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Abstract

Objectives—Outcomes of community–acquired pneumonia (CAP) among HIV-infected older 

adults are unclear.

Methods—Associations between HIV infection and three CAP outcomes (30-day mortality, 

readmission within 30 days post-discharge, and hospital length of stay [LOS]) were examined in 

the Veterans Aging Cohort Study (VACS) of male Veterans, age ≥ 50 years, hospitalized for CAP 

from 10/1/2002 through 08/31/2010. Associations between the VACS Index and CAP outcomes 

were assessed in multivariable models.

Results—Among 117 557 Veterans (36 922 HIV-infected and 80 635 uninfected), 1203 met our 

eligibility criteria. The 30-day mortality rate was 5.3%, the mean LOS was 7.3 days, and 13.2% 

were readmitted within 30 days of discharge. In unadjusted analyses, there were no significant 

differences between HIV-infected and uninfected participants regarding the three CAP outcomes 

(P > 0.2). A higher VACS Index was associated with increased 30-day mortality, readmission, and 

LOS in both HIV-infected and uninfected groups. Generic organ system components of the VACS 

Index were associated with adverse CAP outcomes; HIV-specific components were not. Among 

HIV-infected participants, those not on antiretroviral therapy (ART) had a higher 30-day mortality 
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(HR 2.94 [95% CI 1.51, 5.72]; P = 0.002) and a longer LOS (slope 2.69 days [95% CI 0.65, 4.73]; 

P = 0.008), after accounting for VACS Index. Readmission was not associated with ART use (OR 

1.12 [95% CI 0.62, 2.00] P = 0.714).

Conclusion—Among HIV-infected and uninfected older adults hospitalized for CAP, organ 

system components of the VACS Index were associated with adverse CAP outcomes. Among HIV-

infected individuals, ART was associated with decreased 30-day mortality and LOS.
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HIV; outcomes; pneumonia

Introduction

Adults aged 50 years or older represent 10.8% of new HIV infections, and it is estimated 

that they will constitute the majority of patients living with HIV in the USA by 2020 [1–3]. 

Opportunistic pneumonias were a major cause of morbidity and mortality in the pre-

antiretroviral therapy (ART) era. Although rates of opportunistic pneumonias have declined 

markedly among HIV-infected individuals on ART, the rate of bacterial pneumonia has not 

decreased proportionately [4,5]. HIV-infected adults remain at increased risk of community-

acquired pneumonia (CAP) compared with uninfected individuals, with an overall mortality 

estimated at 5–12% [6–9].

Although much has been learned about health outcomes of CAP in uninfected patients, CAP 

outcomes among HIV-infected adults are less clear. Some studies reported a higher 

incidence of CAP-related mortality and complications among HIV-infected compared with 

uninfected individuals; others suggested that HIV infection did not influence mortality or 

length of stay (LOS) among patients hospitalized for CAP [10–17]. Little is known about 

CAP prognosis among the growing population of HIV-infected older adults (i.e. age ≥ 50 

years) in the post-ART era, and existing guidelines for the treatment of hospitalized patients 

with CAP do not specifically address the approach to patients with HIV infection, including 

the applicability of severity of illness scores such as CURB-65 (Confusion, Blood urea 

nitrogen >19 mg/dl, Respiratory rate =or>30 breaths/minute, Systolic blood pressure <90 

mm Hg or Diastolic blood pressure < or = 60 mm Hg, and Age = or > 65 years) or the 

Pneumonia Severity Index (PSI) [18,19]. The Veterans Aging Cohort Study (VACS), a 

longitudinal observational cohort study, is an ideal framework in which to study health 

outcomes in HIV-infected and uninfected older adults with CAP [20]. The VACS Index is a 

composite quantitative measure of HIV-specific (i.e. CD4 count and HIV RNA) and general 

organ system components (i.e. haemoglobin concentration, platelet count, concentration of 

hepatic transaminases, estimated glomerular filtration rate and hepatitis C) as well as age 

(Table 1) [21]. The VACS Index is a validated predictor of all-cause mortality in HIV-

infected patients [21,22] and also predicts 30-day mortality for both HIV-infected and 

uninfected patients admitted to the medical intensive care unit (ICU) [23]. The index is 

correlated with biomarkers of inflammation [24].

