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ORIGINAL RESEARCH

Community-Acquired Pneumonia and Risk 
of Cardiovascular Events in People Living 
With HIV
Jerry S. Zifodya , MD; Meredith S. Duncan , PhD; Kaku A. So-Armah, PhD; Engi F. Attia, MD;  
Kathleen M. Akgün, MD; Maria C. Rodriguez-Barradas , MD; Vincent C. Marconi, MD; Matthew J. Budoff , MD; 
Roger J. Bedimo, MD; Charles W. Alcorn, MA; Guy W. Soo Hoo, MD; Adeel A. Butt, MD, MS; Joon W. Kim, MD; 
Jason J. Sico , MD, MHS; Hilary A. Tindle, MD; Laurence Huang, MD; Janet P. Tate, MPH; Amy C. Justice, MD; 
Matthew S. Freiberg , MD; Kristina Crothers , MD

BACKGROUND: Hospitalization with community-acquired pneumonia (CAP) is associated with an increased risk of cardiovascu-
lar disease (CVD) events in patients uninfected with HIV. We evaluated whether people living with HIV (PLWH) have a higher 
risk of CVD or mortality than individuals uninfected with HIV following hospitalization with CAP.

METHODS AND RESULTS: We analyzed data from the Veterans Aging Cohort Study on US veterans admitted with their first 
episode of CAP from April 2003 through December 2014. We used Cox regression analyses to determine whether HIV sta-
tus was associated with incident CVD events and mortality from date of admission through 30 days after discharge (30-day 
mortality), adjusting for known CVD risk factors. We included 4384 patients (67% [n=2951] PLWH). PLWH admitted with CAP 
were younger, had less severe CAP, and had fewer CVD risk factors than patients with CAP who were uninfected with HIV. In 
multivariable-adjusted analyses, CVD risk was similar in PLWH compared with HIV-uninfected (hazard ratio [HR], 0.89; 95% 
CI, 0.70–1.12), but HIV infection was associated with higher mortality risk (HR, 1.49; 95% CI, 1.16–1.90). In models stratified by 
HIV status, CAP severity was significantly associated with incident CVD and 30-day mortality in PLWH and patients uninfected 
with HIV.

CONCLUSIONS: In this study, the risk of CVD events during or after hospitalization for CAP was similar in PLWH and patients 
uninfected with HIV, after adjusting for known CVD risk factors and CAP severity. HIV infection, however, was associated with 
increased 30-day mortality after CAP hospitalization in multivariable-adjusted models. PLWH should be included in future 
studies evaluating mechanisms and prevention of CVD events after CAP.

Key Words: AIDS ■ cardiovascular disease ■ community-acquired pneumonia ■ HIV

Community-acquired pneumonia (CAP) is a lead-
ing cause of infectious disease deaths1 but the 
consequences of CAP extend beyond the lungs. 

Hospitalization with CAP from bacterial as well as viral 
causes is associated with increased risk of cardiovas-
cular disease (CVD) including acute myocardial infarc-
tion, new onset or worsening congestive heart failure, 
and arrhythmias.2–6 In those with CAP, subsequent 
CVD events are associated with increased mortality.7 

Older age, preexisting CVD, and CAP severity have 
been associated with an increased incidence of these 
events after CAP.8,9 Among people uninfected with 
HIV, hospitalization with CAP is an independent risk 
factor for CVD events comparable to smoking, hy-
pertension, and diabetes mellitus.3 Up to one third 
of hospitalized patients with CAP have CVD events,7 
with most of the adverse CVD events occurring during 
the sentinel CAP hospitalization.3,7–9 Importantly, 

Correspondence to: Jerry S. Zifodya, MD, 1430 Tulane Avenue, #8509, New Orleans, LA 70112, USA. E-mail: jzifodya@tulane.edu

Supplementary Materials for this article are available at https://www.ahajo​urnals.org/doi/suppl/​10.1161/JAHA.120.017645.

For Sources of Funding and Disclosures, see page 9.

© 2020 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non-commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0003-2742-5976
mailto:﻿
https://orcid.org/0000-0001-6922-8503
https://orcid.org/0000-0003-2446-2667
https://orcid.org/0000-0002-9616-1946
https://orcid.org/0000-0001-5358-2735
https://orcid.org/0000-0002-3699-4022
https://orcid.org/0000-0001-9702-0371
mailto:jzifodya@tulane.edu
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.120.017645
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2020;9:e017645. DOI: 10.1161/JAHA.120.017645� 2

Zifodya et al.� Risk of CVD Events in HIV Post-CAP

increased CVD risk extends well past the hospitaliza-
tion period of CAP, potentially up to 10 years, with a 
4-fold increase in the first 30 days post-CAP.3

The risk for CVD events associated with CAP for peo-
ple living with HIV (PLWH) compared with uninfected peo-
ple is largely unknown. PLWH have at least a 4-fold higher 
incidence of CAP than patients uninfected with HIV,10 and 
CAP is associated with an increased risk of longer-term 
mortality.11 However other sequelae of CAP in PLWH, 
specifically risk of post-CAP CVD events, are poorly 
described. Notably, HIV infection itself has been asso-
ciated with increased risk of CVD12,13 possibly because 
of increased inflammation and immune activation.14,15 
CAP hospitalization has also been linked with increased 
inflammation16 and platelet activation, which may result 
in a procoagulant state.17 As both HIV infection and CAP 
are risk factors for CVD, there is a potential for synergism 
of the 2 in PLWH admitted with CAP, highlighting the im-
portance of studying CVD after CAP in this vulnerable 
population.

