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Abstract

OBJECTIVES—This study sought to investigate outcomes of heart failure (HF) in veterans
living with human immunodeficiency virus (HIV).

BACKGROUND—Data on outcomes of HF among people living with human immunodeficiency
virus (PLHIV) are limited.

METHODS—We performed a retrospective cohort study of Veterans Health Affairs data to
investigate outcomes of HF in PLHIV. We identified 5,747 HIV+ veterans with diagnosis of

HF from 2000 to 2018 and 33,497 HIVV- frequency-matched controls were included. Clinical
outcomes included all-cause mortality, HF hospital admission, and all-cause hospital admission.

RESULTS—Compared with HIV- veterans with HF, HIV+ veterans with HF were more likely
to be black (56% vs. 14%), be smokers (52% vs. 29%), use alcohol (32% vs. 13%) or drugs
(37% vs. 8%), and have a higher comorbidity burden (Elixhauser comorbidity index 5.1 vs. 2.6).
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The mean ejection fraction (EF) (45 £ 16%) was comparable between HIV+ and HIV- veterans.
HIV+ veterans with HF had a higher age-, sex-, and race-adjusted 1-year all-cause mortality
(30.7% vs. 20.3%), HF hospital admission (21.2% vs. 18.0%), and all-cause admission (50.2% vs.
38.5%) rates. Among veterans with HIV and HF, those with low CD4 count (<200 cells/ml) and
high HIV viral load (>75 copies/ul) had worse outcomes. The associations remained statistically
significant after adjusting for extensive list of covariates. The incidence of all-cause mortality and
HF admissions was higher among HIV+ veterans with ejection fraction <45%

CONCLUSIONS—HIV+ veterans with HF had higher risk of hospitalization and mortality
compared with their HIV- counterparts, with worse outcomes reported for individuals with lower
CD4 count, higher viral load, and lower ejection fraction.
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Human immunodeficiency virus (HIV) infection is an important disease domestically

and globally, affecting 1.1 million people in the United States and 36 million in the

world (1). The success of antiretroviral therapy (ART) has converted HIV infection into

a chronic illness (2). With this, cardiovascular (CV) disease, including HIVV-associated
cardiac dysfunction and heart failure (HF), have become important causes of morbidity and
mortality in people living with HIV (PLHIV) (3-5). An epidemiological study based on
Veterans Health Affairs (VHA) data showed that HIV infection is associated with increased
risk of HF among US veterans independent of CV risk factors and incident myocardial
infarction (3). Recently, we undertook a meta-analysis of extant observational studies of
HIV-associated cardiac dysfunction. We found that PLHIV have a substantial burden of
cardiac dysfunction and HF (6), with combined prevalence of 12.3% (95% confidence
interval [CI]: 6.4% to 19.7%) for left ventricular systolic dysfunction, 11.7% (95% ClI:
8.5% to 15.3%) for advanced diastolic dysfunction, and 6.5% (95% ClI: 4.4% to 9.6%) for
prevalent HF (6).

HIV-associated cardiac dysfunction in the pre-ART era was mainly associated with
uncontrolled viremia and opportunistic infections, and had a grave prognosis, with an
average life expectancy of few months reported in some studies, for individuals presenting
with dilated cardiomyopathy (7-10). Limited observations suggest that with the advent

of ART, HIV-associated cardiac dysfunction is presenting with a less fulminant course,
whereas diastolic dysfunction is becoming more common (7,11). However, even in the
post-ART era, small-scale observational studies have shown that PLHIV have worse

HF outcomes compared with individuals without HIV (12,13). Several factors including
differences in comorbidity burden, CV risk factor control, HIVV-related factors, and type of
ART used may potentially contribute to the observed disparities (12,14,15). For instance,

a recent observational study involving 2,038 patients (including 374 HIV+ individuals)
admitted to a tertiary medical center with decompensated HF found that HI\VV+ patients
with low CD4 count or detectable viral load had higher 30-day readmission and CV
mortality compared with patients without HIV. Understanding the prognosis, predictors and
potential mediators of HF outcomes in PLHIV has relevance to designing secondary HF
prevention strategies in this population. However, data on patient characteristic, prognosis,
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and predictors of outcomes of HF in PLHIV are limited (16,17). To help fill this gap, we
undertook a large-scale analysis of characteristics and clinical outcomes of patients with
HIV and HF, using national linkage data from the VHA.