In this study, we examined the impact of HIV infection on clinical outcomes in older adults 

(age ≥ 50 years) hospitalized with CAP. We hypothesized that those with HIV infection have 
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a greater risk of adverse outcomes, including 30-day mortality, readmission within 30 days 

post-discharge, and hospital LOS, compared with uninfected patients. We explored factors 

associated with adverse CAP outcomes, including the VACS Index and its components as a 

measurement of severity of injury scores.

Methods

The associations between HIV infection and three clinical outcomes following 

hospitalization for CAP were examined using data from the VACS virtual cohort [20]. The 

VACS virtual cohort study is an ongoing prospective, observational, virtual cohort study that 

includes more than 40 000 HIV-infected veterans and 80 000 age-, race-, and site-matched 

uninfected controls. The VACS cohort was established to investigate the overall impact of 

HIV infection, treatment, and comorbid conditions on morbidity and mortality. Patients 

eligible for the current study were those alive and under follow-up from 1 October 2002 to 

31 August 2010. Our inclusion criteria were age ≥ 50 years on hospital admission and 

hospitalization with CAP during the study period. The diagnosis of CAP was based on 

International Classification of Diseases, 9th Revision (ICD-9) codes on hospital discharge 

with the diagnosis of pneumonia (Appendix S1) [25], either as a primary diagnosis or as a 

diagnosis secondary only to HIV diagnosis, in which intravenous antibiotics were 

administered within 72 hours of admission, and with no prior hospitalization within 90 days 

of admission. Those with pneumonia secondary to Pneumocystis jiroveci, Mycobacterium 
tuberculosis, or fungal infection were not included. Women, who represented < 2% of the 

cohort, those with undetermined HIV status, and those with incomplete covariate data were 

also excluded. Only the first episode of CAP during the study period was included in our 

analysis.

Study variables

Age was measured in years at the date of admission. The VACS Index score was obtained at 

hospital admission, using the highest score on the day of, the day before, or the day after 

admission. Components of the VACS Index were categorized and assigned point values 

using a previously established system and summed to calculate a score [21]. The race/

ethnicity category was collapsed to ‘white’ or ‘nonwhite’. Smoking status was characterized 

as ‘current’, ‘past’ or ‘never’. The presence of pulmonary comorbidities and alcohol- and 

drug-related diagnoses were all coded as yes/no. Pulmonary comorbidities were defined by 

ICD-9 codes related to the standard VACS pulmonary comorbidities defined by the VACS 

pulmonary working group and are attributed to the diagnosis for the period from 1 year 

before to 6 months after enrolment in the VACS cohort (Appendix S2). Alcohol- or drug-

related diagnoses were ICD-9 codes attributed to alcohol or substance abuse-related 

diagnosis within 1 year of admission for CAP. For both alcohol- and drug-related diagnoses, 

ICD-9 codes indicating treatment for remission or rehabilitation were excluded. Finally, 

within the HIV-infected group, ART at the time of presentation with CAP was defined as 

receiving ART within 14 days prior to CAP admission. Three CAP outcomes were 

examined: 30-day mortality (defined as death from any cause within 30 days of admission), 

all-cause readmission within 30 days post-discharge and hospital LOS in days.
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Statistical analysis

