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ORIGINAL RESEARCH

HIV-Associated Heart Failure: Phenotypes
and Clinical Outcomes in a Safety-Net
Setting

Matthew S. Durstenfeld 2, MD, MAS;* Anjali Thakkar 2, MD, MBA;* Diane Jeon, MD, MS; Robert Short, MD;
Yifei Ma, MS; Zian H. Tseng @, MD, MAS; Priscilla Y. Hsue @, MD

BACKGROUND: HIV is associated with increased risk of heart failure (HF) but data regarding phenotypes of HF and outcomes
after HF diagnosis, especially within the safety net where half of people with HIV in the United States receive care, are less
clear.

METHODS AND RESULTS: Using an electronic health record cohort of all individuals with HF within a municipal safety-net system
from 2001 to 2019 linked to the National Death Index Plus, we compared HF phenotypes, all-cause mortality, HF hospitaliza-
tion, and cause of death for individuals with and without HIV. Among people with HF (n=14 829), 697 individuals had HIV (4.7%).
People with HIV were diagnosed with HF 10years younger on average. A higher proportion of people with HIV had a reduced
ejection fraction at diagnosis (37.9% versus 32.7%). Adjusted for age, sex, and risk factors, coronary artery disease on angiog-
raphy was similar by HIV status. HIV was associated with 55% higher risk of all-cause mortality (hazard ratio [HR], 1.55 [95%
Cl, 1.37-1.76]; P<0.001) and lower odds of HF hospitalization (odds ratio [OR], 0.51 [95% ClI, 0.39-0.66]; £<0.001). Among
people with HIV with HF, cause of death was less often attributed to cardiovascular disease (22.5% versus 54.6% uninfected;
P<0.001) and more to substance use (17.9% versus 9.3%; P<0.001), consistent with autopsy findings in a subset (h=81).

CONCLUSIONS: Among people with HF who receive care within a municipal safety-net system, HIV infection is associated with
higher mortality, despite lower odds of HF hospitalization, attributable to noncardiovascular causes including substance-
related and HIV-related mortality.

Key Words: clinical outcomes m heart failure m HIV ® mortality

heart failure (HF), even in the absence of coro-

nary artery disease, with the highest risk among
those with higher viral load and lower CD4 counts.'-
The prevalence of clinical HF among people with HIV
(PWH) is estimated to be 6.5%, with higher rates of
subclinical left ventricular systolic and diastolic dys-
function.* Prior studies within tertiary referral centers
and the Veterans Affairs system found that PWH with

H IV infection is associated with increased risk of

HF have higher risk of HF hospitalization and mortality
compared with people with HF without HIV.>~ In con-
trast, among people with incident HF within the Kaiser
Permanente integrated care system, HIV was associ-
ated with all-cause mortality but not HF hospitaliza-
tions or emergency department visits.2 Over half of
PWH in the United States receive benefits through the
Ryan White HIV/AIDS Program, the federal safety-net
program for PWH. Outcomes reported within tertiary
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CLINICAL PERSPECTIVE
What Is New?

People with HIV develop heart failure 10years
earlier than people without HIV, with a higher
proportion with reduced ejection fraction at
diagnosis.

e HIV is associated with higher mortality among
people with heart failure, primarily due to non-
cardiovascular causes including AIDS and sub-
stance use.

What Are the Clinical Implications?

* The reasons for higher mortality in people with
HIV with heart failure are not yet fully understood;
higher levels of myocardial fibrosis may predis-
pose people with substance use and advanced
HIV disease to increased risk of mortality.

Nonstandard Abbreviations and Acronyms

HFrEF heart failure with reduced ejection
fraction
PWH people with HIV

referral centers or integrated care systems may not
generalize to the majority of PWH in the United States.
Therefore, we sought to describe HF phenotypes,
treatment, and outcomes after HF diagnosis among
PWH compared with people with HF without HIV
within a safety-net system with particular attention to
mortality, HF hospitalization, and cause of death.

