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Abstract

Purpose of Review Because of effective combination antiretroviral therapy, people living with HIV (PLWH) are living
longer but developing chronic age-related conditions including cardiovascular disease (CVD), the leading cause of death
globally. This review aims to discuss the epidemiology, mechanisms, and clinical considerations of CVD in PLWH from a

global perspective.

Recent Findings PLWH are at greater risk for CVD at chronologically younger ages than those without HIV. Potential under-
lying mechanisms for CVD in PLWH include systemic inflammation, comorbidities, immune-mediated, or treatment-related
mechanisms. There is also risk factor variation based on geographical location, including non-traditional CVD risk factors.
Summary CVD is prevalent in PLWH and increasing on a global scale. Further understanding the unique epidemiology,
risk factors, and treatment of CVD in this population will improve the care of PLWH.
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Introduction: HIV-related Cardiovascular
Disease as a Global Health Problem

Overview of Impact of HIV Infection
on the Cardiovascular System

An estimated 37.7 million individuals are living with human
immunodeficiency virus (HIV) globally, with the greatest
burden of disease in sub-Saharan Africa [1, 2]. With the
advent of combination antiretroviral therapy (cART), the
profile of people living with HIV (PLWH) is changing and
the world has seen a narrowing in the gap in life expectancy
between those living with and without HIV [2]. Although
the early epidemic was marked by high mortality, PLWH are
now able to live a near normal lifespan [3]. The increasing
effectiveness and lower toxicity of cART contributed to a
global decrease in opportunistic infections and subsequently
a decrease in AIDS-associated morbidity and mortality [4].
Thus, there has been a significant transition in the spectrum
of HIV-related disease from opportunistic AIDS-related
diseases to those related to aging including heart disease,
impaired renal function, and cognitive decline [5].

PLWH are at higher risk for both atherosclerotic CVD
(ASCVD) and heart failure. Compared to people without
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HIV, PLWH have a twofold greater risk of developing
ASCVD [6ee], a twofold greater risk for myocardial infarc-
tion (MI) [7], and a fourfold greater risk of sudden cardiac
death compared with people without HIV [8]. Globally, the
burden of ASCVD in PLWH has tripled over the last two
decades, with the majority in sub-Saharan Africa and the
Asia Pacific region [6ee]. PLWH have accelerated vascu-
lar disease including subclinical coronary artery disease
(CAD) [9] and an approximately 50% increased risk of MI
as compared to uninfected controls [10]. In terms of heart
failure, prior to effective cART, dilated cardiomyopathy
was relatively common in the setting of poor viral suppres-
son. However, in the contemporary treatment era, diastolic
dysfunction has emerged as the predominant pathophysiol-
ogy leading to heart failure with preserved ejection fraction
(HFpEF). Despite improvements in HIV care, questions
still remain regarding how to optimally predict, prevent,
risk stratify, and treat CVD in PLWH. The purpose of this
review is to provide a comprehensive overview of the global
impact, epidemiology, mechanisms, and treatment of HIV-
related CVD.

Epidemiology of HIV and CVD

Currently, in higher-income countries (HIC), up to one-third
of PLWH are 50 years of age or older, in contrast to roughly
10% in low to middle-income countries (LMIC) [11]. An
epidemiologic model based on the AIDS Therapy Evalu-
ation in the Netherlands (ATHENA) cohort estimated that
by the year 2030, 73% of PLWH will be 50 years of age
or older, and 78% of PLWH will have CVD [12]. As HIV-
associated CVD becomes more prevalent and poses a higher
burden on the health care system, it is imperative to under-
stand geographical variations in disease presentation, course
and CVD risk factors.

The phenotype of HIV associated CVD differs between
LMIC and HIC both in terms of ASCVD and heart failure.
Much of the contemporary data focused on ASCVD origi-
nated from studies performed in HICs, and it has been well-
established that PLWH have a twofold increased risk for
myocardial infarction compared to people without HIV [13].
Less is known about the prevalence of ASCVD in LMIC, as
most studies used to estimate incident CVD originated from
Europe, North America, and the Asia Pacific region [6ee].