We calculated descriptive statistics by HIV status, assessing the significance of differences 

in means with Student t-tests and differences among proportions with a χ2 test in the 

analytic sample. Multivariable regression models were used to assess the association 

between outcomes and the variables listed above (e.g. sociodemographic characteristics, 

smoking, comorbidities, ART use, VACS Index) using Cox regression for mortality, logistic 

regression for readmission and linear regression for LOS. For these three outcomes, five sets 

of models were run. The first model set (model 1) involved the entire sample (HIV-infected 

and uninfected individuals). The second set (model 2) was restricted to uninfected 

individuals only. The third to fifth sets (models 3−5) included only HIV-infected 

participants. All models were adjusted for race, smoking status, pulmonary comorbidity, and 

alcohol- and drug-related diagnoses within the year prior to admission. As age is included as 

an item in the VACS Index score, model set 5 (HIV-infected individuals only), which 

separated HIV-specific (i.e. CD4 count and HIV RNA) and organ system components (i.e. 

haemoglobin concentration, platelet count, concentration of hepatic transaminases, estimated 

glomerular filtration rate and hepatitis C), was additionally adjusted for age, dichotomized as 

< 65 or ≥ 65 years. In order to estimate the effect of ART, model set 5 investigated the 

association of VACS Index score components and ART (yes/no) on admission with the 

various outcomes. All statistical tests were two-tailed and results were considered 

statistically significant when P < 0.05. Analyses were performed using SAS 9.2 software 

(SAS Institute Inc., Cary, NC, USA).

Results

Among the cohort of 117 557 veterans (36 922 HIV-infected and 80 635 uninfected 

demographically matched veterans), 2578 met the criteria for hospitalization because of 

CAP, and 1612 of those were aged 50 years or older. Among the subset of 1612 participants, 

389 were excluded [four for undetermined HIV status and 385 (288 HIV-infected and 97 

uninfected) for missing covariate data]. Twenty women were excluded (17 HIV-infected and 

three uninfected) as this represented an insufficient number to provide generalizability to 

women (< 2% of the cohort). Of the 1203 remaining in our study sample, 670 (55.7%) were 

HIV-infected and 533 (44.3%) were uninfected (Fig. 1). The median age was 56 years for 

HIV-infected participants [lower quartile (LQ)–upper quartile (UQ) 53–60 years] and 57 

years for uninfected participants (LQ–UQ 54–63 years).

There were several differences in patient characteristics by HIV status (Table 2). Compared 

with uninfected participants, the HIV-infected participants were less likely to be aged ≥ 65 

years [70 (10.4%) HIV-infected individuals versus 112 (21.0%) uninfected individuals; P < 

0.001], to be of white race [275 (41.0%) versus 249 (46.7%), respectively; P = 0.049], or to 

have a pulmonary comorbidity [64 (9.6%) versus 71 (13.3%), respectively; P = 0.040], but 

more likely to have a drug-use-related diagnosis [132 (19.7%) versus 78 (14.6%), 

respectively; P = 0.021]. There were no significant differences between HIV-infected and 

uninfected participants regarding smoking, alcohol-related diagnoses, type of pneumonia or 

any of the three clinical CAP outcomes (i.e. 30-day mortality, readmission within 30 days of 

discharge, or hospital LOS). Based on ICD-9 codes identified, the majority of participants 
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(84.5%) had an unspecified cause of CAP hospitalization, 13.6% were classified as having 

bacterial causes and 1.9% viral causes; the aetiology of CAP did not vary by HIV status. 

Among the subset of HIV-infected participants, 81.8% were on ART at the time of 

hospitalization and 53.4% had HIV RNA < 500 HIV-1 RNA copies/ml. Comparing HIV-

infected participants on ART with those not on ART, there was no significant difference in 

mean CD4 count at the time of hospitalization (390.6 versus 413.3 cells/μL, respectively; P 
= 0.484). However, the mean HIV viral load at the time of hospitalization was lower in the 

participants on ART compared with those not on ART (34 698 versus 65 192 copies/mL, 

respectively; P = 0.046).