DATA SOURCE AND STUDY DESIGN.

This is a retrospective cohort study of HIV—infected veterans with HF (cases) and a
frequency-matched subset of HIVV—veterans with HF (controls). Patients with HF who
received care through the VHA from 1999 through 2018 were identified using the Veterans
Administration (VA) Informatics and Computing Infrastructure. HF was defined by the
presence of at least 1 inpatient or 2 outpatient International Classification of Diseases
(ICD)-9 or ICD-10 codes for HF (Supplemental Table 1). Accordingly, 1.4 million veterans
with HF were identified in the VHA database for the specified period. Among these
veterans, those with HIV infection were identified using relevant ICD-9 (042, VV08) and
ICD-10 (B20, Z21) codes for asymptomatic or symptomatic HIV infection and AIDS, an
approach that has already been previously validated (3,18). Controls were selected from the
HIV- veterans with HF, matched to the HIV+ HF cases by VA medical center, index date
of HF, and inpatient versus outpatient status of the index HF. To maximize the study power,
6 controls were selected for every case. HIV+ status was recorded before the index HF

date for 85% of the cases. For an additional 5% of cases, such documentation was present
within 2 years of the index HF date. The study has received appropriate approvals from the
Providence VA Medical Center institutional review board.

COVARIATES.

Data on relevant covariates obtained from the VHA electronic medical record system
include information on demographic variables (e.g., age, sex, race), biophysical variables
(e.g., blood pressure, weight, height), behavioral factors (smoking, alcohol abuse, illicit
drug use), and laboratory variables (e.g., brain natriuretic peptide, hemoglobin, serum
creatinine). Smoking was dichotomized as current or never/former smoker. Body mass index
(BMI) was calculated as weight in kilograms divided by height in meters squared. For
laboratory variables that were measured repeatedly, we took the value that was recorded
closest to the date of the index HF. Echocardiographic parameters (i.e., ejection fraction and
pulmonary artery systolic pressure) were obtained with an automated information extraction
application using natural language processing algorithms validated for the VHA (19). For
echocardiographic variables, we took the value that was recorded closest to the first HF
diagnosis, between 1 year before and 1 year after the index date. Treatment with HF
medications (i.e., angiotensin-converting enzyme inhibitors/angiotensin receptor blocker,
beta-blocker, and mineralocorticoid receptor antagonist) was assessed within 1-year time
frame (6 months before and 6 months after) index date of HF. HIV—specific variables
including information on antiretroviral therapy, viral load, and CD4 T-cell count were
obtained for the HIVV+ veterans. We took the value that was recorded closest to the first

HF diagnosis, between 1 year before and 1 year after the index date. CD4 count was
dichotomized into <200 versus =200 cells/ul. Viral load was dichotomized as undetectable
(or <75 copies/ml) versus detectable (=75 copies/ml). Antiretroviral therapy was defined as
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being on 1 or more antiretroviral medication within 2 years (1 year before and 1 year after)
of congestive HF index date. Presence of comorbidity was defined by the presence of at least
1 inpatient or outpatient ICD-9 or ICD-10 code for the respective diagnoses recorded before
the index date of HF. The burden of comorbidity was assessed using Elixhauser comorbidity
index (20). Specific comorbid conditions of interest included hypertension, diabetes, renal
failure, myocardial infarction, anemia, drug abuse, alcohol abuse, and depression.

OUTCOMES.

Because HF has high short-term admission and mortality rates, we studied 1-year clinical
outcomes. The primary outcomes of interest were: 1) 1-year all-cause mortality; 2) 1-year
all-cause admission rate; and 3) 1-year HF admission rate after index HF date. Mortality
data were obtained from the Beneficiary Identification Records Locator Subsystem National
Death Index, VA vital status file, the Social Security Administration death master file, and
the VHA Medical Statistical Analysis Systems inpatient datasets.