On a global scale, there are geographical differences in
HIV-associated heart failure phenotypes. In HIC, diastolic
dysfunction is the predominant heart failure phenotype in
PLWH, in the setting of hypertension and advanced age [14].
However, in LMIC, left ventricular systolic dysfunction is rela-
tively more prevalent compared to HIC; however, much of our
current understanding of cardiomyopathy in LMIC stems from
studies performed prior to widespread cART [15].
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Table 1 Prevalence of CVD risk factors in PLWH

USA/Europe Africa Asia—Pacific
Dyslipidemia 23% 24.9-52% 45.8%
Diabetes 12% 15-26%" 5-30%
Hypertension 20-50% 23-34% 30%
Tobacco use 57% 67% 20-60%
Abdominal obesity 51% 23-30% 30-40%

The differences in global CVD epidemiology may be par-
tially attributed to geographical variations in demographics
and CVD risk factors (Table 1). Within sub-Saharan Africa,
PLWH are younger, with a lower prevalence of traditional
CVD risk factors including tobacco smoking and dyslipi-
demia, with the exception of hypertension which has a higher
prevalence compared with PLWH from HIC [16ee]. In con-
trast, PLWH in the Asia—Pacific region have a high prevalence
of all conventional CVD risk factors such as diabetes melli-
tus, hyperlipidemia, tobacco use, and hypertension [17-19].
Understanding differences in risk factor profiles and their
impact on CVD throughout geographical regions is essential
to better inform future treatment strategies, and more studies
are needed, especially in LMIC.

CVD Mechanisms in HIV

The pathophysiology of HIV-associated CVD is multifacto-
rial and incompletely understood (Fig. 1). The purported
mechanisms that may contribute to ASCVD in HIV include
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viral-mediated (e.g., immune activation), metabolic side
effects of cART, and non-viral-mediated effects that may
lead to chronic persistent systemic inflammation.

Viral-mediated Mechanisms of ASCVD

Although there is minimal evidence of ASCVD in PLWH
before the era of cART, the few that were published are
striking. Joshi et al. reported on 3 of 6 children who died
of acquired immune deficiency syndrome (AIDS) and were
found to have infiltration of lymphocytes and mononuclear
cells in vessel walls, a precursor to atherosclerosis [20].
Additionally, other post-mortem analyses revealed major
atherosclerotic plaques in young patients between 23 and
32 years of age who had been living with HIV [21]. These
early reports of premature atherosclerosis in the setting of
HIV/AIDS led to numerous investigations into the pathogen-
esisof of HIV-mediated ASCVD.

There is now strong evidence supporting the patho-
physiology of untreated HIV infection leading to pro
inflammatory effects causing CD4 + T-cell depletion,
increased intestinal permeability, and microbial transloca-
tion [22]. CD4 + T-cell depletion in PLWH is associated
with increased risk of ASCVD events such as acute MI.
Additionally, HIV can directly stimulate the endothelium
causing increased endothelial permeability and subsequent
entrance of leukocytes into vessel walls with resultant vas-
cular inflammation and endothelial dysfunction [23].

In the general population, there is overwhelming evi-
dence that systemic inflammation plays an important role
in the development and progression of ASCVD [24]. Lev-
els of C-reactive protein (CRP), a proinflammatory marker,
increase over time in PLWH, and those who progress to
AIDS have steeper increases in the biomarker [25]. Interleu-
kin (IL)-6, a cytokine-activating stimulation of CRP release
from hepatocytes, is also elevated in PLWH and is a prog-
nostic marker for CVD and all-cause mortality [26]. Several
studies have also reported higher serum levels of proprotein
convertase/kexin type 9 (PCSKD9), a protease involved in
cholesterol trafficking and a mediator of systemic inflamma-
tion, in PLWH compared to controls without HIV [27-29].

While treatment with cART reduces some inflammatory
markers, many markers remain elevated even with undetect-
able HIV RNA levels [30]. There is evidence suggesting that
while cART promotes CD4 + T-cell recovery and decreases
the level of inflammation, there is still low-level persistent
viral replication likely within lymphoid organs. The Strate-
gies for Management of Antiretroviral Therapy or "SMART”
trial compared episodic cART use, based on CD4 + T-cell
counts, with continuous cART and found that groups with
higher inflammatory markers had a higher odds of future
ASCVD [31]. A separate study combining data on over 3700
PLWH from 3 worldwide studies found that baseline levels

of inflammatory markers were associated with higher future
CVD risk [32].