We sought to determine whether the risk for CVD 
events and mortality post-CAP is different in PLWH 
compared with individuals without HIV. We used data 
on veterans infected and uninfected with HIV in the 
VACS (Veterans Aging Cohort Study), hospitalized 
with CAP, to assess rates and risk of CVD and mor-
tality during and up to 30 days after CAP hospital-
ization. We hypothesized that PLWH would have an 
increased risk of CVD events and mortality associ-
ated with CAP compared with uninfected individuals, 
adjusting for potential confounders including age and 
severe CAP.

METHODS
We analyzed data from VACS, an observational, mul-
tisite, cohort study of PLWH and age-/race or ethnic-
ity-/sex-/site-matched veterans uninfected with HIV 
(matched 1:2), in care within the US Veterans Affairs 
(VA) Healthcare System. VACS is described in detail 
elsewhere.18,19 We included VACS participants who 
were hospitalized with a diagnosis of CAP between 
April 1, 2003 and December 31, 2014. The institutional 
review boards at Yale University (IRB #0309025943), 
and West Haven VA Medical Center (IRB #0001) ap-
proved this study. No informed consent was required. 
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

We determined the first CAP (including bacterial 
pneumonia, viral pneumonia, and unknown etiology) 
hospitalization in this time window using International 
Classifications of Disease, Ninth Revision (ICD-9) di-
agnosis codes present upon admission; we queried 
VA electronic health record, VA fee-for-service, and 
Medicare sources for these codes to capture all rele-
vant admissions. Based on prior validation work within 
VACS,20 we defined CAP admission by a CAP code as 
primary ICD-9 for admission or as secondary to 1 of 
the following primary diagnoses: HIV,19 respiratory fail-
ure, sepsis, or chronic bronchitis (Table S1). This algo-
rithm identified 9205 patients admitted with CAP. We 
sequentially excluded 4199 patients with prior diag-
noses of CVD, 74 individuals uninfected with HIV who 
seroconverted to HIV infected during follow-up, 21 in-
dividuals recorded as HIV uninfected but were found 
to be HIV infected, 444 patients with unclear follow-up 
time, and 83 with a hospital length of stay >45 days. 
After exclusions, our analytic sample comprised 4384 
veterans.

We evaluated data on demographics, length of hos-
pitalization, and laboratory results before and during 
hospitalization. We also determined tobacco use (cur-
rent, past, never) from health factors data21 and alcohol 
use disorder, illicit drug use22 and existing comorbidities 

CLINICAL PERSPECTIVE

What Is New?
•	 In this cohort, people living with HIV were hos-

pitalized with less severe pneumonia and had 
fewer cardiovascular disease (CVD) risk factors 
yet had a similar adjusted incidence of CVD 
events, during and after hospitalization with 
community-acquired pneumonia (CAP).

•	 HIV infection was associated with increased 
mortality after CAP hospitalization in fully ad-
justed models.

•	 Severe CAP was associated with an increased 
incidence of CVD events and mortality in both 
people living with HIV and patients uninfected 
with HIV.

What Are the Clinical Implications?
•	 People living with HIV should be recognized to 

be at risk for CVD events during and after hos-
pitalization with CAP.

•	 People living with HIV should be included in fu-
ture studies on the risk, mechanisms, and pre-
vention of CVD events post-CAP.

Nonstandard Abbreviations and Acronyms

CAP	 community-acquired pneumonia
PLWH	 people living with HIV
VA	 Veterans Affairs
VACS	 Veterans Aging Cohort Study
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from ICD-9 codes. An outline of comorbidity extraction 
in the VACS cohort has previously been described.12 
In PLWH, we evaluated most recent CD4 cell counts 
and viral loads before hospitalization, and active an-
tiretroviral therapy (ART) use at admission. Severe CAP 
was defined as the presence of any 1 of the following 
using VA administrative data: respiratory failure, me-
chanical ventilation (invasive or noninvasive), sepsis, 
and/or shock.

Similar to prior studies of CVD after CAP, our primary 
outcome of incident CVD during CAP hospitalization 
and up to 30 days after discharge was a composite 
of at least 1 of the following events defined by ICD-9 
codes: acute myocardial infarction, congestive heart 
failure, cardiomyopathy, unstable angina, acute isch-
emic stroke, revascularization, atrial fibrillation, and/
or ventricular arrhythmia (30-day CVD incidence; 
Table S1).3,5,8,13,23–25 We previously validated the ICD-9 
codes used for acute myocardial infarction events in 
this cohort.12 Our secondary outcome was all-cause 
mortality during hospitalization and up to 30 days after 
discharge (30-day mortality).

Statistical Analysis
Summary statistics were stratified by HIV status and 
calculated as mean (SD) and median (25th percentile 
[Q1], 75th percentile [Q3]) for continuous variables or 
N (%) for categorical variables. Differences in base-
line characteristics between groups were assessed 
via Wilcoxon rank-sum test or χ2 test, respectively. 
Unadjusted CVD and mortality incidence rates were 
calculated per 10  000 person-days using Poisson 
regression by HIV status. We verified that the pro-
portional hazards assumption held via interactions 
of HIV with the natural logarithm of follow-up time 
(CVD P value=0.43; mortality P value=0.22). We then 
performed Cox regression analyses to determine the 
association between HIV infection and incident CVD 
and mortality. With HIV as our exposure of interest, 
we generated 3 models: unadjusted, adjusted for 
age and severe CAP (minimally adjusted), and mul-
tivariable adjusted. In multivariable adjusted models, 
age, severe CAP, race/ethnicity, prior CAP, diabetes 
mellitus, hypertension, dyslipidemia, smoking status, 
alcohol use disorder, and illicit drug use served as 
confounders and covariates. In all models, we used 
a robust sandwich variance estimator to account 
for clustering among participants at the same site. 
Adjusted cumulative incidence plots were created 
for 30-day CVD incidence and mortality stratified by 
HIV status. In sensitivity analyses, we excluded those 
who died within 30 days of discharge, then evaluated 
CVD events. The associations in this model were 
similar; thus, we did not perform a competing risks 
analysis.