STATISTICAL ANALYSES.

The primary comparison was between HIV+ and HIV- veterans. Because inpatient and
outpatient HF could represent different aspect and spectrum of the disease, we performed
analyses overall as well as stratified by inpatient and outpatient status. Continuous variables
are presented as mean and standard deviation or median and interquartile range, as
appropriate. Categorical variables are presented as number and proportion. We calculated
standard differences (STD) to enable comparison between HIV+ and HIVV- veterans with
HF; an STD <0.2 is considered small difference, and an STD >0.5 is considered moderate
difference. The p values were calculated using Student’s £test and chi-square tests as
appropriate. We compared the incidence of the clinical outcomes by HIV status overall,

and within the following categories: 1) by inpatient versus outpatient status of the index

HF; 2) by ejection fraction (<45% vs. 245%); and 3) for the HIVV+ veterans by categories

of CD4 count (<200 vs. 2200 cells/pl) and viral load (<75 copies/pl vs. 275 copies/ml).
Event-free survivor curves for the outcomes were depicted using Kaplan-Meier survivor
plots, adjusted for age, sex, and race. Cox regression models were used to estimate relative
risks, adjusting for clustering effect of the VHA medical centers. Hazard ratios (HRs) and
95% Cls were calculated. We performed a progressive adjustment for covariates that may
explain the association. We constructed 6 models by dividing the covariate list into 5 groups:
1) basic model: age, sex, and race; 2) selected comorbidity: diabetes, hypertension, and renal
failure; 3) biophysical and biochemical factors: systolic blood pressure, BMI, and serum
glucose and creatinine concentration; 4) common behavioral CV risk factors: history of
smoking and alcohol abuse; 5) additional psychosocial risk factors: drug abuse, depression,
and homelessness; and 6) complete list of 29 Elixhauser comorbidities. The regression
models were constructed by progressively adding the groups of covariates 1 to 6 to the basic
model. Missing values for covariates were imputed using multiple imputation algorithms
assuming these values are missing at random. The number of participants with missing data
for each of the covariates studied along with summary statistics is presented in Supplemental
Table 2.
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The assumptions of the proportional hazards were tested using Schoenfeld residuals.
Subsidiary analyses were performed in 4,915 HIV+ veterans and 4,915 propensity-matched
HIV- controls; matching on age, sex, race, and index date of HF; VA medical center;

and an extensive least of covariates (please refer to Supplemental Table 3 for baseline
characteristics of propensity matched-cohort demonstrating successful matching). Analyses
were performed using SAS 9.4 (SAS Institute Inc., Cary, North Carolina). A 2-sided p value
<0.05 was considered statistically significant.

BASELINE CHARACTERISTICS.

The study involved data on 5,747 HIV+ veterans with HF (including 2006 inpatient HF
cases) and 33,497 HIV- veterans with HF (including 10,987 inpatient HF controls). The
baseline characteristics of study participants are detailed in Table 1. The mean age of
veterans with HIV was 58 * 10 years; the corresponding value for the frequency-matched
HIV- cohort was 71 + 12 years. One-third of the participants had inpatient index HF event,
whereas the remaining two-thirds had an outpatient index HF event.

Veterans with HIV and HF were more likely to be black (56% vs. 14%), have lower BMI
(27 kg/m? vs. 30 kg/m?2), have higher creatinine (1.9 mg/dl vs. 1.5 mg/dl), have liver failure
(29% vs. 6%), smoke (52% vs. 29%), abuse alcohol (32% vs. 13%), abuse illicit drugs (37%
vs. 8%), or be depressed (41% vs. 23%). Overall, HI\VV+ veterans had higher comorbidity
burden compared with HIV- veterans (Elixhauser comorbidity index 5.1 vs. 2.6). HIV+
veterans tended to have lower prevalence of hypertension, diabetes, myocardial infarction,
and peripheral vascular disease, but the magnitude was smaller. The mean ejection fraction
(EF) was comparable between HIV+ and HIVV- veterans (EF 45 + 16%). The use of

HF medications (i.e., angiotensin-converting enzyme inhibitor/angiotensin receptor blocker,
beta-blocker, and mineralocorticoid receptor antagonist) was comparable between HIV+ and
HIV- veterans (Table 1). There was a similar pattern of differences between HIV+ and
HIV- veterans for inpatient HF cases (data not shown). The prevalence of EF <40%, EF
40% to 49%, and EF =50% were 29%, 15% and 37%, respectively, for HIV+ veterans.