Non-viral-mediated Mechanisms of ASCVD

Alterations in the lipid profile of PLWH are also thought to
play an important role in mediating HIV-associated ASCVD.
In particular, both elevated triglycerides (TG) and reduced
high-density lipoprotein cholesterol (HDL-C) levels are
frequently present in PLWH. Abnormalities of lipid metab-
olism were reported early in the epidemic in people with
advanced AIDS prior to the widespread initiation of cART.
It was noted that patients with AIDS had elevated TG levels
resulting from increased hepatic output of low-density lipo-
protein cholesterol (LDL) and decreased clearance through
cytokine-mediated decrease in lipase activity [33, 34]. Addi-
tionally, greater levels of pro-atherogenic small dense LDL
and lipoprotein(a) (Lp(a)) were found in PLWH [35]. Higher
levels of HIV RNA have been associated with increased ath-
erogenic effect of allele-specific apolipoprotein-a [36]. In
a prospective study of men with HIV, significant declines
in mean serum total cholesterol (TC), HDL-C, and LDL
were observed for several years after contraction of HIV
when compared to pre-seroconversion levels [37]. There is
not a known unifying etiology to explain why HIV infection
causes these changes in lipid profiles; however, alterations in
cholesterol trafficking and inflammation may play roles [38].

ART-related Effects on CVD Risk

The widespread use of cART revolutionized the care of
PLWH, dramatically decreasing mortality; however, there
are also significant metabolic side effects associated with
cART including dyslipidemia, insulin resistance, and overt
diabetes mellitus. The complex interplay of HIV infection
itself, traditional cardiovascular risk factors, and cART, and
the extent to which these factors contribute to progression
of CVD in PLWH is an area of active investigation. Find-
ings from the Data Collection on Adverse Events of Anti-
HIV Drugs (DAD) study indicated that the incidence of MI
increased with longer exposure to cART [39]. The DAD
study included 3 years of follow-up and reported a signifi-
cant relationship specifically between exposure to protease
inhibitors and myocardial infarction [40]. This relationship
was not seen with exposure to non-nucleoside reverse-tran-
scriptase inhibitors and suggests that the previously reported
finding of an excess risk with increased exposure to cART
was likely due to exposure to early generations of the pro-
tease inhibitor class.

Protease inhibitors are known to increase total cholesterol
and low-density lipoprotein cholesterol levels to a greater
extent than non-nucleoside reverse transcriptase inhibitors;
however, newer protease inhibitor formulations have fewer
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metabolic side effects compared to earlier generations [41].
An advantage of the non-nucleoside reverse transcriptase
inhibitors is that they can increase HDL cholesterol lev-
els significantly [42]. Notably, increases in the risk of MI
associated with protease inhibitors were not fully explained
by changes in lipid profile, suggesting alternative mecha-
nisms by which protease inhibitors may cause increased
CVD. Early in the HIV/AIDS pandemic, there were several
reports which described alterations in glucose metabolism
in patients treated with the then-approved protease inhibitors
[43, 44]. These alterations in glucose metabolism and sub-
sequent glucose intolerance were attributed to insulin resist-
ance thought to be due to defects in triglyceride storage from
protease inhibitors [45]. More recent studies showed that
direct cellular mechanisms may be responsible for promot-
ing atherogenesis [46, 47]. Notably, the studies that showed
a positive association between protease inhibitors and CVD
evaluated agents such as indinavir, which is no longer a
first line agent. The more commonly used protease inhibi-
tors (such as atazanavir/darunavir) have not been shown to
increase CVD risk [48].

Additionally, patients initiated on cART often experience
weight gain, which may exacerbate metabolic abnormalities
associated with HIV and cART [49]. The gain in abdominal
fat and body mass index has been associated with increased
rates of incident ASCVD and diabetes mellitus in PLWH
on cART [50]. As obesity is increasing among PLWH, fur-
ther understanding risk factors, including specific cART
regimens associated with greater weight gain, are needed,
as well as the optimal approach to manage weight gain in
this population.

