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HIV and Cardiovascular Disease: From Insights

to Interventions

Matthew J. Feinstein, MD, MSc

Individuals with HIV have elevated risks for cardiovascular diseases (CVDs)
ranging from myocardial infarction to heart failure. Our understanding of this
heightened HlV-associated cardiovascular risk has evolved over the past 2 de-
cades. In the early era of antiretroviral therapy (ART), concern existed that
ART was the primary driver of cardiovascular risk. However, it has become
increasingly apparent that HIV-related viremia, immune dysregulation, and
inflammation are primary drivers of HIV-associated cardiovascular risk, along
with traditional cardiovascular risk factors such as tobacco smoking. Indeed,
early and effective ART blunts risk for CVDs among individuals with HIV. De-
spite these improvements in HIV-associated cardiovascular risk, questions re-
main regarding how to optimally predict, prevent, and treat CVDs among
individuals with HIV. Efforts are underway to define more precisely which
diagnostic and therapeutic strategies will be most effective in curbing HIV-

associated CVDs.
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Individuals with HIV have higher risks
for cardiovascular diseases (CVDs),
including myocardial infarction (MI),
heart failure, and pulmonary hyperten-
sion, than individuals without HIV.!"®
As life expectancy has increased for
individuals with HIV as a result of ef-
fective antiretroviral therapy (ART), the
burden of diseases of aging, including
CVDs, has increased among individu-
als with HIV.®®

There are several reasons for el-
evated CVD risk among people with
HIV that reflect the diverse pathophys-
iologies of CVDs. Diseases of the vas-
culature, such as MI, occur as a result
of a combination of atherosclerosis
and thrombosis. Meanwhile, heart fail-
ure reflects a final common pathway of
different and often overlapping patho-
physiologies, ranging from the sequelae
of MI to the toxic effects of drugs on
the myocardium. Our understanding of
HIV-associated CVD risks has improved
greatly over the past decade and a
half due to seminal epidemiologic and
mechanistic studies.

Epidemiology of HIV-Associated
Cardiovascular Diseases

Studies in large cohorts comparing
individuals with HIV with individuals
without HIV have demonstrated ap-
proximately 50% higher risk for MI
among individuals with HIV>%1% This
elevated risk remained after account-
ing for demographic and clinical con-
founding variables. Likewise, studies
investigating heart failure have dem-
onstrated 50% or higher increased
risk among individuals with HIV than
among individuals without HIV, even
after adjustment for key confound-
ing variables®* Studies also suggest a
mildly increased risk for stroke among
individuals with HIV'" and a dramati-
cally increased risk for pulmonary hy-
pertension.'?

In the early ART era, prolonged ex-
posure to ART was hypothesized as
a primary contributor to HIV-associ-
ated CVD risks. Indeed, there is some
variability in the putative effects of
individual antiretroviral drugs on CVD

outcomes, including a potential mod-
est effect of abacavir on increasing
MI risk.">!* Nevertheless, more recent
data suggest that the effects of ART
on CVD are relatively small,'® particu-
larly compared with the problematic
effects of uncontrolled HIV. Several
studies from large cohorts indicate
that HIV viremia and lower CD4+ cell
counts are strongly associated with MI
and heart failure risk."* Taken together,
along with clinical data suggesting that
immediate (vs deferred) ART protects
against MI,'®'7 these data tilt the bal-
ance in favor of a net-cardioprotective
effect of immediate and continuous
ART.! Of course, immediate and con-
tinuous ART remains the cornerstone
of HIV therapy. Therefore, from both
a CVD prevention standpoint and an
overall HIV care standpoint, it is clear
that early and continuous ART is essen-
tial to optimizing health outcomes for
individuals with HIV.

In addition to poor HIV control (ie,
with HIV viremia) and immunologic pro-
gression (marked by decreasing CD4+
cell count), there are other factors that
may increase risk of CVD among in
dividuals with HIV. Metabolic abnor-
malities, including atherogenic dyslip-
idemia and body composition changes,
are common among individuals with
HIV. In the current era, increases in dys-
functional subcutaneous fat and visceral
fat have been observed among people
with HIV; these changes, in turn, are as-
sociated with atherosclerotic plaque.'®
Coinfection with hepatitis C virus or
cytomegalovirus (CMV) reactivation
may also contribute to HIV-associated
CVD risk. Individuals with HIV smoke
at a significantly higher rate than unin-
fected individuals; the MI attributable
to smoking is considerably higher for
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individuals infected with
HIV than those without.'?
Finally, hypertension and
high alcohol use may also
contribute disproportion-
ately to HIV-associated
CVD risk.!