The corresponding values for HIV- veterans were 25%, 14%, and 33%, respectively. EF
data were more likely to be missing for HIVV— veterans compared with HIV+ veterans (29%
vs. 20%). The prevalence of veterans with a CD4 count <200 cells/ul and viral load 275
copies/ml was 21% and 31%, respectively. A total of 79% HIV+ veterans were receiving
ART.

INCIDENCE OF CLINICAL OUTCOMES.

Kaplan-Meier plots for all-cause mortality, all-cause readmissions, and HF readmissions are
shown in Figure 1. HIV+ veterans with HF, compared with HIVV- veterans with HF, had
higher 1-year adjusted all-cause mortality (30.7% vs. 20.3%), all-cause hospital admission
(50.2% vs. 38.5%), and HF hospital admission (21.2% vs. 18.0%) (Supplemental Table
4A). The incidence of outcomes was higher but followed similar pattern for veterans with
inpatient index HF (Supplemental Table 4B).
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RELATIVE RISK OF CLINICAL OUTCOMES.

Compared with HIV— HF patients, those with HIV had age-, sex-, and race-adjusted

HRs (95% Cls) of 1.63 (1.52 to 1.75), 1.43 (1.36 to 1.49), and 1.20 (1.12 to 1.28)

for 1-year all-cause mortality, all-cause hospital admissions, and HF hospital admissions,
respectively (Table 2). These associations were attenuated but remained statistically
significant in stepwise Cox regression models adjusting for extensive list of covariates,
with corresponding HR (95% CI) of 1.17 (1.08 to 1.26), 1.19 (1.14 to 1.25), and 1.13

(1.06 to 1.22), respectively. For all-cause mortality the major attenuation in association
was with adjustment in Model 3 (i.e., adjusting for diabetes, hypertension, BMI, and renal
failure), and with adjustment in Model 6 (adjusting for Elixhauser comorbidities) (Table
2). For hospital admissions, the major attenuation was with adjustment in Model 6. Similar
patterns of association were observed when restricting analyses to inpatient HF cases (Table
2). The hazard ratios of 365-day mortality, all-cause readmission, and HF admission were
comparable in subsidiary analyses of propensity matched cohort involving 4,915 HIV+
veterans and 4,915 HIV- veterans (Supplemental Table 5).

HIV MARKERS AND CLINICAL OUTCOMES.

Among patient with HIV, those with low CD4 count and increased HIV viral load had worse
clinical outcomes (Figure 2). Veterans with CD4 count <200 cells/ul had age-, sex-, and
race-adjusted hazard ratio of 2.36 (95% CI: 2.04 to 2.74) for all-cause mortality compared
with veterans with CD4 count of 2200 cells/ul (Table 3). The association was only mildly
attenuated with adjustment for an extensive list of covariates. Veterans with HIV and a viral
load of =75 copies/ml had an age-, sex-, and race-adjusted HR of 1.33 (95% ClI: 1.14 to
1.54) for all-cause mortality compared with those with a viral load of <75 copies/ml. The
association did not change with adjustment in the full model. There were similar patterns but
weaker associations between CD4 count or viral load and all-cause or HF-specific hospital
admission outcomes (Table 3). Individuals with missing data on CD4 count or viral load had
the worst clinical outcomes.

CARDIAC FUNCTION AND CLINICAL OUTCOMES.