We stratified Cox proportional hazards regression 
models by HIV status to evaluate whether factors as-
sociated with 30-day incident CVD and mortality fol-
lowing CAP hospitalization differed between PLWH 
and individuals uninfected with HIV and to adjust for 
HIV-related variables (CD4 cell count, viral load, and 
ART usage) in models limited to PLWH. Risk factors 
considered were the same as previously described 
with the addition of the most recent CD4 cell count 
(PLWH only), HIV viral load (PLWH only), and ART 
usage (PLWH only).

Finally, we examined CVD and mortality incidence 
rates by increasing CAP severity in 3 groups: CAP 
alone (with no severity indicators); CAP and respira-
tory failure, noninvasive mechanical ventilation, and/or 
sepsis; and CAP with invasive mechanical ventilation 
and/or shock. Incidence rates were estimated using 
Poisson regression.

In supplemental analyses, all 30-day outcomes 
were reassessed at 90 days. Further, because use of 
macrolides and less commonly fluoroquinolones have 
been shown to be associated with cardiovascular out-
comes,26–29 additional supplemental analyses adjusted 
for use of one or both antibiotics between admission 
and end of follow-up to assess the robustness of our 
results.

We handled missing data via multiple imputation by 
chained equation techniques that generated 5 com-
plete data sets. Regression-based predictive mean 
matching was used to produce biologically plausible 
imputed values. Results were combined across im-
puted data sets according to Rubin’s rules.30 Before 
imputation, all variables had complete data except the 
following: smoking data (16% missing for PLWH and 
9% missing for HIV uninfected), CD4 cell count (20% 
missing), and HIV viral load (20% missing; Table 1). A 
2-sided P value of <0.05 was used to determine sta-
tistical significance, and all analyses were performed 
using SAS 9.4 (SAS Institute, Cary, NC).

RESULTS
Participant Characteristics
We included a total of 2951 PLWH and 1433 patients 
uninfected with HIV admitted with CAP in our ana-
lytic sample. PLWH were younger than people unin-
fected with HIV (mean [SD]: 52 [9] versus 56 [9] years) 
and more likely to be Black (55% versus 50%), both 
P<0.05 (Table  1). Regardless of HIV status, nearly 
all patients were men (>97%), and 21% were never 
smokers. Although illicit drug use was similarly high 
in both groups (PLWH: 44%; HIV uninfected: 46%, 
P=0.22), PLWH had a lower proportion of alcohol use 
compared with patients uninfected with HIV (38% 
versus 49%, P<0.05). Twenty-six percent of PLWH 
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received macrolides compared with 15% of pa-
tients uninfected with HIV. A total of 33% and 37% of 
PLWH and patients uninfected with HIV, respectively, 

received fluoroquinolones. Among PLWH, 88% were 
on at least 1 class of ART, 42% had an undetect-
able viral load, median (Q1, Q3) CD4 cell count was 

Table 1.  Baseline Characteristics Stratified by HIV Status

Baseline Characteristic* PLWH (n=2951) HIV-Uninfected (n=1433)

Age, y; mean (SD) 52 (9.0) 56 (9.1)

Male sex, n (%) 2867 (97) 1404 (98)

Race/ethnicity, n (%)

Black 1634 (55) 713 (50)

White 988 (34) 583 (41)

Hispanic 268 (9.1) 106 (7.4)

Other 61 (2.1) 31 (2.2)

Before CAP hospitalization

Prior CAP, n (%) 389 (13) 220 (15)

Hypertension, n (%) 1121 (38) 1830 (62)

Diabetes mellitus, n (%) 384 (13) 415 (29)

Dyslipidemia, n (%) 1687 (69) 680 (54)

Estimated glomerular filtration rate, mL/minute per 1.73 m2; mean (SD) 93 (32) 95 (39)

Smoking, n (%)†

Current 1567 (64) 776 (60)

Former 372 (15) 245 (19)

Never 526 (21) 276 (21)

History of alcohol use, n (%) 1125 (38) 704 (49)

History of illicit drug use, n (%) 1301 (44) 660 (46)

Chronic obstructive pulmonary disease, n (%) 1129 (38) 732 (51)

Antiretroviral therapy usage, n (%)

Nucleoside reverse transcriptase inhibitor 1551 (53) …

Nonnucleoside reverse transcriptase inhibitor 555 (19)

Protease inhibitor 1121 (38)

CD4 cell count, cells/mm3†; median (Q1, Q3) 311 (140, 540) …

CD4 cell count<200 cells/mm3,† n (%) 774 (33) …

HIV viral load, copies/mL †; median (Q1, Q3) 609 (50, 40 125) …

HIV viral load<400 copies/mL, † n (%) 999 (42) …

During CAP hospitalization

Length of stay, days; median (Q1, Q3) 5.0 (3.0, 8.0) 4.0 (2.0, 8.0)

Severe CAP,‡ n (%) 294 (10) 248 (17)

Mechanical ventilation, n (%)

Invasive 159 (5.4) 109 (7.6)

Noninvasive 67 (2.3) 50 (3.5)