METHODS

Data Availability

Deidentified data that support the findings of this study
are available from the corresponding author upon rea-
sonable request.

Study Design and Population

This study was an electronic health record (EHR)-
based cohort study of all individuals with HF who re-
ceived care within the San Francisco Health Network,
the public, municipal safety-net health system of San
Francisco, California from April 2001 to July 2019.

Exposure

The primary exposure was infection with HIV before
diagnosis with HF. HF was manually adjudicated by re-
view of a random subset of EHR records and found to
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be 97% specific for possible HF and 94% specific for
definite HF. We initially classified people with HIV using
International Classification of Diseases, Ninth Revision
or Tenth Revision (ICD-9 or ICD-10) codes alone, but
by manual adjudication the specificity was only 60%;
40% were false positives without HIV. To increase
specificity, we further classified only those with an ICD
code for HIV and at least 1 CD4 count or viral load re-
sult as HIV+, which increased the manually adjudicated
specificity to 99.8% while maintaining 100% sensitivity
among adjudicated charts (O false negatives among 45
adjudicated with HIV ICD codes and neither CD4 nor
viral load).

Outcomes
The primary outcome was all-cause mortality. To as-
certain mortality, we matched individuals with the
National Death Index and Social Security Death Index
using names, dates of birth, and social security num-
bers. For individuals matched and alive, we censored
them at the last search date (December 31, 2019). For
unmatched individuals, we used the last EHR con-
tact date and recorded vital status. Among known
deaths, we linked records with the POST SCD Study
(Postmortem Systematic Investigation of Sudden
Cardiac Death), an ongoing prospective postmor-
tem study of presumed (World Health Organization-
defined) sudden cardiac deaths in San Francisco.%'0
Our secondary goals were to characterize HF phe-
notypes by HIV status including echocardiographic
findings (left ventricular systolic function, pulmonary ar-
tery systolic pressure or pulmonary hypertension, and
valvular disease) and angiography results (obstructive
coronary artery disease defined as >80% stenosis in
a major epicardial vessel or >50% left main stenosis).

Covariates

Medical history was obtained from /CD codes avail-
able at the time of HF diagnosis with a 1-year lookback
period. Ambulatory medications were obtained from
hospital admission and discharge medication recon-
ciliation and thus were not available for those who were
not hospitalized. Echocardiographic and cardiac cath-
eterization results were obtained through structured
text extraction from clinical reports with manual adju-
dication and correction of discrepancies. The primary
underlying cause of death was extracted from death
certificate data and classified based on ICD codes.

Statistical Analysis

We described differences by HIV status using chi-
square tests for categorical variables (and Fisher’s
exact test for autopsy data given limited numbers), t
tests for normally distributed continuous variables, and
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Wilcoxon rank sum tests for nonnormally distributed
continuous variables. We used Cox proportional haz-
ards models to estimate adjusted hazard ratios (HRs)
for mortality with censoring for loss of follow-up. We
used directed-acyclic graphs and expert knowledge
to decide potential measured confounders (namely,
those potentially associated with risk of HIV and with
HF outcomes), such that we included age by sex in-
teraction terms, race or ethnicity, and substance use
(alcohol, tobacco, cocaine, methamphetamine, opi-
oids) in adjusted models. We assessed for the pro-
portional hazards assumption using tests and plots
of the scaled Schoenfeld residuals and addressed
initial violations of the proportional hazards assump-
tions by using an age-by-sex interaction term. Due to
minor remaining concerns for the substance use vari-
ables, we conducted a stratified analysis by tobacco
and methamphetamine use that resolved the propor-
tional hazards concerns but did not change the results
substantially. We assessed the goodness of fit of the
final model by plotting the Nelson-Aalen cumulative
hazard function and the Cox—Snell residuals. Although
more likely to be mediators than confounders, given
differences in past medical history by HIV status we
conducted sensitivity analyses including hypertension,
diabetes, chronic kidney disease, chronic obstructive
pulmonary disease, liver disease, and cancer. We con-
ducted additional sensitivity analyses considering HIV
variables (CD4 count, viral load), hepatitis C coinfec-
tion, and secular trends (pre and post 2011). For binary
outcomes such as the proportion revascularized, use
of HF medical therapy, or cause of death analyses, we
used logistic regression models using the same ap-
proach as for the Cox models including age, sex, and
other likely confounders (substance use or comorbid
conditions, for example). To estimate adjusted relative
risks and risk differences for 1-year mortality, we used
logistic regression models and postestimation using
the Stata “adjrr” command. For ordered discrete out-
comes (coronary angiography findings, which range
from no coronary artery disease to 3-vessel obstruc-
tive disease), we used ordinal logistic regression and
assessed for the proportional odds assumption.