The association of EF with the 3 clinical outcomes was variable (Table 4). In a multivariable
adjusted Cox model, HIV+ veterans with EF >45% had significantly lower 1-year HF
admission (HR: 0.48; 95% CI: 0.43 to 0.54), but not all-cause readmission (HR: 0.96;

95% CI: 0.88 to 1.04), compared with those with EF <45%. The corresponding association
with all-cause mortality was weaker than that with HF admissions but was statistically
significant (HR: 0.84; 95% CI: 0.73 to 0.97). Restricting the analyses to inpatient index

HF cases only yielded comparable results for HF readmission, whereas the association was
not statistically significant for all-cause mortality (Table 4). Subsidiary analyses based on
propensity-matched cohort yielded comparable results (Supplemental Table 6). The findings
were also consistent when we analyzed data on HIVV- veterans with HF (Supplemental Table
7.
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DISCUSSION

Although epidemiological studies have shown that HIVV+ veterans have significantly higher
risk of HF compared with HIV- veterans, data on prognosis of HF and associated factors
in PLHIV are limited. We performed a retrospective cohort study of VHA data involving
more than 5,700 HIV+ veterans with HF and 33,500 HIVV- veteran controls with HF, we
found that HIV status is associated with significantly worse clinical outcomes including
all-cause mortality, all-cause hospital admission, and HF hospital admission at 1-year
follow-up (Central Illustration). The association was similar when analyses were restricted
to inpatient index HF cases. We also found that, among those with HIV, low CD4 count and
unsuppressed viral load were independently associated with poor outcomes. HIV+ veterans
with preserved EF had lower incidence of HF readmissions and all-cause mortality.

Although few prior small-scale observational studies have suggested that HIV is associated
with poor HF outcomes (12,13,21), this study provided a large comprehensive data on

the topic allowing more precise and detailed characterization. Prior reports did not make
adjustment for covariates (12,13,21), whereas 1 study (22) that adjusted for confounding
using propensity matching only looked at rehospitalization outcome. In this study, we were
able to take into account an extensive list of covariates to explore the relationship between
HIV status and multiple HF outcomes. Our findings demonstrate that HIV patients with HF
have worse prognosis even in the ART era, highlighting the importance of exploring primary
and secondary preventive strategies. The present study adds novel data to the findings from
a prior smaller study (23) reporting that PLHIV hospitalized with HF have increased risk
of sudden cardiac death and another study (24) reporting that elevated concentrations of
biomarkers of myocardial strain and fibrosis predict CV mortality among PLHIV. (Table 5
provides summary of innovation of study.)

Despite differences in population characteristics of HIV+ and HIV- veterans with HF, the
association between HIV status and clinical outcomes remained statistically significant after
adjusting for extensive list of covariates. We made adjustment for covariates in stepwise
models to explore factors that may be mediating and/or confounding the association. For
all-cause mortality, the major portion of the attenuation in the association was noted when
adjusting for 2 groups of covariates: 1) blood pressure, BMI, and serum glucose and
creatinine; and 2) Elixhauser comorbidities. This suggests the potential role of traditional
CV risk factors and comorbidity in accounting for poor HF outcomes that is observed

in PLHIV. Some of these factors including blood pressure and blood glucose levels may
be studied as potential targets for improving clinical outcomes in this population. HIV+
veterans were more likely to be ethnic minority, and were by far more likely to smoke, use
drugs or alcohol, or have depression or psychoses, highlighting the importance of social
factors in affecting the prognosis of HF in this population.

On analyses restricted to veterans with HIV and HF, lower CD4 count <200 cells/ul had
1.8-fold higher adjusted risk of 1-year all-cause mortality compared with CD4 count =200
cells/ul. Similarly, individuals with elevated HIV viral load (=75 copies/ml) had higher
adjusted risk of all-cause mortality compared with those with suppressed viral load (<75
copies/ml), although the HR was lower (~1.4). Similar patterns but weaker associations were
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observed for the other outcomes. These findings are consistent with the recent report of
lower CD4 count and higher viral load being associated with poor HF outcomes in HIV (12).
Also, a prior report on veterans without history of HF or baseline cardiovascular disease
(CVD) showed that lower CD4 count and higher viral load were associated with increased
risk of incident HF (3). Epidemiological studies have also reported that immunosuppression
and HIV viremia are associated with other adverse CVVD outcomes such as myocardial
infarction (17,25). It has been hypothesized that these observed associations may reflect

the abnormal immune activation and persistent inflammation observed in uncontrolled