Respiratory failure, n (%) 38 (1.3) 64 (4.5)

Sepsis, n (%) 117 (4.0) 103 (7.2)

Shock, n (%) 51 (1.7) 33 (2.3)

Cardiopulmonary resuscitation, n (%) 26 (0.9) 20 (1.4)

Antibiotics, n (%)

Macrolides 751 (26) 214 (15)

Fluoroquinolone 980 (33) 525 (37)

CAP indicates community-acquired pneumonia; and PLWH, people living with HIV.
*All characteristics were statistically different between PLWH and HIV-uninfected Veterans (P<0.05) using χ 2 test or Wilcoxon test except sex (P=0.11), prior 

CAP (P=0.05), illicit drug use (P=0.22), estimated glomerular filtration rate (P=0.99), shock (P=0.19), and cardiopulmonary resuscitation (P=0.12).
†All variables had complete data except the following: smoking data were available on 2465 (PLWH), 1297 (HIV uninfected); CD4 cell count data were available 

on 2357 (PLWH); HIV viral load data were available on 2356 (PLWH).
‡Severe CAP is defined by the presence of any 1 of the following: respiratory failure, mechanical ventilation (invasive or noninvasive), sepsis, and/or shock.
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311 (140, 540) cells/mm3, and median (Q1, Q3) viral 
load was 609 (50, 40  125) copies/mL before CAP 
hospitalization.

PLWH had fewer risk factors for CVD including hy-
pertension (38% versus 62%, P<0.05) and diabetes 
mellitus (13% versus 29%, P<0.05) than uninfected 
patients. Median (Q1, Q3) length of stay was higher in 
PLWH compared with patients uninfected with HIV (5.0 
[3.0, 8.0] versus 4.0 [2.0, 8.0] days, P<0.05; Table 1). 
However, PLWH were less likely to have at least 1 in-
dication for severe CAP (10% versus 17%, P<0.05). 
Use of invasive and noninvasive mechanical ventilation 
was lower in PLWH compared with patients uninfected 
with HIV (5.4% versus 7.6% and 2.3% versus 3.5% re-
spectively, both P<0.05). PLWH were also less likely 
to have diagnoses of respiratory failure (1.3% versus 
4.5%, P<0.05) or sepsis (4.0% versus 7.2%, P<0.05). 
Shock and cardiopulmonary resuscitation administra-
tion were similar (1.7% versus 2.3%, P=0.19; and 0.9% 
versus 1.4%, P=0.12 respectively).

Incident CVD
Overall, 5.4% (n=160) of PLWH and 8.6% (n=123; 
P<0.0001) of uninfected patients had an incident CVD 
event during CAP hospitalization or within 30 days of 
CAP discharge. Correspondingly, in unadjusted analy-
ses, HIV was associated with lower CVD risk (Table 2, 
Hazard ratio [HR], 0.62; 95% CI, 0.50–0.77). When 
adjusted for age and severe CAP, HIV was no longer 
associated with lower CVD risk (HR, 0.80; 95% CI, 
0.63–1.01). In the full multivariable model, there was no 
significant difference in CVD risk by HIV status (HR, 
0.89; 95% CI, 0.70–1.12). Accordingly, adjusted cumu-
lative CVD incidence was similar among PLWH com-
pared with individuals uninfected with HIV (Figure 1A).

When stratified by HIV status to evaluate differences in 
CVD risk factors between PLWH and patients uninfected 
with HIV, severe CAP was highly associated with 
incident CVD in both PLWH (HR, 3.93; 95% CI, 2.71–
5.70) and patients uninfected with HIV (HR, 2.43; 95% 
CI, 1.64–3.60; Table  3). Among PLWH, age was also 
associated with CVD incidence, but CD4, viral load, and 
ART regimen were not. Hypertension was associated 
with CVD incidence among PLWH and individuals 
uninfected with HIV. When evaluating all patients, 
CVD incidence rates were higher with increasing CAP 
severity; rates (95% CI) per 10 000 person-days: CAP 
alone 17.15 (14.83, 19.83); CAP and respiratory failure, 
noninvasive mechanical ventilation, and/or sepsis 
28.48 (18.56, 43.71); and CAP with invasive mechanical 
ventilation and/or shock 85.90 (66.12, 111.61).

Mortality
Overall, 7.4% (n=218) of PLWH and 7.2% (n=103) of un-
infected patients died during hospitalization or within 

30  days after discharge from a CAP hospitalization 
(P=0.80). The majority (85%; n=273) died during hospi-
talization and 15% (n=48) died within the 30 days after 
discharge. HIV status was not associated with 30-day 
all-cause mortality in unadjusted analyses (Table  2). 
However, in models adjusted for age and severe CAP 
(HR, 1.53; 95% CI, 1.20–1.96) as well as in multivar-
iable-adjusted models (HR, 1.49; 95% CI, 1.16–1.90; 
Figure  1B), HIV was associated with higher mortality 
risk.

In models stratified by HIV status, increasing age 
and severe CAP during hospitalization were both as-
sociated with increased mortality risk (Table 3). Among 
PLWH, higher CD4 cell count was associated with 
decreased mortality risk. Alcohol use was associated 
with increased mortality risk in individuals uninfected 
with HIV. Mortality incidence rates were higher with 
increasing CAP severity; rates (95% CI) per 10  000 
person-days: CAP alone 13.54 (11.55, 15.86); CAP and 
intensive care unit admission, respiratory failure, non-
invasive mechanical ventilation, and/or sepsis 58.72 
(43.05, 80.09); and CAP with invasive mechanical ven-
tilation and/or shock 168.10 (139.16, 203.06).