The majority of study participants (96.4%) received one or more groups of CAP-appropriate 

intravenous antibiotics, as defined by the Infectious Diseases Society of America guidelines 

[19], within 72 hours of admission. The five most commonly prescribed antimicrobial agents 

included one or a combination of the following antibiotic groups: respiratory tract-targeted 

beta lactams, 20.9% (e.g. amoxicillin/clavulanate, ampicillin/sulbactam, cefuroxime, 

cefaclor, cefamandole, cefpodoxime, cefotaxime or ceftriaxone); respiratory tract-targeted 

quinolones, 17.7% (e.g. gatifloxacin, levofloxacin, moxifloxacin or ofloxacin); macrolides, 

17.0% (e.g. azithromycin, clarithromycin or erythromycin); anti-pseudomonal beta lactams, 

12.5% (e.g. ticarcillin, piperacillin, cefepime, ceftazidime or imipenem); and anti-

methicillin-resistant Staphylococcus aureus agents, 11.4% (e.g. vancomycin or linezolid). 

Overall, the 30-day mortality rate for study participants hospitalized for CAP was 5.3%; the 

mean LOS was 7.3 days [standard deviation (SD) 9.9 days], and 13.2% were readmitted 

within 30 days of discharge. In unadjusted analyses, HIV infection was not statistically 

significantly associated with any outcome (P > 0.2 for all). However, organ system 

components’ score of the VACS Index score were significantly greater among the HIV-

infected cohort compared with the uninfected cohort [mean 32.7 (SD 19.4) versus 27.2 (SD 

17.5), respectively; P < 0.001], as was the total VACS Index score [mean 60.1 (SD 25.1) 

versus 42.3 (SD 19.6), respectively; P < 0.001]. The majority of the HIV-infected cohort had 

CD4 counts < 500 cells/μL and HIV viral loads < 500 copies/mL and were receiving ART.

The adjusted models 1 to 5 for the three CAP clinical outcomes (30-day mortality, 

readmission and LOS) are shown in Table 3. Model 1 used the entire cohort (HIV-infected 

and uninfected participants) and showed that the VACS Index (scaled in five-point 

increments) was significantly associated with 30-day mortality [hazard ratio (HR) 1.17; 95% 

confidence interval (CI) 1.12, 1.23; P < 0.001], readmission 30 days post-discharge [odds 

ratio (OR) 1.08; 95% CI 1.05, 1.12; P < 0.001] and hospital LOS (slope 0.24; 95% CI 0.12, 

0.36; P < 0.001). For each five-point increment in VACS Index score there was a 17% 

increase in the risk of 30-day mortality, an 8% increase in the risk of readmission within 30 

days post-discharge, and a 0.24-day incremental increase in LOS. These relationships 

remained, with approximately the same magnitudes, for both the uninfected group (model 2) 

and the HIV-infected group (model 3). Model 4 assessed the association with ART after 

adjusting for VACS Index in the HIV-infected participants only, and showed that the absence 

of ART on admission conferred a nearly three-fold increase in 30-day mortality (HR 2.94; 

95% CI 1.51, 5.72; P = 0.002) and 2.7 additional days of hospitalization (slope 2.69; 95% CI 

0.65, 4.73; P = 0.008); ART was not associated with readmission (HR 1.12; 95% CI 0.62, 

2.00; P = 0.714). Model 5 (HIV-infected individuals only) examined the effects of the HIV-
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specific and organ system components of the VACS Index and showed that organ system 

components were strongly associated with all three CAP outcomes. As with model 4, lack of 

ART on admission was associated with increased 30-day mortality and LOS.

Figure 2 illustrates the adjusted 30-day mortality rate by ART on admission and the median 

of the VACS Index score divided into tertiles. As shown, an increasing VACS Index score 

was associated with a greater mortality difference in those not taking ART compared with 

those taking ART. Specifically, for a VACS Index score median of 58, the adjusted mortality 

rate was 18.4 (95% CI 6.6, 51.3)/1000 person-months for those on ART versus 73.6 (95% CI 

24.8, 218.5)/1000 person-months for those not on ART. Similarly, for a VACS Index score 

median of 86, the adjusted mortality rate was 39.6 (95% CI 16.3, 96.2)/1000 person-months 

for those on ART versus 128.5 (95% CI 55.2, 299.3)/1000 person-months for those not on 

ART.