Approval

The University of California San Francisco Institutional
Review Board approved this study and granted a
waiver of consent. Results are reported in accordance
with the Strengthening the Reporting of Observational
Studies in Epidemiology guidelines.

RESULTS

Among those with HF (n=14829), 906 (6.1%) individu-
als had an ICD code for HIV and 697 (4.7%) had HIV
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by ICD code and at least 1 CD4 count or viral load
measured. Median follow up was 3.5years after diag-
nosis with HF (interquartile range 0.9-8.3). On average,
PWH were 10years younger at diagnosis. Compared
with people without HIV with HF, a higher proportion of
PWH were male and had documented substance use
(Table 1, P<0.001 for each). Among PWH, the median
nadir CD4 count was 133 (interquartile range 44-275),
and CD4 count at HF diagnosis was 356 (interquartile
range 173-566).

Echocardiographic Findings

Among those with HF, 593 PWH (85%) and 10579
without HIV (75%) completed at least 1 transthoracic
echocardiogram linked to their EHR record (Table 2).
Using a left ventricular ejection fraction (LVEF) cutoff of
40% (or moderately reduced if LVEF was missing) on
the first echocardiogram after diagnosis, 225 (37.9%)
of PWH had HF with reduced ejection fraction (HFrEF)
compared with 2465 (32.7%) without HIV (P=0.009).
The proportion with severely reduced LVEF did not dif-
fer significantly by HIV status: 23.0% with HIV versus
20.7% without HIV (P=0.59 for ordinal comparison).
Mean LVEF and pulmonary artery systolic pressure at
diagnosis were similar between groups (P=0.13 and
P=0.77, respectively). A higher proportion with HIV
had severe mitral regurgitation (10.5% with HIV versus
6.8% without; P=0.01), but other valvular disease in-
cluding endocarditis did not vary by HIV status.

Ischemic Versus Nonischemic
Cardiomyopathy

By HIV status, a similar proportion had prior myocar-
dial infarction documented (12.1% PWH versus 14.7%
without HIV, P=0.06). Likewise, a similar proportion
without prior revascularization completed coronary an-
giography: 140 (20%) with HIV and 2714 (19%) without
HIV. Angiographic severity of coronary artery disease
did not vary by HIV status (P=0.17, Table 1). Adjusted
for age, sex, race or ethnicity, comorbidities, and sub-
stance use, there remained no difference in angiogra-
phy results (proportional odds ratio [pOR], 0.97 [95%
Cl, 0.70-1.34]; P=0.87). HIV was not associated with
differences in the proportion revascularized (10.2 ver-
sus 9.9%; OR, 1.12 [95% CI, 0.86-1.46]; P=0.39) or re-
vascularization strategy (coronary artery bypass graft
surgery versus percutaneous coronary intervention;
P=0.66).