Supplemental Analyses
Outcomes at 90-days were largely similar to those at 
30-days post-discharge (Tables S2 and S3). Further 
adjustment for receipt of macrolides or fluoroquinolo-
nes did not change overall results: HIV remained unas-
sociated with 30-day incident CVD but increased risk 
of 30-day mortality (Table S4).

DISCUSSION
In this study, incident CVD risk during and 30  days 
after CAP hospitalization was similar in those with 
and without HIV infection in fully adjusted models (ad-
justed for age, severe CAP, and traditional CVD risk 
factors). Of note, PLWH who were admitted for CAP 
were significantly younger, less likely to have traditional 
CVD risk factors, and less likely to have severe CAP. 
In fully adjusted models, HIV infection was associated 
with increased mortality during and 30 days after CAP 
hospitalization. Severe CAP was also associated with 
increased risk of 30-day CVD incidence and mortal-
ity in both PLWH and veterans uninfected with HIV 
(Table  3). These associations were all similar when 
outcomes were assessed at 90 days and also when 
models adjusted for receipt of macrolides or fluoro-
quinolones. We found that of HIV-related variables 
in PLWH, only lower CD4 cell count was statistically 
significantly associated with increased mortality but 
not with CVD events, whereas HIV viral load and ART 
class were not associated with either incident CVD or 
mortality.
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Our findings are consistent with studies showing an 
increase in CVD events after CAP in patients uninfected 
with HIV.2–7 However, the occurrence of CVD events in 
patients uninfected with HIV in our study (8.6%) is lower 
than previously reported (10%–32%). This may be due 
in part to exclusion of patients with prior CVD in our 
study. Corrales-Medina et al found CAP to be associ-
ated with an increased risk of subsequent CVD events 
with 11.5% of those with CAP having CVD events 
within 30 days of CAP hospitalization. This association 
was stronger with increasing CAP severity. Their study, 
however, excluded PLWH, a potentially key at-risk pop-
ulation.8 Mesquita et al, in a prospective longitudinal 
cohort study of PLWH hospitalized with severe infec-
tions (of varying microbiological etiologies), showed 
a time-associated increased risk of CVD events, with 
the highest risk being proximal to the severe infection. 
Markers of HIV control, including higher CD4 count 
and ART use were protective against CVD events. This 
study focused on general severe infections and did not 
examine risk specifically associated with pneumonia.31 
To our knowledge, ours is the first study focusing on 
CVD events after admission for CAP in PLWH com-
pared with patients uninfected with HIV.

The mechanism of increased CVD risk in patients 
with CAP is unclear. Several mechanisms have been 
proposed including increased inflammation as evi-
denced by elevated inflammatory markers that persist 
post-hospitalization,16 endothelial dysfunction, proco-
agulant changes,17,32 and direct invasion of cardiac 
myocytes by bacteria.33 Inflammatory cells activated 
during acute infection upregulate host response pro-
teins leading to destabilization of existing coronary 
plaques; the procoagulant changes increase the risk of 
coronary thrombosis.34 CAP and CVD also share com-
mon risk factors such as smoking and age, thus po-
tentially increasing the risk for CVD post CAP. Another 
mechanism that can contribute to acute myocardial 

infarction is demand ischemia.35 Severe CAP often 
leads to hypoxemia, which may be exacerbated by in-
creased metabolic demands, tachycardia, and hypo-
tension leading to reduced coronary filling and cardiac 
myocyte hypoperfusion.

Because HIV is a recognized independent risk fac-
tor for CVD events, we anticipated finding a greater risk 
of CVD events following CAP in PLWH.12,13 Notably, in 
our cohort, PLWH hospitalized with CAP were younger, 
had fewer CVD risk factors, and had less severe CAP 
compared with patients uninfected with HIV. These dif-
ferences may be because of a lower threshold for hos-
pitalization of PLWH with less severe CAP compared 
with uninfected individuals.36,37 Additionally, the health 
of veterans uninfected with HIV, before hospitalization, 
may have been worse than that of veterans infected 
with HIV as evidenced by a higher prevalence of co-
morbidities including hypertension, diabetes mellitus, 
and chronic obstructive pulmonary disease among 
veterans uninfected with HIV in this analysis. These 
differences likely account for the lower unadjusted 
incidence rates of CVD events in PLWH. Indeed, in 
fully adjusted multivariable models that included age, 
traditional CVD risk factors, and CAP severity as well 
as other confounders, rates of CVD events were no 
longer significantly different in PLWH compared with 
uninfected patients.

Notably, HIV infection was associated with in-
creased 30-day all-cause mortality despite a younger 
age and fewer comorbidities among PLWH compared 
with uninfected patients. This increased mortality in 
PLWH may also account for the lack of association 
of HIV infection with CVD events as death due to 
HIV infection may be a competing risk in this cohort 
with a high rate of nonsuppressed viremia on admis-
sion. In sensitivity analyses, we excluded those who 
died within 30 days of discharge, then evaluated CVD 
events. The associations in this model were similar; 

Table 2.  Multivariable Analysis of Incident CVD and Mortality at 30 Days Following CAP Hospitalization*

30-Day CVD Incidence

Group N CVD Events
Rate/10 000 
PD [95% CI]

Unadjusted Risk 
[95% CI]

Minimally Adjusted 
Risk [95% CI]†

Multivariable Adjusted 
Risk [95% CI]‡

HIV uninfected 1433 123 30 [25, 36] 1.00 1.00 1.00

PLWH 2951 160 19 [16, 22] 0.62 [0.50, 0.77] 0.80 [0.63, 1.01] 0.89 [0.70, 1.12]

