and vaccination status. The same variables were
included in all three multivariable models and were selected a priori given potential pathogenic
mechanisms or epidemiologic data linking them with risk for different types of pulmonary

infections.?22329313%3 \We did not include prior pneumonia in these models because we were



unable to determine the temporal relationship between prior pneumonia events and

development of COPD.

As smoking status was missing for 31% of persons from the earliest calendar-time
period, we included “missing” as a smoking status category. As a sensitivity analysis, we
generated multivariable models restricted to more recent years when there was less missing

smoking status data.

All analyses were performed using Stata 13 (Stata Corp., College Station, TX).

Statistical significance was defined as p <0.05.

RESULTS

Baseline characteristics

Across the three baseline calendar-time periods, HIV+ Veterans were mostly male
(98%), almost half were black and over 50% in the later years were current smokers (Table 1).
There was a downward trend in both alcohol and drug related diagnoses with time. Median age
at HIV identification within the VA system increased from 44 to 50 years from the earliest to the
most recent time period. The proportion of individuals with CD4+ =200 cells/yL and HIV viral
load <500 copies/mL increased over time, while ART use at baseline was persistently low and
declined from 29% in the earliest time period to 20% in the most recent period. Among those
using ART at baseline, 49% had viral load <500. Overall, of HIV+ Veterans with CD4+ <200
cells/uL, 57% were prescribed PCP prophylaxis at baseline. The proportion who received
influenza and pneumococcal vaccinations increased. The baseline prevalence of COPD and
other chronic comorbidities generally increased over time; COPD prevalence rose from 3.7 to
6.0%. In contrast, the proportion of HIV+ Veterans with HCV co-infection declined from 37 to

24%.



Incidence of CAP, TB and PCP requiring hospitalization over time by COPD status

Among individuals included in the earliest time period from 1996-2000, 4.1% developed
CAP during the two-year follow-up period; this proportion decreased slightly to 3.1% in the most
recent time period. A greater downward trend was observed for TB (0.7% to 0.3%) and PCP
(2.1% to 0.8%). These declines in incidence were statistically significant for all three pulmonary
infections (p <0.001). Overall, the median time from baseline to CAP, TB and PCP

hospitalization among affected individuals was 519, 468 and 511 days, respectively.

COPD was associated with greater absolute rates for CAP, TB and PCP. Unadjusted
incidence rates of CAP, TB and PCP requiring hospitalization were significantly higher among
persons with COPD compared to rates in those without COPD (CAP: 53.9 vs. 19.4 per 1,000
person-years; TB: 8.7 vs. 2.8; PCP: 15.5 vs. 9.2; p <0.001 for all). Among individuals with
pulmonary infections requiring hospitalization, CD4+ and viral load preceding hospitalization did
not differ significantly by COPD. Median CD4+ cell count preceding hospitalization was 244 vs.
275 cells/pL prior to CAP, 241 vs. 272 cells/pL prior to TB and 170 vs. 116 cells/uL prior to PCP
in those with and without COPD, respectively (p >0.05 for all). When stratified by time periods,
the incidence of CAP and TB hospitalization remained significantly higher among those with
COPD in each calendar-time period (Figure 1). The incidence of PCP was significantly higher in
those with COPD in the first two time periods, but not in the most recent period when PCP was

least common.

Unadjusted risk of COPD for CAP, TB and PCP requiring hospitalization

Using unadjusted Poisson regression models, COPD was associated with a greater risk
of hospitalization for CAP (2.79, 95% CI 2.37-3.27), TB (3.09, 95% CI 2.07-4.61) and PCP
(1.68, 95% CI 1.25-2.25, Table 2). Smoking and other comorbidities, such as CHF, renal

insufficiency, ESLD and malignancy were also associated with increased risk for pulmonary



infections requiring hospitalization. Missing smoking status was most strongly associated with
risk of each event (p <0.001). Statistically, the unadjusted risk of COPD for each of these

outcomes was relatively similar over time (Table 3).