Mediators of
Atherosclerosis and
Thrombosis in HIV

Atherosclerosis and throm-
bosis play central roles in
the development of vascu-
lar diseases and their clin-
ical manifestations, includ-
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In this setting, investigators in several
studies have observed increased levels
of systemic and vascular inflammation,
as well as increased platelet activation
or aggregation, in individuals with HIV.
A common finding across studies of
individuals with HIV, as well as monkey
models of HIV pathogenesis, is the cen-
trality of inflammation and immune
activation to HIV-related CVD risk. In-
dividuals infected with HIV have height-
ened levels of systemic inflammation
and more subclinical atherosclerosis
than uninfected individuals." These in-
clude elevated levels of soluble CD163
and CD14, as well as common CVD-as-
sociated inflammatory markers such as
interleukin-6, which are in turn associ-
ated with atherosclerosis and mortality.
Treatment with ART reduces the levels
of several of these markers, but some
remain elevated despite ART. Likewise,
individuals with HIV have elevated lev-
els of coagulation markers and tissue
factor-expressing inflammatory mono-
cytes, creating a functionally proco-
agulant state that has been associated
with clinical thrombosis in HIV2°

Mechanisms and Presentation of
HIV-Associated Heart Failure

Causes and presentations of heart fail-
ure are heterogeneous in the general
population and for individuals with
HIV. In the pre-ART era, heart failure
was a recognized complication of ad-
vanced HIV and marked by viremia
and progressive immune compromise,
along with global myocardial dysfunc-
tion and often inflammation. With
widespread uptake of ART, the causes
and manifestations of heart failure in
individuals with HIV have likewise ex-
panded (Figure 1).

Individuals with persistent HIV vi-
remia, immune progression, and op-
portunistic infections may still experi-
ence HIV-associated cardiomyopathy
marked by severe systolic dysfunction
in the absence of obstructive coronary
artery disease. Furthermore, viremia
and immune progression still play a role
in less overt cardiomyopathy and heart
failure, as each are associated with dia-
stolic dysfunction among individuals
with HIV. Yet, with the increasing bur-
den of coronary artery disease and MI
among individuals with HIV, ischemic
etiologies of heart failure, driven by
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Figure 1. Conceptual model of the proposed mechanisms of heart failure in HIV. Adapted from Feinstein et al.!

post-MI myocardial scarring and po-
tential microvascular dysfunction, have
become increasingly common. Toxic
etiologies of myocardial dysfunction
and heart failure also play an outsized
role in HIV-related heart failure given
the higher rates of myocardial-toxic
drug use (eg, methamphetamines)
among individuals with HIV.

More subtle manifestations of heart
failure in the absence of systolic dys-
function also occur in HIV, as individuals
with HIV have higher risks for heart
failure with preserved ejection fraction
than individuals without HIV. This is
likely due to a combination of factors,
including but not limited to myocardial
inflammation, fibrosis, microvascular is-
chemia, and myopericardial fat deposi-
tion. Indeed, several studies using car-
diac magnetic resonance imaging, com-
puted tomography, and positron emis-
sion tomography have demonstrated
that individuals with HIV have more
myocardial inflammation, fibrosis, and
steatosis than matched control indi-
viduals without HIV! These subclinical
changes in cardiac tissues are known
to be associated with myocardial injury
and dysfunction.
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[ Individuals with HIV Who are Treated and Virally Suppressed ]
A

Y
e Age =21 years with clinical ASCVD (prior MI, angina, stroke, or CVD equivalent such as peripheral arterial disease)?

e Age =21 years LDL-C =190 mg/dL (untreated)? or
e Age 40-75 years with diabetes?

NO YES

Benefits/risks of lipid- <« No— Age40-75 /
lowering therapy uncertain years?

\4

Assess ASCVD Risk

Using ACC/AHA ASCVD Risk Estimator or alternative (such as D:A:D or framingham
CVD Risk Estimation Model)

\4

HIV-Related CVD Risk-Enhancing Factors?