HF Admission, Medical Therapy,
and Device Therapy Among Those
Hospitalized for Heart Failure

A lower proportion of PWH were hospitalized for HF
compared with people without HIV (7.7% versus
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Table 1. Study Population by HIV Status

HIV and HF Phenotypes and Outcomes

HIV (n=697) No HIV (n=14132) P value

Age, y 52.8 (45.6, 59.1) 62.8 (63.4-75.1) <0.001
Female sex 137 (19.7%) 5718 (40.9%) <0.001
Race or ethnicity <0.001

White 259 (37.2%) 3748 (26.5%)

Black 310 (44.5%) 3820 (27.0%)

Asian 23 (3.3%) 3153 (22.3%)

American Indian/Alaskan Native 10 (1.4%) 148 (1.0%)

Native Hawaiian/Pacific Islander 0 (0.0%) 47 (0.3%)

Hispanic/Latino 81 (11.6%) 2727 (19.3%)

Other/decline to state 14 (2.0%) 489 (3.5%)
Documented unstable housing 50 (7.2%) 611 (4.3%) <0.001
Past medical history

Hypertension 503 (72.2%) 11413 (80.8%) <0.001

Diabetes 43 (6.2%) 1204 (8.5%) 0.03

Myocardial infarction 84 (12.1%) 2072 (14.7%) 0.06

Chronic kidney disease 118 (16.9%) 2085 (14.8%) 0.1

Chronic obstructive pulmonary disease 18 (2.6%) 106 (0.8%) <0.001

Hepatitis C virus 370 (53.1%) 1686 (11.9%) <0.001

Hepatitis B virus 90 (12.9%) 420 (3.0%) <0.001
Documented substance use

Alcohol 270 (38.7%) 2897 (20.5%) <0.001

Tobacco 452 (64.8%) 5651 (40.0%) <0.001

Opioid 235 (33.7%) 1351 (9.6%) <0.001

Cocaine 265 (38.0%) 1826 (12.9%) <0.001

Methamphetamine 285 (40.9%) 1477 (10.5%) <0.001
Heart failure guideline-directed medical therapy*

Beta blocker 20 (54.1%) 371 (40.1%) 0.09

Angiotensin-converting enzyme inhibitor or angiotensin receptor 19 (561.4%) 382 (41.3%) 0.22

blocker

Mineralocorticoid receptor antagonist 10 (27.0%) 171 (18.5%) 0.19
Angiography resultst

No coronary artery disease 40 (28.6%) 564 (20.8%) 0.17

Nonobstructive disease 44 (31.4%) 912 (33.6%)

Single vessel disease 22 (15.7%) 454 (16.7%)

Multivessel disease 34 (24.3%) 784 (28.9%)

*Heart failure guideline-directed medical therapy was assessed at the time of index hospital discharge only and includes those with a heart failure
hospitalization and heart failure with reduced ejection fraction (left ventricular ejection fraction <40%): Denominators are 37 people with HIV and 925 people

without HIV.

TAngiography results are from the first coronary angiogram available and include n=140 people with HIV and n=2714 people without HIV without prior
revascularization. Multivessel disease was defined as left main stenosis reported as >50% or 2 or more major epicardial vessels with >80% stenosis.

11.3%, P=0.001). HIV was associated with lower ad-
justed odds of HF hospitalization (OR, 0.51 [95% ClI,
0.39-0.66]; P<0.001). HIV was not associated with
all-cause readmission (OR, 0.96 [95% CI, 0.55-1.67];
P=0.89) and there was a trend toward lower odds of
HF-specific readmission (OR, 0.56 [95% ClI, 0.31-1.01];
P=0.06). Among those with HFrEF who were hospital-
ized, HIV was associated with higher prescription of
HF guideline-directed medical therapy defined as at
least 1 of the following: angiotensin-converting enzyme

J Am Heart Assoc. 2024;13:e036467. DOI: 10.1161/JAHA.124.036467

inhibitor, angiotensin receptor blocker, beta blocker,
or mineralocorticoid receptor antagonist (53% versus
39%; OR, 213 [95% ClI, 1.08-4.21]; P=0.03). HIV was
associated with similar rates of statin prescription that
were not statistically significant after adjustment (35%
versus 27%; OR, 1.77 [95% CI, 0.91-3.44]; P=0.09).
PWH were also more likely to have outpatient follow-
up within 30days of HF discharge (80% versus 65%,
P=0.001). Only 5 PWH had defibrillators implanted:
1 implantable cardioverter-defibrillator and 1 cardiac
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Table 2. Echocardiographic Findings Among Those Who Completed an Echocardiogram