Adjusted risk of COPD for CAP, TB and PCP requiring hospitalization

In final multivariable Poisson regression models, COPD was independently associated
with an increased risk of CAP, TB, and PCP hospitalization (IRR 1.94, 95% CI 1.64-2.30; IRR
2.60, 95% CI 1.70-3.97, and IRR 1.48, 95% CI 1.10-2.01, respectively), adjusting for
demographics, time periods, smoking status, alcohol and drug related diagnoses, other
comorbidities, CD4+ cell count, HIV viral load, and vaccination status (Table 4). When
evaluating the effects of different risk factors entered en bloc into the models (see eTable 1,
Supplemental Digital Content), the addition of demographics, risk behaviors and comorbid
conditions resulted in the greatest attenuation of the association of COPD with CAP. In contrast,
adjusting for HIV-related variables resulted in greater attenuation for the association of COPD
with TB and PCP. The IRR for CAP requiring hospitalization was increased over time, and
though not statistically significant, the IRRs for TB and PCP were decreased in the most recent

era of 2006-2009 compared to the referent time period of 1996-2000 (Table 4).

Individually, comorbidities other than COPD were also significantly associated with CAP
requiring hospitalization, but with the exception of CHF, were not significantly associated with
TB or PCP (Table 4). After COPD, malighancy and renal insufficiency were most strongly
associated with increased risk for CAP among comorbidities. Current smoking was also
significantly associated with CAP, TB, and PCP, although missing smoking status had the
highest IRR for these events. In multivariable models restricted to recent years without
substantial missing smoking status, associations of COPD with greater CAP, TB and PCP risk

were similar (data not otherwise shown).
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DISCUSSION

In a longitudinal, national cohort of more than 40,000 HIV+ Veterans, we found that
COPD was an independent risk factor for CAP, TB and PCP requiring hospitalization after
adjusting for CD4+ cell count, HIV viral load, cigarette smoking, substance abuse, other
comorbidities, vaccinations and time periods. In the current ART era, COPD and other chronic
comorbidities contribute substantially to the burden of morbidity and mortality amongst HIV+
populations.*®** In fact, we found that the magnitude of risk associated with COPD for CAP and
TB was similar to the magnitude of risk associated with baseline CD4+ <200 cells/pL. Our
findings suggest that one of the ways COPD contributes to morbidity in HIV is by increasing risk

for different types of pulmonary infections.

To our knowledge, our study is the first to document an association between COPD and
risk of CAP, TB and PCP in HIV+ patients. Our primary exposure, COPD, is a risk factor for CAP
in the general population,**?® with a reported incidence of 22 events per 1,000 person-years
among those with COPD.? Another study found that individuals with COPD have a three-fold
increased risk of tuberculosis, primarily attributed to pulmonary involvement.® The substantial
burden of pneumonia among individuals with COPD is associated with higher all-cause
hospitalizations and markedly increased healthcare costs.*® In our cohort, HIV+ individuals with
COPD experienced >50 CAP events requiring hospitalization per 1,000 person-years, more
than double the rate among those without COPD, underscoring the necessity of understanding

the excess risk of pulmonary infection in this high-risk population.

Although the absolute incidence of CAP, TB and PCP requiring hospitalization
decreased over time from 1996 to 2009, the adjusted risk for CAP generally increased over time

when examining trends. The decreased incidence of pulmonary infections parallels the
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increasing proportion of individuals over time who had less advanced HIV based on higher
CD4+ cell counts and lower HIV viral load at entry into the VACS-VC, likely related to increased
testing and earlier detection of HIV within the VA, as well as improving care for HIV.*’ The
VACS-VC identifies all individuals at the time of the first ICD-9 diagnosis of HIV within the VA;
once engaged in care, published data from 2008 support that 80% of HIV-infected Veterans are
prescribed ART, only 14% have CD4+ <200 cells/pL, and 86% of eligible patients receive PCP
prophylaxis.® Additionally, influenza and pneumococcal vaccination rates increase, likely also
reflecting better engagement in and greater utilization of healthcare.®® In our analyses, baseline
CD4+ cell count remained significantly associated with CAP, TB and PCP risk. We also
compared CD4+ prior to hospitalization and found no significant difference between those with
and without COPD, suggesting that the association of COPD with risk for these pulmonary

infections is less likely to be explained by differences in CD4+ cell count.

In addition to greater prevalence of COPD and smoking in the most recent time period,
both of which were significantly associated with all three pulmonary infections in adjusted
analyses, Veterans in the most recent era were also older and had more chronic, non-infectious
comorbidities. When the association of COPD with pulmonary infections requiring
hospitalization was incrementally adjusted, addition of demographic and behavioral risk factors
as well as chronic comorbidities en bloc resulted in more marked attenuation of CAP risk, with
lesser attenuation of TB and PCP risk. These data suggest that if smoking rates do not
decrease substantially amongst HIV+ populations, COPD and other comorbidities will be
increasingly important drivers of CAP risk. Thus, while CAP has decreased in absolute
incidence in the most recent era, the incidence may again increase due to advancing age,

continued smoking, and increasing prevalence of comorbidities such as COPD.