Common Comorbidities and Increased Risk
of CVD

Although HIV infection alone is an independent risk factor
for CVD, the increased incidence of comorbidities com-
monly associated with aging, particularly in HIC, often con-
founds the association. A large multi-cohort study found that
18% of PLHW were already obese at the time of initial diag-
nosis, and 18% of those overweight when initiating cART
became obese within 3 years [51]. Similarly, the prevalence
of diabetes mellitus in PLWH in the USA (12-19%) closely
mirrors that seen in people without HIV and adds to over-
all CVD risk [52]. The prevalence of hypertension among
over 65,000 PLWH across the world was found to be 35%
in those on cART in comparison to an estimated 30% in
people without HIV [53]. Since hypertension is a significant
worldwide contributor to CVD, these estimates highlight the
importance of CVD surveillance and prevention programs.

Tobacco use is one of the classic CVD risk factors that
has fortunately decreased over time among the general
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population of HIC; however, PLWH are still estimated to
have a 2-3 times greater prevalence of tobacco smoking
compared with uninfected people [54]. A Danish study
reported a fourfold increased risk of CVD-related mortality
among PLWH who were current smokers compared to never
smokers with an estimated 6 years of life lost secondary to
smoking in PLWH [55]. Illicit drug use among PLWH varies
considerably depending on the country and study; however,
PLWH generally have higher rates of both injection and non-
injection drug use. Cocaine use in particular is linked to
increased CVD risk, and the prevalence of use in PLWH
has been estimated at 36% in one meta-analysis [56]. The
approach to CVD prevention should consider the multitude
of risk factors present in the PLWH population and ideally
be tailored to the individual.

The Role of Cardiovascular Imaging
in HIV-related Heart Disease

Echocardiography remains the cornerstone modality glob-
ally for detecting HIV-related clinical and subclinical
changes in cardiac structure and function. With the advent
of earlier HIV diagnosis and treatment and viral suppres-
sion with cART, the phenotype of HIV-related cardiomyo-
pathy has shifted from that of left ventricular (LV) systolic
dysfunction with chamber dilation to one characterized by
diastolic dysfunction, subtler changes in LV structure, and/
or subclinical changes in systolic function, as well as occult
pulmonary hypertension. Subclinical changes could presage
the progression to and development of symptomatic heart
failure and arrhythmias.

A recent large cross-sectional study compared echo find-
ings in 1185 middle-aged American men living with and
without HIV with similar risk factors for HIV acquisition
in the current cART era who were enrolled in the Multi-
center AIDS Cohort Study (MACS) [57]. The majority of
the men living with HIV were virally suppressed among
whom prevalence of LV systolic dysfunction was low at
2.4%, similar to that seen in the HIV seronegative men.
Positive HIV serostatus was related to larger LV mass, left
atrial, and right ventricular (RV) sizes; lower RV systolic
function; and higher prevalence of diastolic dysfunction
[57]. HIV disease severity factors were not related to the
echo findings. These findings support that of a number of
other studies in HIC that also reported the higher prevalence
of diastolic dysfunction among PLWH [61-65]. Subclinical
differences in LV function as detected by LV global longi-
tudinal strain (GLS) have also been reported. A retrospec-
tive analysis of clinical echocardiograms from 253 PLWH
with LVEF > 50% observed abnormal LV GLS in over three
quarters of individuals [66]. Abnormal GLS was signifi-
cantly correlated with CD4 + T-cell count with borderline
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relationship with HIV viral load [66]. Studies from LMIC,
however, suggest different findings. In a study among 394
young South African individuals living with HIV, half of
whom were oncART, but had fewer cardiac risk factors than
participants in American studies; there were no differences
in cardiac structure and function compared to HIV-negative
controls [58]. Other studies of PLWH in Africa also report
low prevalence (1-7% compared to 22-37% in HIC) of dias-
tolic dysfunction with no difference by HIV serostatus [59,
60]. These results may be attributable to the younger ages
of African PLWH compared to PLWH in HIC and the lower
prevalences of traditional cardiac risk factors.

Echocardiography can also detect pulmonary hyperten-
sion, for which PLWH may be at increased susceptibility.
A recent study of 13,028 participants from the Veterans
Aging Cohort Study (VACS) reported a higher incidence
rate of pulmonary hypertension among veterans with HIV
compared to HIV-seronegative veterans (28.6 vs. 23.4 per
1000 person-years, p =0.0004; hazard ratio 1.25, 95% con-
fidence interval 1.12-1.40, p <0.0001) [61]. The higher
risk remained significant after multivariable adjustment for
non-HIV factors predisposing to pulmonary hypertension,
thus supporting an independent HIV-association. Higher
HIV viral loads and lower CD4 counts were associated with
increased pulmonary hypertension risk.