HIV infection and/or direct adverse effect of HIV viremia or opportunistic infections

on cardiomyocytes in people who do not receive adequate ART (12,17,26-28). Another
explanation that may at least partially account for the observe association is that higher

CD4 count and lower viral load may reflect the confounding effect of engagement with HIV
care and good medical compliance, which are inherently protective factors. Consistent with
this, we found that individuals with missing data on CD4 or viral load (which may suggest
poor engagement with HIV care) had worse clinical outcomes. Although we attempted to
adjust for factors that may be related with engagement with care such as homelessness and
substance abuse, these may not fully capture its effects leading to residual confounding.
However, that the association was only mildly attenuated and remained strong in fully
adjusted models suggests that immune status and viral load are independently linked to these
adverse HF outcomes.

With regard to cardiac function, we found that HIVV+ veterans with preserved EF (EF 245%)
had 50% lower incidence of HF readmissions compared with those with reduced EF (EF
<45%). These findings were consistent in adjusted models, in analyses restricted to inpatient
index HF cases, or in subsidiary analyses using propensity-matched sample. There was
similar association in analyses of HIVV— veterans. Whether the risk of mortality in HIV-
individuals with HF with persevered EF versus those with HF with reduced EF (HFREF)

is different is controversial. A recent study of international multiethnic cohort of patients
with HF showed that individuals with HF with persevered EF had lower mortality compared
with those with HFREF (29). Our study extends these findings to HIV+ individuals with

HF. Although it may be postulated that these findings are in part the result of ischemic

heart disease being more prevalent in patients with HFREF, that the HRs were adjusted for
extensive list of covariates including CVD-related comorbidity, such as diabetes, myocardial
infarction, and peripheral vascular disease, makes it less likely. Previous studies have not
reported on the association of cardiac function with HF outcomes in PLHIV.

STUDY LIMITATIONS.

First, this was retrospective observational study; therefore, causal inference is limited by
residual confounding. The concern of residual confounding maybe less for the associations
between CD4 count and HIV viral load with HF outcomes as the estimates were minimally
changed with extensive adjustment. On the other hand, the association of HIV status with
HF outcomes was attenuated materially with adjustment in multivariate models, raising the
concern for residual confounding and whether the observed association represents a causal
relationship. However, that the association remained highly statistically significant after
extensive adjustment is reassuring. Some of the covariates adjusted for such as depression
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and renal function may also act as mediators, in which case the models may be partially
overadjusted. Nevertheless, understanding the outcomes of HF in patients with HIV, and
identifying factors that are related to them (e.g., substance abuse, depression) is still useful
in identifying strategies to improving the outcomes in this population. Second, the study was
based on record linkage and ICD code of exposure and outcome from electronic medical
records as opposed to direct patient inquiry, which can limit the accuracy of the data.
However, prior studies and reports have shown the validity of VHA electronic medical
record data for using this approach (3,18,30). Furthermore, any misclassification arising
from such error may be presumed to be random and hence would be less likely to cause

a systematic bias. Third, because the VHA is a national integrated health care system
providing care for veterans only, which are approximately 98% male, the generalizability
of these data to other populations may not extend to the female population. However, prior
smaller scale studies in non-VHA population have not found major discrepancies (12,13).
There are also plausible biological and epidemiological mechanisms for the observed
associations. Fourth, we did not take into account medical therapy of HF, which is relevant
for patients with HF with reduced LVEF. Future analyses taking into account dosage

of medications, duration of treatment, and medication adherence in those with HF with
reduced LVEF will be useful, as we did find HI\VV+ veterans with HFREF had worse clinical
outcomes compared with those with preserved EF. Finally, differences in the age structures
of the underlying populations of those with and without HIV in the VA Healthcare System
likely contribute significantly to the observed differences in baseline age of index HF
between veterans with and without HIV. On average those without HIV were significantly
older in the present study.