Several potential mechanisms may explain the increased risk of pulmonary infections

associated with COPD in HIV. Phagocytosis of pathogens by alveolar macrophages, a primary

12



reservoir of HIV in the lung, may be defective in the lungs of patients with COPD.**° This
macrophage defect may be an important factor in microbial colonization of the lungs, potentially
acting as a chronic antigenic driver of pulmonary inflammation with increased lymphocytes in
the lower airways.“*** Mucociliary clearance and related mechanical lung defenses are also
impaired in patients with COPD.*2 Treatment of COPD with inhaled corticosteroids (ICS) has
been linked with increased risk of both CAP and TB among uninfected individuals with COPD,**
4 and may be related to local suppressive effects on the innate immune system.* In our cohort,
relatively few patients were prescribed ICS at baseline, so we could not examine the risk of

pulmonary infections associated with baseline ICS use.

In turn, although COPD has traditionally been considered a chronic, non-infectious
disease, the “vicious circle hypothesis” suggests that acute pulmonary infections and chronic
colonization perpetuate inflammation and airway epithelial injury, resulting in progression of
COPD.* Data suggest an association of TB with chronic airflow obstruction, but whether this
reflects the same pathophysiology as COPD from causes, such as smoking, is unknown.*
Bacterial pneumonia and PCP are also associated with permanent declines in lung function
among HIV+ individuals, supporting a potential role in fueling COPD pathogenesis.*® The
greater risk of pulmonary infections in those with COPD may thus contribute to the greater risk
of COPD and accelerated decline in lung function observed in individuals with poorly controlled

HIV.2

Our study has a number of strengths. The cohort is large, allowing us to impose strict
criteria to define COPD at baseline as our primary exposure despite its relatively low
prevalence, ensuring that identification of COPD precedes our outcome of incident pulmonary
infection during the two-year follow-up period. As previously demonstrated in the VACS-VC,
16% of HIV+ patients had a baseline or incident diagnosis of COPD,* suggesting that our

estimates of the burden of COPD and pulmonary infections are conservative, as more patients

13



are newly diagnosed with COPD during follow-up within the VA. Additionally, we examined data
spanning a long time interval, from the earliest era shortly after the initiation of combination ART
and including contemporary management. Also, the VACS-VC comprises a nationally
representative sample of HIV+ Veterans in care at multiple institutions and includes a

substantial proportion of minority patients.

This study also has several limitations. First, VACS-VC does not contain spirometry data
to allow physiologic assessment of COPD severity; however, we used a previously validated
approach for identifying clinical diagnoses of COPD.#’ Other large-scale epidemiologic studies
have similarly used administrative data for the diagnosis of COPD in the absence of spirometry
with fair accuracy.>>>* Similarly, we used ICD-9 codes to identify CAP, TB and PCP; episodes of
COPD exacerbation could have been misclassified as CAP, though this seems less likely for TB
or PCP. Second, smoking status was missing in a substantial proportion of patients in the
earliest time period. However, in sensitivity analyses including only individuals with non-missing
smoking status, associations were essentially unchanged. We suspect that individuals with
missing smoking status represented a group of Veterans with overall greater severity of illness
as this group had higher rates of death and fewer VA visits, resulting in fewer opportunities for
documentation of smoking status. Nonetheless, although we adjusted for smoking status at
baseline, there may still be residual confounding of the association between COPD and
pulmonary infections by cigarette smoking. Third, we may not have ascertained all
hospitalizations for our three pulmonary infections of interest because Veterans might have
been admitted to non-VA facilities, particularly in cases of greater acuity or in areas where VA
hospitals are difficult to access. This underestimation of outcome events would likely bias our
results to the null, suggesting that detected associations represent conservative estimates of
pneumonia hospitalization risk. Finally, we only report CD4+ cell counts and HIV viral load prior

to pulmonary infection events requiring hospitalization as there is no equivalent time period for

14



comparison of CD4+ cell count and viral load among those who were not hospitalized; however,

we restricted analyses to two years of follow-up.