Cardiovascular magnetic resonance imaging (CMR) can
also provide insight into HIV-associated subclinical myo-
cardial disease, particularly diffuse fibrosis and macroscopic
scar using late gadolinium enhancement (LGE). Several
studies in HIC have reported the independent association
between HIV serostatus and increased extracellular volume
fraction (ECV) or native myocardial T1 values reflecting
diffuse fibrosis and/or focal LGE scar, generally involving
nonischemic midwall or subepicardial patterns. Elevated T1
times among PLWH were associated with increased risk for
a composite of major adverse cardiovascular events [65].
There is a suggestion that CMR findings in PLWH may dif-
fer in LMIC. A recent study compared CMR findings in a
middle-aged cohort of South African individuals, of whom
134 were predominantly virally-suppressed PLWH and
95 were HIV seronegative and matched by age, sex, and
hypertension status [61]. The observed prevalence of CMR
LGE was higher among both PLWH and uninfected con-
trols compared to data from HIC and did not differ by HIV
serostatus. However, CMR ECV was higher among PLWH,
as seen in HIC. The association between HIV serostatus and
myocardial fibrosis was stronger among women and younger
participants despite the absence of other traditional cardiac
risk factors. These findings support differences in cardiac
phenotypic profiles between PLWH in LMIC compared to
HIC that warrant further investigation. Several studies have
also reported the higher incidence of myocardial steatosis
using MR spectroscopy, which may contribute to increased

risk for diastolic dysfunction and heart failure [62, 64, 66].
Increased left atrial volume has also been described which
may be a marker for both diastolic dysfunction and increased
risk for atrial arrhythmia [67].

In terms of ASCVD, cardiac computed tomography (CT)
and coronary CT angiography (CCTA) have been used to
characterize subclinical CAD in PLWH and have provided
important insights into HIV-related coronary atherosclerosis
[68]. An analysis of the MACS showed that men living with
HIV had an increased prevalence of non-calcified and mixed
coronary plaques compared to uninfected men using CCTA,
even after adjusting for CVD risk factors [69]. However,
only a borderline association remained between HIV status
and the degree of coronary artery stenosis after adjustment
for risk factors. The MACS study also evaluated coronary
artery calcification (CAC), an important marker of coronary
atherosclerosis, and reported that after adjustment for age,
race, and study location, men living with HIV had a greater
prevalence of CAC than controls and they were at signifi-
cantly higher risk for development of CAC on serial imaging
over a mean follow-up of 5 years [69, 70]. Additional inves-
tigation within the MACS demonstrated that progression of
coronary artery stenosis was associated with cART adher-
ence and viremia [71]. These studies focused on subclinical
CAD in the MACS cohort have provided important insights
on the extent and characteristics of CAD in PLWH. The find-
ings of prevalent subclinical CAD suggest the importance of
modifying traditional CVD risk factors in PLWH.

Clinical Management Considerations

The clinical management of CVD in PLWH typically mir-
rors recommendations for those without HIV, however there
are important additional considerations for this patient
population. As in the general population, risk factors in
PLWH such as age, diabetes, hypertension, tobacco use, and
hyperlipidemia contribute to increased cardiovascular risk.
PLWH carry excess risk for CVD beyond these factors, but
the relatively recent transformation of HIV into a chronic
disease has resulted in limited long-term data on CVD inci-
dence [72, 73]. Thus, data in the current era tends to rely on
observational, prospective studies using surrogate markers
for CVD. A 2019 statement by the AHA proposed multipli-
cation of a patient’s atherosclerotic CVD risk by 1.5-2 times
if risk-enhancing factors, including prolonged duration of
HIV viremia, delay in cART initiation, nadir, or current CD4
count < 350 cells/mm?>, cART failure or nonadherence, meta-
bolic syndrome, abnormalities in fat distribution, hepatic
steatosis, and HCV co-infection, are present in PLWH [74].
Patients who lack those specific risk factors, receive prompt
treatment for HIV, and achieve viral suppression may not
have significantly elevated CVD risk; however, further stud-
ies are needed to confirm this. The most commonly used
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risk estimator in the USA is the ASCVD 10-year pooled
cohort equations; however, it is not specific to HIV [75, 76].
In contrast, the DAD prospective multinational HIV cohort
study identified risk factors among PLWH that are associ-
ated with increased risk, (including CD4 count, cumulative
exposure to protease inhibitors and nucleoside/nucleotide
reverse transcriptase inhibitors, and abacavir use), and uti-
lized this data to create a 5-year CVD risk equation [39, 77].
Similarly, the European AIDS Clinical Society has published
guidelines for the management of PLWH, including CVD
risk factors [78].