Discussion

This study demonstrated that, among older male veterans hospitalized for CAP, a higher 

VACS Index score was associated with a higher risk of 30-day mortality, readmission within 

30 days post-discharge, and prolonged LOS. Outcomes did not differ overall by HIV status 

in this sample, but after adjustment for all the components of the VACS Index score, ART 

exposure was independently associated with decreased mortality and LOS among the HIV-

infected group.

Previous publications that examined CAP outcomes among hospitalized HIV-infected 

patients reported conflicting results [4,5,10–14,16–17]. Some studies showed that HIV 

infection did not affect mortality or LOS [13,17]; others concluded the opposite [16]. HIV-

infected patients were reported to have higher mortality and longer LOS in high-risk 

subgroups including injecting drug users, smokers and patients with pulmonary 

comorbidities. However, most of these cohort studies were carried out in the pre-ART era, 

had small sample sizes, did not adjust for HIV-specific covariates (e.g. CD4 count, viral load 

and ART use), or did not include substantial numbers of older adults [10–14, 16–17].

Our study involved the largest sample to date of HIV-infected older men hospitalized for 

CAP and assessed for multiple clinical outcomes, and it highlighted several important 

findings. First, it demonstrated the clinical significance of the VACS Index scoring system as 

a predictor of CAP outcomes among older adults with and without HIV infection. While 

outcomes did not differ statistically by HIV status, the wide variation in outcomes observed 

among both HIV-infected and uninfected groups was substantially explained by VACS Index 

score for both groups. The VACS Index has been validated to predict all-cause mortality in 

HIV-infected individuals [20–23], but this is the first study showing its value in predicting 

clinically relevant CAP outcomes including 30-day mortality, hospital LOS and readmission 

in both HIV-infected and uninfected participants. In our analysis, HIV viral loads, CD4 cell 

counts, race, smoking, pulmonary comorbidities, and substance abuse- and alcohol use-

related diagnoses did not individually influence CAP adverse outcomes for HIV-infected 

participants compared with uninfected participants. Prior reports had utilized composite 

scoring systems in HIV-infected patients with CAP to predict mortality [10–12]. However, 
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our study not only demonstrated the association of the VACS Index score with adverse CAP 

outcomes, but showed that CAP clinical outcomes among older men were affected less by 

HIV-specific measures (e.g. CD4 count and viral load) than by organ system components of 

the VACS Index score. This may be explained by the chronic inflammatory state in HIV-

infected patients, even in those with suppressed viral loads and preserved CD4 counts, which 

could potentially cause physiological injury reflected in the organ system components of the 

VACS Index (e.g. estimated glomerular filtration rate and haemoglobin concentration). 

Hence, the VACS Index could provide, based on routinely available clinical data, a valuable 

tool in guiding clinical decision making by identifying HIV-infected patients hospitalized 

with CAP who are at greater risk of adverse outcomes.

Secondly, although the VACS Index score was recognized as an important predictor of 30-

day mortality and LOS, the lack of ART use in the HIV-infected cohort was independently 

associated with three-fold increase in mortality (HR 2.94; 95% CI 1.51, 5.72; P = 0.002) and 

a 2.7-day prolongation of hospitalization (slope 2.69; 95% CI 0.65, 4.73; P = 0.008). An 

increasing VACS Index score was associated with a greater increase in mortality in those not 

taking ART compared with those taking ART. While those in the first tertile of VACS Index 

scores had low and comparable mortality with or without ART, those with VACS Index 

scores above 80 and not taking ART had approximately 3 times the 30-day mortality rate of 

those taking ART on admission (Fig. 2). One can speculate that patients who are on ART 

might be more adherent to medical care and make better health lifestyle choices that affected 

short-term mortality. Alternatively, HIV-infected older adults on ART might have improved 

innate or adaptive immunity that was not reflected in CD4 counts or HIV viral loads [26].