30-Day Mortality

Group N Deaths
Rate/10 000 
PD [95% CI]

Unadjusted Risk 
[95% CI]

Minimally Adjusted 
Risk [95% CI]†

Multivariable Adjusted 
Risk [95% CI]‡

HIV uninfected 1433 103 24 [20, 30] 1.00 1.00 1.00

PLWH 2951 218 25 [22, 29] 1.03 [0.81, 1.31] 1.53 [1.20, 1.96] 1.49 [1.16, 1.90]

*CAP, community-acquired pneumonia; CVD, cardiovascular disease; HIV, human immunodeficiency virus; PD, person-days; PLWH, people living with HIV.
†Adjusted for age and severe CAP.
‡Adjusted for age, severe CAP, race/ethnicity, prior CAP, diabetes mellitus, hypertension, dyslipidemia, smoking status, alcohol abuse, and illicit drug use.



J Am Heart Assoc. 2020;9:e017645. DOI: 10.1161/JAHA.120.017645� 7

Zifodya et al.� Risk of CVD Events in HIV Post-CAP

Figure 1.  Adjusted* cumulative incidence plots for CVD events and mortality; from hospitalization 
through 30 days post-discharge.
A, Cumulative incidence plot showing similar adjusted CVD incidence in PLWH compared with uninfected 
patients following CAP hospitalization (P=0.33).* adjusted for age, severe CAP, race/ethnicity, prior CAP, 
diabetes mellitus, hypertension, dyslipidemia, smoking status, alcohol abuse, and illicit drug use. B, 
Cumulative incidence plot showing higher adjusted 30-day mortality in PLWH compared with uninfected 
patients following CAP hospitalization (P=0.002). CAP indicates community-acquired pneumonia; CVD, 
cardiovascular disease; and PLWH, people living with HIV.
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thus, we did not perform a competing risks analysis. 
Some of the deaths could have been due to CVD 
events; unfortunately, we did not have cause of death 
data to assess this hypothesis. All-cause mortality, 
7.4% among PLWH in our study, is similar to prior stud-
ies that have reported mortality rates ranging from 7% 
to 10%.36,38 In contrast to our findings, recent investi-
gations show similar mortality outcomes post-CAP in 
PLWH and adults uninfected with HIV.36,39,40 However, 
as in our study, Cohen et al. showed increased pneu-
monia- and influenza-related mortality in PLWH (aged 
25–54 years).41

This study has a number of limitations. First, use 
of ICD-9 codes may not capture all CVD events and 
may overestimate some events such as atrial fibril-
lation that may have been present before admission 
but were not assigned ICD-9 diagnosis codes; how-
ever, we used previously validated ICD-9 codes and 
excluded patients with documented CVD diagnoses 
before hospitalization. These choices would result 
in nondifferential misclassification and are therefore 
unlikely to bias our results. Second, CVD events and 
hospitalizations that occurred outside the VA may 

have been missed. We incorporated Medicare and 
VA fee-for-service data and would therefore only 
miss hospitalizations covered by Medicaid or private 
insurance, which is unlikely to result in differential 
bias in PLWH compared with individuals uninfected 
with HIV. Third, as this is an observational study, we 
are unable to infer causality, but there is an estab-
lished body of literature linking increased CVD events 
in individuals uninfected with HIV with increasing 
pneumonia severity. Fourth, only 42% of PLWH in 
our cohort had undetectable viral load. Results may 
differ in a cohort with a higher percentage of PLWH 
with controlled viremia. Finally, the cohort evaluated 
is a predominantly male cohort of US veterans so 
these results may not be generalizable to the other 
populations, particularly women.

CONCLUSIONS
In conclusion, the incidence of CVD events during and 
after hospitalization for CAP was similar in PLWH and 
uninfected patients, after adjusting for age, CVD risk 

Table 3.  30-Day CVD Incidence Rates and Mortality by HIV Status in Multivariable Cox Proportional Hazards Model

Characteristic

Incident CVD Hazard Ratio [95% CI]* Mortality Hazard Ratio [95% CI]*

PLWH HIV Uninfected PLWH HIV Uninfected

Age, 10 y 1.34 [1.14, 1.58] 1.14 [0.93, 1.39] 1.35 [1.17, 1.56] 1.30 [1.02, 1.66]

Severe CAP† 3.93 [2.71, 5.70] 2.43 [1.64, 3.60] 8.45 [6.39, 11.17] 6.57 [4.51, 9.56]

Race/ethnicity

Black vs White 0.85 [0.62, 1.17] 0.83 [0.58, 1.20] 0.83 [0.57, 1.21] 1.74 [1.19, 2.54]

Hispanic vs White 0.83 [0.43, 1.59] 0.58 [0.29, 1.16] 1.24 [0.87, 1.75] 0.95 [0.48, 1.89]

Other vs White 1.52 [0.64, 3.60] 1.59 [0.67, 3.79] 1.90 [0.97, 3.74] 1.80 [0.46, 7.11]

Prior CAP 0.68 [0.36, 1.29] 1.03 [0.62, 1.73] 0.55 [0.34, 0.89] 0.17 [0.05, 0.57]

Diabetes mellitus 1.25 [0.77, 2.03] 1.00 [0.68, 1.47] 1.25 [0.81, 1.93] 1.07 [0.71, 1.62]

Hypertension 1.38 [1.02, 1.87] 2.20 [1.42, 3.42] 1.00 [0.76, 1.31] 0.79 [0.52, 1.18]