CONCLUSIONS

In a retrospective cohort study of large record-linkage data from the VHA, we found that
HIV+ veterans with HF had significantly worse clinical outcomes compared with their HIV-
counterparts after adjusting for multiple factors. Further investigations are needed to identify
strategies to improve HF outcomes among veterans with HIV.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The statements and opinions expressed are those of the authors and do not represent the official policy or
procedures of the United States Government or the Department of Veterans Affairs. Dr. Erqou is supported by
funding from Rhode Island Foundation and Center for AIDS Research at Brown University. Drs. Erqou, Choudhary,
Lally, Zullo, Rudolph, and Wu are employees of the Veterans Health Administration. Drs. Rudolph and Wu are
funded by the VA Health Services Research and Development Center of Innovation in Long Term Services and
Supports (CIN 13-4193). Dr. Bloomfield is supported by R0O1IMDO013493. All other authors have reported that they
have no relationships relevant to the contents of this paper to disclose.

ABBREVIATIONS AND ACRONYMS

ART antiretroviral therapy

JACC Heart Fail. Author manuscript; available in PMC 2022 April 20.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Erqou etal. Page 10
BMI body mass index
Cl confidence interval
Ccv cardiovascular
CvD cardiovascular disease
EF ejection fraction
HF heart failure
HFREF heart failure with reduced ejection fraction
HIV human immunodeficiency virus
HR hazard ratio
ICD International Classification of Diseases
PLHIV people living with human immunodeficiency virus
STD standard differences
VA Veterans Affairs
VHA Veterans Health Administration
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PERSPECTIVES
COMPETENCY IN MEDICAL KNOWLEDGE:

In a study using national VA data, we found hospitalizations and deaths from HF are
higher among veterans with HIV compared with those without HIV. Veterans with HIV
and HF had higher burden of CV risk factors and comorbidity. However, the association
persisted even after controlling for these factors. These findings should help to raise
awareness of clinicians to the impact of HIV status on the prognosis of HF, and prompt
a rigorous evaluation and intervention to counteract this increased risk, such as early
institution of goal-directed medical therapy and aggressive modification of risk factors.

TRANSLATIONAL OUTLOOK:

Future studies should investigate further the reasons for disparities in HF outcomes by
HIV status to help identify potential targets for interventions. For instance, additional
analyses into the use of goal-directed medical therapy, taking into account dosage of
medications, duration of treatment, and medication adherence, may help to elucidate
some of the reasons. In addition, extensive characterization of patients with HIV-
associated HF, including genetic, proteomic, and metabolic studies, can form the basis for
translational research uncovering biological mechanisms impacting HF outcomes in HIV.
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FIGURE 1. Kaplan-Meier Survival Curves of Veterans With HF by HIV Status
(A) All-cause mortality, (B) all-cause readmission, and (C) HF readmission. Kaplan-Meier

pots were adjusted for age, sex, race. p < 0.05 for comparisons in A to C. HF = heart failure;
HIV = human immunodeficiency virus.
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FIGURE 2. Kaplan-Meier Survivor Curves of Veterans With HF and HIV by Vir
CD4 Count for All-Cause Mortality and All-Cause Readmission Outcomes

al Load and

Kaplan-Meier plots were adjusted for age, sex, race. p < 0.05 for comparisons in A to D.
Event-free survival curves for all-cause mortality by (A) HIV viral load and (B) CD4 count,
and for all-cause readmissions by (C) HIV viral load and (D) CD4 count. Abbreviations as

in Figure 1.
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TABLE 2

Association of HIV Status With 1-Year Clinical Outcomes

Adjustment

HR (95% CI) HIV+ vs. HIV- Veterans With HF

365-Day Mortality

365-Day All-Cause Readmission

365-Day HF Readmission

All index HF cases

Model 1
Model 2
Model 3
Model 4
Model 5
Model 6

1.63 (1.52-1.75)
1.59 (1.49-1.72)
1.38 (1.28-1.48)
1.32 (1.23-1.42)
1.32 (1.23-1.42)
1.17 (1.08-1.26)

Inpatient index HF cases only*

Model 1
Model 2
Model 3
Model 4
Model 5
Model 6

1.54 (1.40-1.71)
151 (1.36-1.67)
1.33 (1.20-1.48)
1.32 (1.19-1.47)
1.36 (1.22-1.51)
1.26 (1.13-1.40)