Finding HIV (n=593) No HIV (n=10579) P value
Echocardiogram within 30d of diagnosis 313 (562.8%) 5968 (56.4%) 0.08
Echocardiogram within 6mo of diagnosis 373 (62.9%) 7099 (67.1%) 0.08
HFrEF* 225 (37.9%) 3459 (32.7%) 0.008
First EF after HF diagnosis, % 45.7 (156.7), [n=320] 44.4 (15.6), [n=5652] 013
LV inner diameter at end diastole, cm 5.1 (0.9 5.0 (1.0 0.20
Quialitative LV function

Hyperdynamic 11 (2.2%) 156 (1.7%) 0.59

Normal 214 (42.7%) 4010 (44.2%)

Borderline 22 (4.4%) 439 (4.8%)

Mildly reduced 47 (9.4%) 842 (9.3%)

Mild to moderately reduced 17 (3.4%) 320 (3.5%)

Moderately reduced 50 (10.0%) 779 (8.6%)

Moderate to severely reduced 23 (4.6%) 603 (6.6%)

Severely reduced 115 (23.0%) 1879 (20.7%)

Not reported 2 (0.4%) 46 (0.5%)
Regional wall motion abnormalities 71 (31.1%) 1023 (34.3%) 0.33
Pulmonary hypertension

Severe pulmonary hypertension 7 (2.2%) 176 (2.9%) 0.46

Pulmonary artery systolic pressure, mm Hg, mean+SD 371 (16.8), [n=192] 36.9 (16.4), [n=3794] 0.85
Valve disease!

Severe mitral regurgitation 33 (10.5%) 406 (6.8%) 0.01

Severe tricuspid regurgitation 35 (11.2%) 509 (8.5%) 0.10

Endocarditis 5(0.7%) 54 (0.4%) 017

EF indicates ejection fraction; HFrEF, heart failure with reduced ejection fraction; and LV, left Ventricular.
*HFrEF defined as LVEF<40% (n=5872) or for those missing LVEF (n=5300), qualitative LV function at least moderately reduced.
TFewer than 1% in each group had severe aortic stenosis, severe aortic regurgitation, and severe mitral stenosis with no differences by group so we did not

include them in the table.

resynchronization therapy-defibrillator for primary pre-
vention and 1 implantable cardioverter-defibrillator and
1 cardiac resynchronization therapy-defibrillator for
secondary prevention of resuscitated sudden cardiac
arrest.

Mortality

In total, 41% died before the end of follow-up time in-
cluding 354 (50.8%) with HIV and 5784 (40.9%) without
HIV (P<0.001). HIV was associated with higher age-, sex-,
and substance use-adjusted risk of all-cause mortality
(HR, 1.55 [95% ClI, 1.37-1.76]; P<0.0001; Figure 1). The
median survival after HF diagnosis was 6.1 years (95%
Cl, 5.4—71years) among PWH compared with a median
survival of 11.3years (95% CI, 10.7-11.7) years among
people without HIV. The higher risk remained elevated
among PWH accounting for past medical history (HR,
1.37 [95% CI, 1.22-1.54]; P<0.001). Results were simi-
lar for 1-year mortality with adjusted relative risk ratios
of 1.72 (95% ClI, 1.50-1.97) adjusted for age, sex, and
substance use and 1.47 (95% ClI, 1.28-1.70) additionally
accounting for past medical history. The absolute risk

difference in 1-year mortality among those with HIV com-
pared with without HIV was 11.0% (95% Cl, 7.5%-14.4%)
and 7.3% (95% ClI, 4.1-10.4) accounting for other past
medical history.