® Hepatitis C virus coinfection

Any of the following:
* History of prolonged HIV viremia or delay in ART initiation
® Low current or nadir CD4+ count (<350 cells/uL)
® HIV treatment failure or nonadherence
* Metabolic syndrome, lipodystrophy/lipoatrophy, fatty liver disease

/“0

}’,gs

~.

Risk may not be greater
than calculated ASCVD risk

Contemporary studies suggest
that people with promptly
treated HIV without sustained vire-
mia or immunosuppression
may not have significantly

Risk may be greater than
calculated ASCVD risk

Consider adjusting risk upward.
Studies generally demonstrate 1.5
to 2-fold greater risk for ASCVD in

persons with HIV, particularly if there
is a history of prolonged viremia,

delayed ART initiation, and/or
low CD4+ cell count

elevated ASCVD risk

High-Risk Approach
Consider referral to cardiologist; patient-
clinician discussion about benefit versus risk;
patient preference

Lifestyle Optimization
(Particularly smoking cessation)

Lipid-Lowering Drug Therapy
Atorvastatin 10-80 mg*
Rosuvastatin 5-40 mg*
Pitavastatin 2-4 mg

Statin Dosing: Start Low, Go Slow
Decrease dose or discontinue if severe myalgia
or unexplained muscle weakness, LFTs >3 times
the upper limit of normal, or CK >10 times the

upper limit of normal

*Exercise caution due to drug interac-
tions at high end of dose range, consider
if very high risk or known CAD. If familial

hypercholesterolemia. Severe statin intoler-
ance, or insufficient response to statin as
determined by clinician: consider ezetimibe
with or without PCSK9 inhibitor on an
individual basis.

High Risk for ASCVD?
Determination of high risk may be based on any of the following:

10-year ASCVD risk =7.5% (including potential upward adjustment
of estimate if HIV-related CVD risk enhancing factors are present)

If using alternative models, high-intermediate or greater risk:
D:A:D: 5-year CVD risk 23.5%
Framingham: 10-year CVD risk 210%
or

Selected general ASCVD risk guidelines*
® Family history of early Ml or stroke (men <55 years, women < 65 years)
® Persistently elevated LDL-C =160 mg/dL (=4.1 mmol/L)
® Chronic kidney disease, pre-eclampsia, premature menopause
® Subclinical atherosclerosis (arterial plague; CAC >0; ABI <0.9)
® In selected individuals (if measured): Lp(a) >50 mg/dL (>125 mmol/L):

hs-CRP =2.0 mg/L; apoB =130 mg/dL

*adapted from 2018 ACC/AHA Guidelines??

YES

NO

/'
\

Low-to-Moderate—Risk Approach

Lifestyle Optimization
(Particularly smoking cessation)
and
Yearly Reassessment of Risk
Consider high-risk approach if patient/clinician

discussion determines potential benefit exceeds
risk and patient prefers high-risk approach

Figure 2. A pragmatic approach to atherosclerotic CVD risk stratification, prevention, and therapy for individuals with HIV. Adapted from
Feinstein et al'and 2018 ACC/AHA guioleliﬂes.22 Abbreviations: ABI, ankle brachial index; ACC, American College of Cardiology; AHA,
American Heart Association; apoB, apolipoprotein B-100; ASCVD, atherosclerotic cardiovascular disease; CAC, coronary artery calcium; CK,
creatine kinase; CVD, cardiovascular disease; D:A:D, Data collection on Adverse events of anti-HIV Drugs; hs-CRP, high-sensitivity C-reactive
protein; LDL-C, low-density lipoprotein cholesterol; LFT, liver function test; Lp(a), lipoprotein (a); Ml, myocardial infarction; PCSK9, proprotein
convertase subtilisin/kexin type 9.
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Cardiovascular Disease Risk
Stratification, Prevention, and
Therapy for Individuals with HIV

Epidemiologic and mechanistic stud-
ies have advanced our knowledge of
the scope and causes of CVDs in indi-
viduals with HIV. However, there are
relatively sparse data to practically
guide cardiovascular risk stratification,
prevention, and treatment for individu-
als with HIV who are effectively treated
with ART. Despite the limitations of
these data and absent large-scale trial
data for CVD prevention and treatment
during effective ART, there are certain
consistent findings on HIV-associated
CVD risk that may help inform practi-
cal approaches..