Dyslipidemia 0.99 [0.65, 1.51] 1.16 [0.76, 1.76] 1.33 [0.87, 2.04] 1.10 [0.73, 1.64]

Smoking

Current vs never 1.54 [0.94, 2.54] 0.86 [0.53, 1.40] 1.09 [0.72, 1.66] 1.27 [0.63, 2.55]

Former vs never 1.20 [0.62, 2.34] 0.48 [0.26, 0.88] 0.83 [0.47, 1.48] 1.00 [0.47, 2.14]

Alcohol abuse 0.93 [0.63, 1.38] 1.39 [0.85, 2.27] 1.14 [0.79, 1.66] 1.98 [1.22, 3.23]

Illicit drug use 0.95 [0.63, 1.43] 0.61 [0.38, 0.98] 0.67 [0.46, 0.97] 0.55 [0.36, 0.84]

CD4 cell count, per 200 cells/
mm3 increase

0.93 [0.82, 1.03] … 0.78 [0.67, 0.91] …

HIV viral load, per 10 000 
copies/mL increase

0.99 [0.98, 1.01] … 1.00 [0.99, 1.00] …

Receipt of nucleoside reverse 
transcriptase inhibitor

1.35 [0.86, 2.14] … 1.02 [0.65, 1.60] …

Receipt of nonnucleoside 
reverse transcriptase inhibitor

0.88 [0.60, 1.29] … 0.81 [0.50, 1.32] …

Receipt of protease inhibitor 0.86 [0.57, 1.31] … 0.88 [0.60, 1.29] …

CAP indicates community-acquired pneumonia; CVD, cardiovascular disease; and PLWH, people living with HIV.
*Adjusted for all listed characteristics.
†Severe CAP defined by the presence of any 1 of the following: respiratory failure, mechanical ventilation (invasive or noninvasive), sepsis, and/or shock.
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factors, and CAP severity. Notably, PLWH in this co-
hort were hospitalized with less severe pneumonia and 
had fewer CVD risk factors yet had a similar adjusted 
incidence of CVD events. HIV infection was associated 
with increased mortality after CAP hospitalization in 
fully adjusted models. Finally, severe CAP is associated 
with an increased incidence of CVD events and mor-
tality in both PLWH and patients uninfected with HIV. 
PLWH should be included in future studies on the risk, 
mechanisms, and prevention of CVD events post-CAP.
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Table S1. ICD-9 diagnosis codes. 
Admission Diagnoses 
CAP ICD-9: 480.x, 481.x, 482.x, 483.x, 484.x, 485.x, 486.x, 487.x, 507.x 
Chronic bronchitis ICD-9: 491.2 
HIV ICD-9: 042-044, V08 
Respiratory failure ICD-9: 518.81, 518.82, 518.84 
Sepsis ICD-9: 038.x, 995.91, 995.92, 790.7 
 
CVD Event Diagnoses 
Acute myocardial infarction ICD-9: 410.x (inpatient only) 
Atrial fibrillation/flutter ICD-9: 427.31 and 427.32 
Cardiomyopathy ICD-9: 425.1, 425.2, 425.3, 425.4, 425.5, 425.7, 425.8, 425.9, 425.0, 425.11, 425.18 
CHF ICD-9: 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, 428.0, 428.1, 428.21, 428.22, 
428.23, 428.31, 428.32, 428.33, 428.41, 428.42, 428.43, 428.9, 428.20, 428.30, 428.40 
Ischemic Stroke ICD-9: 436 (inpatient only), 438.x (outpatient only), 433.x1, 434.x1 
Revascularization Procedure ICD-9 Codes: 00.66, 36.00, 36.01, 36.02, 36.03, 36.04, 36.05, 36.06, 36.07, 36.08, 

36.09; CPT Codes: 33510, 33511, 33512, 33513, 33514, 33515, 33516, 33517, 33518, 33519, 33520, 33521, 

33522, 33523, 33530, 33531, 33532, 33533, 33534, 33535, 33536, 92973, 92974, 92975, 92976, 92977, 92978, 

92979, 92980, 92981, 92982, 92983, 92984, 92995, 92996, 92997, 92998 
Unstable angina ICD-9: 411.x (inpatient only) 
Unspecified arrythmia ICD-9: 427, 427.2, 427.5, 427.8, 427.89, 427.9, 429.4, 997.1, V12.53 
Ventricular arrythmia ICD-9: 427.1, 427.4 
CAP, community acquired pneumonia; CHF, congestive heart failure; CVD, cardiovascular disease; HIV, human 

immunodeficiency virus; ICD-9, International Classifications of Disease Ninth Revision. 

 



Table S2. Multivariable analysis of Incident CVD and Mortality at 90 days following CAP 
hospitalization* 

90-Day CVD Incidence 

Group N 
CVD 

Events 
Rate/10,000 
PD [95% CI] 

Unadjusted Risk  
[95% CI] 

Minimally 
Adjusted Risk 

[95% CI] † 

Multivariable 
Adjusted Risk  

[95% CI] ‡ 

HIV-uninfected 1433 160 14 [12, 17] 1.00 1.00 1.00 

PLWH 2951 207 9 [8, 10] 0.62 [0.51, 0.75] 
0.81 [0.66, 

0.99] 
0.89 [0.72, 1.09] 

90-Day Mortality  

Group N Deaths 
Rate/10,000 
PD [95% CI] 

Unadjusted Risk  
[95% CI] 

Minimally 
Adjusted Risk 

[95% CI] † 

Multivariable 
Adjusted Risk 

[95% CI] ‡ 

HIV-uninfected 1433 154 13 [11, 15] 1.00 1.00 1.00 

PLWH 2951 329 13 [12, 15] 1.04 [0.86, 1.26] 
1.50 [1.22, 

1.84] 
1.40 [1.14, 1.71] 

* CAP, community-acquired pneumonia; CI, confidence interval; CVD, cardiovascular disease; HIV, human 

immunodeficiency virus; PD, person days; PLWH, people living with HIV. 