Both lower nadir CD4 and lower CD4 at the time
of HF diagnosis were associated with worse survival
among PWH: HR 1.37 for nadir CD4 count <200 (95%
Cl, 1.08-1.75; P=0.009) and HR 1.69 for current CD4
count<200 (95% ClI, 1.34-2.13; P<0.001), respectively.
Viral load less than 500 copies/mL was not associated
with mortality (HR, 1.02 [95% CI, 0.80-1.31]; P=0.87).
There was not a significant interaction with hepatitis
C coinfection (P, action=0-53). Restricting the PWH to
only those virally suppressed (<75 copies per milliliter,
n=76) compared with people without HIV yielded sim-
ilar adjusted hazard for mortality (HR, 1.52 [95% ClI,
1.27-1.83]; P<0.001).

In an exploratory analysis to consider secular trends,
we divided the study into 2001 to 2010 and 2011 to
2019. Among those diagnosed with HF more recently,
HIV was associated with a smaller increase in mortal-
ity relative to people without HIV (HR, 1.24 [95% ClI,
1.02-1.51]; P=0.03) compared with before 2011 (HR,

J Am Heart Assoc. 2024;13:e036467. DOI: 10.1161/JAHA.124.036467 5
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Age- and Sex-Adjusted Mortality by HIV
1.00
. Adjusted HR 1.55 (95%Cl 1.37-1.76; p<0.001)

0.751
2
<
é 0.50
(]
5— -
o

0.251

0-00_ e e e

0 5 10 15 20
Years of Follow Up
————— No HIV HIV
Figure 1. Kaplan-Meier and adjusted survival plots by HIV.

Age- and sex-adjusted survival curves for people with and without HIV from index time of heart
failure diagnosis up to 15years of follow-up (main figure) and from 0 to 12 months (inset). Survival
curves separate about 3months after HF diagnosis (inset), with an adjusted hazard ratio of 1.55
(95% Cl, 1.37-1.76; P<0.0001). HF indicates heart failure; and HR hazard ratio.

1.75 [95% Cl, 1.52-2.01]; P<0.001, Py eraction=0-004).
Similarly, in analyses stratified by documented opioid,
cocaine, and methamphetamine use, HIV was associ-
ated with a similarly increased risk among those with-
out documented fllicit substance use (HR, 1.64 [95%
Cl, 1.35-2.00]; P<0.001) and with documented illicit
substance use (HR, 1.61 [95% ClI, 1.40-1.86]; P<0.001).

By death certificate data (h=3650, 262 PWH), there
were notable differences by HIV status (Figure 2).
Among PWH, 36% had the primary underlying cause
of death classified as HIV/AIDS related, 19% as car-
diovascular, and 16% as due to accident/injury (in-
cluding overdose). Among those without HIV, 46% of
deaths were attributed to cardiovascular causes, 11%
to neoplasms and blood disorders, and only 8% to
accidents, injuries, and overdoses. PWH had twice
the odds of cause of death attribution to overdose or
substance use (OR, 2.1 [95% ClI, 1.53-3.00]; P<0.001),
but not after accounting for age, sex, and documented
history of substance use (OR, 0.96 [95% CI, 0.67-
1.37]; P=0.82). In contrast, HIV was associated with
lower odds of having cardiovascular disease as the
primary recorded cause of death (even though all had
HF) with an adjusted OR of 0.32 ([95% ClI, 0.23-0.43];
P<0.001) accounting for age, sex, substance use, and
comorbidities.

Autopsy data were available for 81 individuals
(14 PWH), who died between 2011 and 2019 in San

J Am Heart Assoc. 2024;13:e036467. DOI: 10.1161/JAHA.124.036467

Francisco County, 51 of whom were adjudicated as
part of the POST SCD Study. Of PWH, 4 met the World
Health Organization definition for presumed sudden
cardiac death, which excludes those with obvious ex-
ternal cause of death such as trauma or drug parapher-
nalia at the scene,'’ compared with 38 of those without
HIV (P=0.08). PWH had a trend toward fewer adjudi-
cated arrhythmic causes (3 versus 28, P=0.23), and
more noncardiac causes (11 versus 34; £=0.08), includ-
ing occult overdose with toxicology evidence without
evidence of drug use at the scene (9 versus 17; P=0.12).