In conclusion, we found that COPD is an independent risk factor for CAP, TB, and PCP
requiring hospitalization among HIV+ individuals, adjusting for CD4+ cell count, HIV viral load,
cigarette smoking, substance abuse, other comorbidities, vaccinations and time periods. In an
era of increasing comorbidities amongst HIV+ populations, our analysis highlights the
importance of considering the impact of these chronic conditions on risk for HIV-related
infections. Despite a decline in the absolute incidence of CAP, TB and PCP, we found a greater
IRR for CAP requiring hospitalization in more recent time periods. Taken together, these data
suggest that COPD is an important contributor to the risk for CAP, TB and PCP requiring
hospitalization in HIV+ cohorts in the current ART era. Increasingly prevalent chronic
comorbidities such as COPD will likely have significant impacts on health outcomes of aging
HIV+ populations. Longitudinal investigations are underway and are expected to contribute to
understanding of associations of HIV with chronic lung disease development.= Additional
studies are needed to assess whether the risk associated with COPD for pulmonary infection is
mediated by the severity of underlying lung disease or the use of COPD therapies such as ICS,
and to determine whether COPD affects severity and outcomes of pulmonary infections

amongst HIV+ individuals.
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Table 1. Baseline characteristics and comorbidities by time period* (n = 41,993)

Characteristic 1996 - 2000 2001 - 2005 2006 - 2009
(n = 24,278) (n = 11,058) (n =6,123)
Age (years), median (IQR) 44 (39 -50) 48 (41 - 55) 50 (42 - 57)
Male, % 98 98 97
Race/ethnicity, %
Black 49 47 49
White 39 38 35
Hispanic 8 6 7
Other 4 9 9
HIV-related variables
CD4+ cell count (cells/uL), 280 317 325
median (IQR) (124 - 470) (124 — 524) (139 — 546)
CD4+ cell count <200 cells/uL, % 37 35 32
HIV viral load >500 copies/mL, % 68 65 64
ART use, % 29 25 20
Smoking status, %
Never smoker 16 25 29
Former smoker 10 13 12
Current smoker 43 53 54
Missing 31 9 5
Alcohol-related diagnoses, % 17 15 14
Drug use disorders, % 20 16 16
COPD, % 3.7 5.0 6.0
Comorbid conditions, %
CHF 1.4 1.9 2.1
CAD/MI 13 19 23
Renal insufficiency 3.4 5.0 54
ESLD 1.5 1.5 1.6
HCV infection 37 32 24
Any malignancy 4.2 4.8 5.0
Diabetes mellitus 18 17 12
Prior pneumonia, %
CAP 6.4 6.0 6.0
B 1.9 1.2 0.7
PCP 3.9 4.2 2.9
Vaccinations, %
Influenza 14 39 51
Pneumococcal 12 36 43

*Chi-square tests or score tests for trends across time periods were statistically significant (p<0.05) for all
variables except prior bacterial pneumonia and ESLD.

CAP = community-acquired pneumonia; TB = pulmonary tuberculosis; PCP = Pneumocystis jirovecii
pneumonia; COPD = chronic obstructive pulmonary disease; CHF = congestive heart failure; CAD/MI =
coronary artery disease/myocardial infarction; ESLD = end-stage liver disease
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Table 2. Unadjusted incidence rate ratios for baseline COPD, other comorbidities and
risk factors associated with CAP, TB and PCP requiring hospitalization in Poisson

regression models

Incidence rate ratios (95% confidence intervals)

CAP

B

PCP

COPD

Age
Male
Race/ethnicity
White
Black
Hispanic
Other
HIV-related variables

2.79 (2.37 — 3.27)**

1.01 (1.01 — 1.02)**
1.17 (0.83 — 1.65)

Referent
1.39 (1.25 — 1.55)**
1.29 (1.06 — 1.56)*
0.43 (0.30 — 0.62)**

CD4+ cell count, cells//uL

<50
50-99
100-199
HIV viral load >500

copies/mL
ART use
Smoking status
Never smoked
Former smoker
Current smoker
Missing status
Alcohol-related

diagnoses
Drug use disorders
Comorbid conditions
CHF
CAD/MI
Renal insufficiency
ESLD
HCV infection
Any malignancy
Diabetes mellitus
Vaccinations
Influenza
Pneumococcal

3.59 (2.92 — 4.40)*
2.76 (2.16 — 3.52)**
2.25 (1.81 — 2.80)**
1.51 (1.31 — 1.75)**

0.90 (0.79 — 1.03)

Referent
1.37 (1.08 — 1.74)**
1.80 (1.51 — 2.14)*
5.40 (4.53 — 6.43)**
1.50 (1.33 — 1.69)**