† adjusted for age and severe CAP. 

‡ adjusted for age, severe CAP, race/ethnicity, prior CAP, diabetes mellitus, hypertension, dyslipidemia, smoking 

status, alcohol abuse, and illicit drug use. 

 
  



Table S3. 90-day CVD incidence rates and mortality by HIV status in multivariable Cox 
proportional hazards model 

Characteristic 
Incident CVD Hazard Ratio [95% CI]* Mortality Hazard Ratio [95% CI]* 

PLWH HIV-uninfected PLWH HIV-uninfected 

Age, 10 years 1.45 [1.25, 1.68] 1.25 [1.03, 1.48] 1.38 [1.22, 1.56] 1.49 [1.23, 1.79] 

Severe CAP † 3.93 [2.85, 5.42] 2.50 [1.74, 3.59] 6.85 [5.52, 8.51] 4.57 [3.35, 6.24] 

Race/ethnicity     
   African American vs. White 0.93 [0.70, 1.23] 0.94 [0.68, 1.30] 0.88 [0.67, 1.16] 1.31 [0.93, 1.84] 
   Hispanic vs. White 0.92 [0.50, 1.71] 0.53 [0.29, 0.96] 1.15 [0.67, 1.66] 0.71 [0.38, 1.34] 
   Other vs. White 1.54 [0.74, 3.20] 1.34 [0.54, 3.31] 1.73 [0.99, 3.00] 1.87 [0.69, 5.08] 
Prior CAP 0.78 [0.48, 1.28] 0.89 [0.54, 1.47] 0.66 [0.44, 1.01] 0.16 [0.06, 0.44] 
Diabetes Mellitus 1.23 [0.81, 1.87] 1.07 [0.79, 1.46] 1.18 [0.84, 1.67] 1.00 [0.68, 1.46] 
Hypertension 1.21 [0.95, 1.54] 1.99 [1.32, 3.00] 0.84 [0.66, 1.07] 0.75 [0.51, 1.11] 
Dyslipidemia  0.98 [0.68, 1.41] 1.28 [0.89, 1.84] 1.13 [0.83, 1.52] 1.26 [0.91, 1.75] 
Smoking     
   Current vs. Never 1.41 [0.92, 2.17] 0.87 [0.56, 1.37] 1.12 [0.78, 1.60] 1.23 [0.66, 2.27] 
   Former vs. Never 1.13 [0.63, 2.03] 0.58 [0.35, 0.97] 0.98 [0.60, 1.60] 1.12 [0.61, 2.07] 
Alcohol Abuse 1.02 [0.74, 1.42] 1.46 [0.98, 2.19] 1.07 [0.78, 1.47] 1.82 [1.21, 2.73] 
Illicit Drug Use 1.00 [0.69, 1.45] 0.66 [0.43, 1.01] 0.72 [0.54, 0.96] 0.71 [0.49,1.02] 
CD4 Cell Count, per 200 cells/mm3 
increase  

0.97 [0.86, 1.09] --- 
0.76 [0.66, 0.87] --- 

HIV Viral Load, per 10,000 
copies/mL increase 

1.00 [0.99, 1.01] --- 
1.00 [0.99, 1.00] --- 

Receipt of NRTI 0.96 [0.62, 1.48] --- 0.98 [0.68, 1.41] --- 
Receipt of NNRTI 0.96 [0.66, 1.39] --- 0.80 [0.54, 1.18] --- 
Receipt of PI 1.19 [0.77, 1.83] --- 0.93 [0.67, 1.28] --- 

* adjusted for all listed characteristics. 

† Severe CAP defined by the presence of any one of the following: respiratory failure, mechanical ventilation 

(invasive or non-invasive), sepsis, and/or shock. 

CAP, community-acquired pneumonia; HIV, human immunodeficiency virus; NNRTI, nonnucleoside reverse 

transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; PLWH, people living 

with HIV. 



Table S4. Multivariable analysis of Incident CVD and Mortality at 30 days following CAP 
hospitalization additionally adjusted for antibiotic usage* 

30-Day CVD Incidence 

Group N 
CVD 

Events 
Rate/10,000 
PD [95% CI] 

Multivariable 
Adjusted Risk  

[95% CI] † 

HIV-uninfected 1433 123 30 [25, 36] 1.00 
PLWH 2951 160 19 [16, 22] 0.92 [0.73, 1.17] 

30-Day Mortality  

Group N Deaths 
Rate/10,000 
PD [95% CI] 

Multivariable 
Adjusted Risk 

[95% CI] † 

HIV-uninfected 1433 103 24 [20, 30] 1.00 
PLWH 2951 218 25 [22, 29] 1.59 [1.22, 2.07] 

* CAP, community-acquired pneumonia; CI, confidence interval; CVD, 

cardiovascular disease; HIV, human immunodeficiency virus; PD, person 

days; PLWH, people living with HIV. 

† adjusted for age, severe CAP, race/ethnicity, prior CAP, diabetes mellitus, 

hypertension, dyslipidemia, smoking status, alcohol abuse, illicit drug use, 

macrolide use, and fluoroquinolone use. 

 
 