DISCUSSION

In this 18-year study of people with HF within a mu-
nicipal safety-net system, PWH had greater all-cause
mortality despite lower odds of hospitalization for HF,
more often due to noncardiovascular causes including
substance use and overdose. PWH developed HF a
mean 10years younger than people without HIV, with
higher rates of documented substance use, which
contributes to the higher substance-related mortality
we observed. HFrEF was more commonly diagnosed
in PWH, but echocardiographic and angiographic find-
ings were similar compared with cases without HIV.
Although the mortality gap has narrowed over time,
PWH with HF remain at elevated risk compared with
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People without HIV with HF

People with HIV and HF

HIV/AIDS

Neoplasms & Blood Diseases

Mental, Behavioral, Neurodevelop
Cardiovascular Diseases

Gastrointestinal Diseases

Renal and Genitorurinary Disease
Other/Unknown

Non-HIV Infectious Diseases

Endocrine, Nutritional, Metaboli

Nervous System Diseases
Respiratory Diseases

Rheumatologic and MSK

Accident, Injury Overdose

Figure 2. Primary underlying cause of death among people with heart failure as recorded on death certificates by HIV

status.

Primary underlying cause of death as reported on death certificates classified by International Classification of Diseases (ICD) codes
by HIV status. Liver disease is classified under gastrointestinal diseases. HF indicates heart failure; and MSK, musculoskeletal.

people with HF without HIV. These findings have impli-
cations for targeted strategies to reduce higher mortal-
ity in HF for PWH.

Similar Associations With Mortality as
Compared With Prior Studies

Several prior studies have examined the association
of HIV with HF outcomes in very different patient pop-
ulations. A study of US veterans from 1999 to 2018
that included 5747 PWH and 33497 controls found
higher mortality and hospitalizations among PWH, but
the main limitation is that they included 98% men.?’
They also found that PWH develop HFrEF at younger
ages.? Because the VA study focused on men, an-
other study included ambulatory women within the
Partners HealthCare System (now Massachusetts
General Brigham) with a primary outcome of incident
HF hospitalization.® Another study included patients
hospitalized with acute decompensated HF at Bronx-
Lebanon Hospital Center in New York in 2011 with

J Am Heart Assoc. 2024;13:e036467. DOI: 10.1161/JAHA.124.036467

primary outcomes of 30-day readmissions and mor-
tality. These studies within tertiary referral centers
both found that HIV is associated with HF hospitaliza-
tion, in contrast to our findings. Our findings are most
consistent with a study within the Kaiser integrated
care system, where HIV was associated with mortal-
ity but not HF hospitalizations or emergency depart-
ment visits.® Our study extends these findings to the
safety-net where many PWH in the United States re-
ceive care.

Our study sheds light on a possible explanation
for higher mortality among PWH with HF. From 2000
to 2009, presumed sudden cardiac death (SCD)
accounted for 86% of cardiac deaths among PWH
in San Francisco, and antecedent HF was strongly
associated with SCD.” Among these individuals,
lower LVEF and diastolic dysfunction were both as-
sociated with increased risk of SCD."® In California
from 2005 to 2015, PWH had 2.5-fold higher risk of
out-of-hospital cardiac arrest.'* One group estimated
that the risk of SCD was 10% per year among PWH
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without indications for primary prevention implant-
able cardioverter-defibrillators.’® We found very low
use of defibrillators, much lower than would be ex-
pected for the proportion with severely reduced LVEF.
A population-based autopsy study in San Francisco
found that PWH were at 2.25 times higher risk of
World Health Organization-defined SCD, mostly at-
tributable to higher rates of occult overdose, with
1.87 times higher incidence of arrhythmic death and
interstitial myocardial fibrosis on histology.'® Our find-
ing that the primary cause of death is most often at-
tributed to HIV/AIDS suggests that many deaths are
noncardiac even among those with HF. Our findings
that HIV is associated with higher risk of substance-
related death are confirmed in the autopsy subset and
are likely attributable to higher rates of substance use
among PWH'" as the association was attenuated ac-
counting for documented substance use. Rising rates
of substance-associated cardiovascular death across
the United States suggest that this growing problem
extends to the general population without HIV.'®