1.49 (1.33 — 1.67)**

2.83 (2.18 — 3.67)**
1.18 (1.04 — 1.34)*
2.97 (2.50 — 3.53)**
2.72 (1.99 — 3.71)**
1.28 (1.15 — 1.41)*
2.16 (1.80 — 2.58)**
0.92 (0.81 — 1.05)

0.82 (0.73 — 0.93)*
0.97 (0.86 — 1.09)

3.09 (2.07 — 4.61)*

1.00 (0.99 — 1.02)
0.95 (0.42 — 2.13)

Referent
2.86 (2.07 — 3.95)**
2.06 (1.20 — 3.55)*

2.90 (1.77 — 4.74)*
2.44 (1.36 — 4.38)*
2.37 (1.44 — 3.91)*
1.41 (0.98 — 2.03)

0.56 (0.37 — 0.85)*

Referent
1.28 (0.57 — 2.87)
3.55 (2.04 — 6.18)**
8.39 (4.79 — 14.7)**
1.66 (1.23 — 2.25)*

1.67 (1.26 — 2.23)**

2.57 (1.27 — 5.20)*
0.75 (0.51 — 1.11)
2.07 (1.23 — 3.50)*
2.20 (0.91 — 5.34)
1.33 (1.02 — 1.73)*
1.54 (0.90 — 2.64)
1.08 (0.78 — 1.50)

0.57 (0.41 — 0.81)*
0.80 (0.58 — 1.11)

1.68 (1.25 — 2.25)*

0.99 (0.98 — 1.00)*
2.56 (1.22 — 5.40)*

Referent
1.57 (1.33 — 1.85)**
1.82 (1.39 — 2.37)**
0.52 (0.31 - 0.88)*

13.2 (8.69 — 20.1)**
10.8 (6.88 — 16.8)**
6.13 (3.94 — 9.52)**
1.82 (1.45 — 2.29)**

1.00 (0.83 — 1.22)

Referent
0.88 (0.60 — 1.29)
1.38 (1.07 - 1.77)*
5.25 (4.12 — 6.69)**
1.16 (0.96 — 1.40)

1.20 (1.00 — 1.43)

2.39 (1.58 — 3.62)**
0.89 (0.72 — 1.09)
1.87 (1.37 — 2.55)**
1.70 (0.96 — 3.01)
1.01 (0.87 — 1.18)
1.64 (1.22 — 2.21)*
0.69 (0.55 — 0.85)*

0.50 (0.41 — 0.62)**
0.71 (0.59 — 0.86)**

*p < 0.05; * p < 0.001

CAP = community-acquired pneumonia; TB = pulmonary tuberculosis; PCP = Pneumocystis jirovecii
pneumonia; COPD = chronic obstructive pulmonary disease; CHF = congestive heart failure; CAD/MI

= coronary artery disease/myocardial infarction; ESLD = end-stage liver disease



Table 3. Unadjusted incidence rate ratios for the association of baseline COPD with
CAP, TB and PCP requiring hospitalization by time period in Poisson regression

models
Incident rate ratios (95% confidence intervals)
CAP B PCP
1996 — 2000 2.46 (1.94 — 3.08)**  2.86 (1.63 — 4.72)** 1.56 (1.02 — 2.28)*
2001 - 2005 3.80 (2.80 — 5.08)**  3.57 (1.08 — 9.34)* 2.36 (1.28 — 4.03)*
2006 — 2009 2.79 (1.78 - 4.21)*  6.99 (1.93 - 21.3)* 2.04 (0.63 — 5.16)

*p <0.05;** p<0.001
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Table 4. Adjusted incidence rate ratios for the association of baseline COPD, other
comorbidities and risk factors with CAP, TB and PCP requiring hospitalization in
final multivariable Poisson regression models (n = 41,993)

Incident rate ratios (95% confidence intervals)

CAP B PCP
COPD 1.94 (1.64 — 2.30)** 2.60 (1.70 — 3.97)** 1.48 (1.10 — 2.01)*
Age 1.01 (1.00 — 1.02)* 1.01 (0.99 - 1.02) 0.99 (0.98 — 0.99)**
Race/ethnicity
White Referent Referent Referent
Black 1.24 (1.11-1.38)* 257 (1.84 —3.58)** 1.44 (1.21 - 1.70)**
Hispanic 1.21 (1.00 — 1.48) 1.98 (1.15-3.43)* 1.69 (1.29 —2.21)**
Other 0.41 (0.28 — 0.59)** -- 0.49 (0.29 — 0.82)*
HIV-related variables
CD4+ <200 1.76 (1.55-2.00)* 2.30(1.66 —3.19)** 4.11 (3.33 — 5.08)**
cells/uL
HIV viral load 1.21 (1.04 — 1.40)* 1.01 (0.70 — 1.47) 1.23 (0.98 — 1.55)