The clinical data on CVD-preventive
stratagies among individuals with HIV
are relevant in this regard. Over the
past 2 decades, numerous small stud-
ies have evaluated the effects of statin
use on various subclinical markers of
inflammation and atherosclerosis for
individuals with HIV.?"?? Results of
these studies on arterial inflammation
have not been consistent, although
statins do appear to reduce select in-
flammatory markers and, as expected,
reduce atherogenic lipid levels (eg, low
density lipoprotein cholesterol) in in-
dividuals with HIV. Questions related
to the efficacy of statins in preventing
hard atherosclerotic coronary artery
disease endpoints in individuals with
HIV will be answered with more clarity
by the REPRIEVE (Randomized Trial to
Prevent Vascular Events in HIV) study.
REPRIEVE randomly assigned individ-
uals with HIV at low to moderate risk
for atherosclerotic CVD to pitavastatin
or placebo. Enrollment of more than
7500 individuals with HIV is complete
and follow-up is ongoing.

Compared with statins, even less
clarity exists regarding other potential
CVD preventive stratagies for individu-
als with HIV. Ongoing studies (not yet
powered for clinical endpoints) are
evaluating the role of proprotein con-
vertase subtilisin/kexin type 9 (PCSK9)
inhibitors for individuals with HIV.
More data are likewise needed related
to antithrombotic therapy among in-
dividuals with HIV, who have elevated
risks for thrombosis. Mechanistic and
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biomarker studies suggest that aspirin
may not be as effective an antiplate-
let agent for individuals with HIV than
for uninfected individuals, but further
study and clinical correlations related to
aspirin and other antithrombotic thera-
pies in HIV are needed.

Other anti-inflammatory therapies
for individuals with HIV are also of
interest. These include therapies that
target the gut to reduce microbial tran-
location and gut inflammation, which
have not consistently affected biomark-
ers of inflammation among individuals
with HIV. Other therapies tested include
canakinumab, an interleukin-1-beta
antagonist that reduced inflammatory
markers and reduced arterial and bone
marrow inflammation in a small study
of individuals with HIV, and methotrex-
ate, which did not affect inflammatory
markers but modestly reduced CD8+
T-cell counts in individuals with HIV.
The efficacy and ultimate clinical appli-
cability of these options remain under
investigation.

In the absence of large-scale clini-
cal trial data powered for hard CVD
endpoints, interim guidance related
to CVD risk stratification, prevention,
and treatment for individuals with HIV
is based on extrapolation of clinical
and mechanistic data. Regarding risk
stratification, several studies indicate
that traditional CVD risk estimation
tools consistently underestimate CVD
risk among individuals with HIV. This
heightened risk is largely attributable
to HIV-related CVD risk-enhancing fac-
tors such as prolonged HIV viremia, low
current or nadir CD4+ cell count, coin-
fection (eg, with hepatitis C virus), and
the presence of lipid distribution ab-
normalities. However, for those who
are treated promptly and who do not
experience these HIV-related risk en-
hancers, HIV-related increases in CVD
risk are modest. Accordingly, the Amer-
ican Heart Association’s scientific state-
ment on HIV-1 recommended adjusting
predicted CVD risk upwards by 1.5-fold
to 2-fold for individuals with HIV who
have HIV-related risk enhancers (Fig-
ure 2). In the absence of compelling
data otherwise, risk-based approaches
to CVD-preventive therapy for individu-
als with HIV is recommended, with the
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understanding that as CVD risk in-
creases, the absolute and net benefit
of statin therapy for CVD prevention
likewise increases.

Conclusion

As life expectancy among individuals
with HIV has increased, noncommu-
nicable conditions such as CVDs have
become more common for individuals
aging with HIV. Several HIV-related fac-
tors increase CVD risk, with chronic
inflammation and immune dysregula-
tion playing a key role. Limited large-
scale clinical trial data exist to guide
HIV-specific CVD prevention and ther-
apy, highlighting the importance of fur-
ther clinical and mechanistic study in
this area. e

This article was based, in part, on a web-
cast presented by Dr Matthew J. Feinstein in
June 2021: https://youtu.be/_CaWrGD9r2U.
This article was prepared by Dr Feinstein in
July 2021.
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