One potential explanation for lower rates of HF hos-
pitalization specific to the study population may be that
PWH may be better connected to ambulatory care
within the municipal health system in San Francisco
compared with people without HIV, as demonstrated
by the higher rates of ambulatory follow-up after HF
hospitalization. This may be in part due to the estab-
lished HIV Cardiology Clinic that is embedded within
the main HIV primary care clinic at San Francisco
General Hospital. Second, among those hospital-
ized with HFrEF, PWH had higher prescription rates
for guideline-directed medical therapy compared
with people without HIV. Although not conclusive, our
study suggests that access to cardiology care does
not fully address the increased mortality risk among
PWH with HF.

How can we mitigate the increased risk of mor-
tality among PWH with HF? Prevention of myocardial
infarction with statins may decrease atherosclerosis
and ultimately reduce incident HF among PWH. Earlier
detection of Stage B HF (asymptomatic structural
heart disease) among PWH could allow for initiation
of disease-modifying medical therapy. Biomarkers
could identify those at elevated risk.'®?° The MIRACLE
HIV trial (Mineralocorticoid Receptor Antagonism for
Cardiovascular Health in HIV) randomized 40 PWH
without known heart disease (Stage A: asymptomatic
with risk factors) 1:1 to eplerenone and placebo for
12months and found that it prevented worsening of
myocardial perfusion and function.?! Animal models
suggest that immune therapy targeting inflammation
may prevent cardiomyopathy,?? although this has not
been tested in humans. Most important, however,
may be providing high-quality HIV and primary care
to PWH even among those with HF, with particular
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attention to substance use treatment and overdose
prevention.

Limitations

The major limitation of this observational EHR-based
study is the risk of residual confounding, which lim-
its causal interpretation—PWH may differ from those
without HIV in ways that affect HF outcomes not cap-
tured in billing codes. Some covariates are notably
imperfect such as unstable housing and substance
use; other socioeconomic variables including income,
education, primary language, immigration status, and
current housing as well as HF functional class were
not measured. Second, we did not have time-updated
covariates, so we used baseline covariates assessed
at the time of HF diagnosis. Ambulatory medication
data were available only for those who were hospital-
ized through medication reconciliation, so we were un-
able to assess use of antiretroviral therapy or titration
of guideline-directed medical therapy. Previous stud-
ies have suggested that /ICD coding has a low speci-
ficity for HF,2® but in our system manual adjudication
demonstrated a high specificity. Emergency depart-
ment and urgent care visits and specialty provider
type for inpatient physicians were not available, limiting
our ability to assess acute care use. Finally, recorded
cause of death is a poor measure of actual cause of
death; to mitigate this concern, we linked decedent re-
cords with the postmortem data available in the POST
SCD Study.

CONCLUSIONS

Among people with HF who receive care within a mu-
nicipal safety-net system, HIV is associated with higher
all-cause mortality but not HF hospitalization. In the
current era of antiretroviral therapy, HF phenotypes be-
tween those with and without HIV are similar, although
PWH develop HF a decade younger and are more
likely to present with HFrEF. As recorded on death
certificates and found on autopsy, noncardiovascular
causes of death including substance-related, and HIV/
AIDS deaths are predominant among PWH. Further
research is needed to identify and test strategies to
mitigate the increased risk of mortality among PWH
with HF including addressing high rates of substance
use and treatment of HIV.
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