Of note, despite there being only a modest difference in median age at CAP diagnosis (56 

years for HIV-infected participants and 57 years for uninfected participants), the HIV-

infected group included a significantly lower proportion of participants who were ≥ 65 years 

old compared with the uninfected group. Several studies reported the increased risk of 

comorbidities in HIV-infected individuals than in HIV-uninfected adults [26–32]. Chronic 

HIV infection, despite HIV viral suppression, might exacerbate pathophysiological 

processes such as endothelial or end organ damage which could increase the risk for aging 

and multiple morbidities, including pneumonia.

Important strengths of our study included a large sample size and the use of multivariate 

techniques to adjust for confounders. It also had limitations. First, the study population 

involved only male veterans who were hospitalized; therefore, the results are not 

generalizable to women or ambulatory patients with CAP. Secondly, participants treated or 

readmitted after discharge in a non-Veterans Administration Healthcare System were not 

captured. Thirdly, a large number of CAP diagnoses had unspecified pathogens possibly 

because of the limitations of using ICD-9 codes for microbiological CAP categorization, 

consistent with preceding reports concluding that identifying the microbiological pathogen 

in many patients with CAP continued to be problematic [33–39]. Although S. pneumoniae 
had been the most commonly identified aetiology of bacterial pneumonia among HIV-

infected patients [9] and was found to be associated with a high rate of complications, 

approximately one-third of cases remained microbiologically undiagnosed despite 

significant efforts and the usage of the most reliable diagnostic testing [9,36–39]. In this 
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study, almost 85% of diagnoses were classified as unspecified, but more than 96.4% of the 

participants received appropriate respiratory tract-targeted antibiotics based on the 

classification adopted from the Infectious Diseases Society of America guidelines [19]. 

Although a prior study of pneumococcal vaccine suggested that it was protective against 

pneumonia among HIV-infected patients [40], the lack of data regarding pneumococcal and 

influenza vaccination in our data set during the study period prevented additional analyses of 

their impact on the clinical outcomes.

In summary, our findings highlighted the clinical value of the VACS Index score in 

prognostic evaluation of CAP adverse outcomes among older adults with or without HIV 

infection. We also showed the positive impact of ART among older HIV-infected adults 

hospitalized for CAP independent of its effect on CD4 count or HIV viral load. As the 

number of older adults with HIV infection increases, future efforts should be focused on 

strategies to reduce adverse clinical outcomes for pneumonia and other common 

nonopportunistic infections.
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Fig. 1. 
The Veterans Aging Cohort Study (VACS) community-acquired pneumonia (CAP) cohort. 

*Race, smoking status, pulmonary comorbidity, alcohol-related and drug-related diagnoses 

within the year prior to admission and VACS Index score.
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Fig. 2. 
Adjusted 30-day mortality rate by Veterans Aging Cohort Study (VACS) Index and 

antiretroviral therapy (ART). *Deaths/1000 person-months and 95% confidence interval, 

adjusted for race, smoking status, pulmonary comorbidity, and alcohol-related and drug-

related diagnoses within the year prior to admission.
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Table 1

Veterans Aging Cohort Study (VACS) Index score

Component Variable Value Point Scored

Age (years) < 50   0

50 to 64 12

≥ 65 27

HIV components

CD4 count (cells/μL) ≥ 500   0

350 to 499   6

200 to 349   6

100 to 199 10

50 to 99 28

< 50 29

HIV-1 RNA (copies/ml) < 500   0

500 to 99,999   7

≥ 1 × 105 14

Organ system components

Haemoglobin (g/dL) ≥ 14   0

12 to 13.9 10

10 to 11.9 22

< 10 38

FIB-4 < 1.45   0

1.45 to 3.25   6

>3.25 25

eGFR (mL/min) ≥ 60   0

45 to 59.9   6

30 to 44.9   8

< 30 26

Hepatitis C virus coInfection   5

ALT, alanine transaminase; AST, aspartate transaminase; FIB-4, fibrosis index: (years of age × AST)/(platelets × square root ALT); eGFR, 
estimated glomerular filtration rate. Contents of this table are derived from www.vacohort.org.
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