>500 copies/mL
Smoking status
Never smoker Referent Referent Referent
Former smoker 1.25 (0.98 — 1.60) 1.14 (0.50 — 2.57) 0.90 (0.61 - 1.31)
Current smoker 1.58 (1.32 -1.89)* 298 (1.70 - 5.23)** 1.32 (1.02 — 1.70)*

Missing 4.96 (4.12 -5.97)* 5.69 (3.19 - 10.1)** 4.39 (3.39 — 5.66)**
Alcohol-related 1.13 (0.97 — 1.31) 1.18(0.81-1.72) 1.04 (0.82 -1.32)
diagnoses

Drug use disorders 1.16 (1.00 — 1.34)* 1.10(0.76 — 1.59) 1.00 (0.80 — 1.25)
Comorbid conditions

CHF 1.35(1.02 - 1.78)* 1.55(0.73 - 3.27) 1.76 (1.14 — 2.73)*

CAD/MI 1.02 (0.89 - 1.17) 0.71 (0.47 — 1.06) 0.98 (0.79 — 1.22)

Renal 1.83(1.52 -2.19)* 1.23(0.71-2.13) 1.17 (0.85 - 1.62)
insufficiency

ESLD 1.29 (0.94 -1.79) 1.22 (0.49 - 3.07) 1.01 (0.56 — 1.81)

HCV infection 1.21 (1.09 - 1.35)*  1.02 (0.77 — 1.34) 1.01 (0.86 — 1.19)

Any malignancy 1.61(1.34-1.93)** 1.27 (0.73 -2.21) 1.30 (0.96 — 1.76)
Vaccinations

Influenza 0.86 (0.75 — 0.98)* 0.75(0.51 - 1.09) 0.66 (0.53 — 0.82)**

Pneumococcal 1.09 (0.96 — 1.24) 1.14 (0.80 - 1.62) 1.06 (0.86 — 1.31)
Time periods

1996 — 2000 Referent Referent Referent

2001 — 2005 1.17 (1.02 — 1.34)* 0.57 (0.38 - 0.85)*  1.11 (0.90 — 1.36)

2006 — 2009 1.33(1.12-1.59)** 0.60 (0.35 — 1.03) 0.82 (0.59 — 1.14)

*p < 0.05; ** p < 0.001

eTable 1. Incidence rate ratios for baseline COPD associated with CAP, TB and PCP requiring
hospitalization in Poisson regression models, adjusting for variables en bloc
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Incidence rate ratios (95% confidence intervals)

CAP

B

PCP

Model 1. Unadjusted

Model 2. Adjusted for
demographics?, smoking
status, alcohol-related
diagnoses, drug use disorders
and time periods

Model 3. Adjusted for above
variables + comorbid
conditions®

Model 4. Adjusted for above
variables + HIV-related
variables*

Model 5. Adjusted for above
variables + influenza and
pneumococcal vaccinations

2.79 (2.37 — 3.27)**

2.22 (1.88 — 2.63)**

2.01 (1.70 — 2.38)**

1.93 (1.63 — 2.29)**

1.94 (1.64 — 2.30)**

3.09 (2.07 — 4.61)*

2.77 (1.83 — 4.18)**

2.71 (1.78 — 4.13)**

2.57 (1.69 — 3.93)*

2.60 (1.70 — 3.97)**

1.68 (1.25 — 2.25)*

1.70 (1.26 — 2.29)*

1.58 (1.17 — 2.14)*

1.45 (1.07 — 1.97)*

1.48 (1.09 — 2.01)*

*p < 0.05; ** p < 0.001

*Demographics: age, race/ethnicity

SComorbid conditions: congestive heart failure (CHF), coronary artery disease/myocardial infarction
(CAD/MI), renal insufficiency, end-stage liver disease (ESLD), hepatitis C virus (HCV) infection, any

malignancy

*HIV-related variables: CD4+ <200 cells/pL, HIV viral load >500 copies/mL
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