1.43 (1.36-1.49)
1.42 (1.36-1.49)
1.39 (1.33-1.46)
1.33 (1.27-1.39)
1.27 (1.21-1.34)
1.19 (1.14-1.25)

1.24 (1.16-1.34)
1.26 (1.17-1.35)
1.25 (1.16-1.34)
1.23 (1.14-1.32)
1.16 (1.08-1.25)
1.11 (1.03-1.20)

1.20 (1.12-1.28)
1.21 (1.13-1.29)
1.21 (1.13-1.29)
1.17 (1.10-1.25)
1.15 (1.08-1.23)
1.13 (1.06-1.22)

1.17 (1.07-1.29)
1.20 (1.08-1.32)
1.21 (1.10-1.34)
1.20 (1.08-1.32)
1.16 (1.04-,1.28)
1.13 (1.02-1.26)

Page 18

*
Model 1: age, sex, race; Model 2: model 1 + diabetes, hypertension, renal failure; Model 3: Model 2 + BMI, SBP, glucose, creatinine; Model

4: Model 3 + smoking and alcohol abuse; Model 5: Model 4 + drug abuse, depression, and homelessness; Model 6: Model 5 + Elixhauser

comorbidity.

HIV = human immunodeficiency virus; SBP = systolic blood pressure; other abbreviations as in Table 1.
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TABLE 3
HR of Clinical Outcomes for People With HIV and HF by CD4 Count or by HIV Viral Load

HR (95% CI)

N CD4 Count <200 vs. =200 Cells/ul (n = Viral Load =75 vs. <75 Copies/ml (n =
Adjustment 4,683) 4,593)
365-day mortality Model 1 2.36 (2.04-2.74) 1.33 (1.14-1.54)
Full model 1.83 (1.57-2.13) 1.37 (1.18-1.61)
365-day all-cause readmission  Model 1 1.24 (1.13-1.36) 1.09 (1.00-1.19)
Full model 1.17 (1.06-1.29) 1.14 (1.04-1.25)
365-day HF readmission Model 1 1.19 (1.04-1.36) 1.14 (1.07-1.29)
Full model 1.16 (1.01-1.33) 1.15 (1.01-1.31)

*
Model 1: age, sex, race adjusted; Full model: adjusted for: age, sex, race, SBP, HTN history, BMI, total cholesterol, HDL-cholesterol, prior
smoking, prior alcohol abuse, prior drug use, DM, CKD, MI, serum creatinine, depression, homeless, Elixhauser comorbidity index adjusted.

CI = confidence interval; CKD = chronic kidney disease; DM = diabetes mellitus; HF = heart failure; HR = hazard ratio; HTN = hypertension; Ml
= myocardial infarction; other abbreviations as in Tables 1 and 2.
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HR of Clinical Outcomes for HIVV+ Veterans With HF, by EF (=45% vs. <45%)

Outcome

Adjustment

TABLE 4

HR (95% CI) EF 245% vs. <45%

All index HF cases
365-day mortality

Model 1
Full Model

365-day all-cause readmission ~ Model 1

365-day HF readmission

Full Model
Model 1
Full Model

Inpatient index HF cases only*

365-day mortality

Model 1
Full Model

365-day all-cause readmission ~ Model 1

365-day HF readmission

Full Model
Model 1
Full Model

0.91 (0.80-1.05)
0.84 (0.73-0.97)
1.04 (0.96-1.13)
0.96 (0.88-1.04)
0.52 (0.46-0.58)
0.48 (0.43-0.54)

0.88 (0.73-1.07)
0.86 (0.70-1.05)
1.14 (1.01-1.30)
1.08 (0.94-1.23)
0.66 (0.55-0.78)
0.62 (0.52-0.74)

*
Model 1: age, sex, race adjusted; Full Model: adjusted for: adjusted for: age, sex, race, SBP, HTN history, BMI, total cholesterol, HDL-

Page 20

cholesterol, prior smoking, prior alcohol abuse, prior drug use, DM, CKD, MI, serum creatinine, depression, homeless, Elixhauser comorbidity

index adjusted.

EF = ejection fraction; other abbreviations as in Tables 1 to 3.
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