Published ASCVD calculators and national guidelines
largely serve to identify high risk PLWH earlier and begin
lipid-lowering therapies in addition to intensive lifestyle
modifications, when appropriate. An important considera-
tion for PLWH is the interaction of statins with certain cART
medications. Patients taking cytochrome P450 inhibitors,
such as ritonavir and cobicistat, are at particularly high risk
for drug interactions. In general, simvastatin and lovastatin
have the highest cytochrome P450 metabolism of all the
statins and should be avoided in PLWH, while pravastatin
and pitavastatin are least likely to cause pharmacologic inter-
action with commonly prescribed medications [79].

In contrast to HIC, HIV infection is not specifically listed
in guidelines or national strategies regarding CVD screen-
ing and management in most LMIC [80]. Risk reduction
for PLWH in LIC, notably sub-Saharan Africa, is primarily
focused on effective screening and early identification of
HIV with basic blood pressure and glucose testing, where
available. Imaging techology needed to assist with diagno-
sis of CAD, heart failure, and other forms of CVD is not
commonly available. Facility-based and community-based
integrated care models work to combine HIV treatment
and CVD risk reduction and have shown feasibility in sub-
Saharan Africa [81]. However, further studies are needed to
assess the long-term success of these approaches in reducing
CVD outcomes.

At present, there are few proven strategies to prevent
CVD in PLWH, but certain therapies aimed at lowering
this risk are currently being studied. Statin therapy used
to lower cholesterol in the general population may also be
effective at lowering the CVD risk in PLWH. The ongoing
REPRIEVE trial is a large, ongoing, multi-center rand-
omized controlled trial evaluating the effect of pitavas-
tatin compared to placebo to reduce the risk of CVD in
stable PLWH on chronic cART [82]. Given the growing
evidence supporting the role of increased systemic inflam-
mation on risk of CVD in PLWH, several novel interven-
tions have been investigated to reduce CVD risk. An
anti-inflammatory treatment approach was investigated in
randomized clinical trials using agents such as methotrex-
ate and colchicine in PLWH but did not show improve-
ment in endothelial function, an index of cardiovascular
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risk, measured non-invasively [83, 84]. Another clinical
trial found that treatment with canakinumab, a monoclo-
nal antibody binding IL-1f, lowered systemic markers of
inflammation and aortic inflammation measured by FDG-
PET in PLWH [85]. Recently, PCSK®9 inhibitor therapy, a
monoclonal antibody that improves LDL cholesterol traf-
ficking, was tested in PLWH and shown to improve coro-
nary endothelial function after 6 weeks of treatment [86].
Furthermore, long-term therapeutic intervention trials are
needed to evaluate CVD outcomes using both traditional
and novel interventions in PLWH.

Future Directions and Knowledge Gaps

As HIV treatment and management have evolved over the
decades, great strides have been made towards recogni-
tion of the epidemiology and underlying pathophysiology
of associated CVD, including but not limited to ASCVD,
systolic and diastolic heart failure, and pulmonary hyper-
tension. The tradeoff of improved longevity in this popula-
tion is the greater prevalence of age-related and metabolic
diseases as has been shown by increasing rates of diabetes,
hypertension, obesity, and hyperlipidemia. The development
of highly effective cART regimens and tailoring of certain
drug classes to minimize harmful side effects remain active
fields of investigation. Earlier diagnosis of the subclinical
cardiovascular sequelae that afflicts this population is more
common, particularly in HIC, with the help of specialized
non-invasive imaging studies as such echocardiography
and CT and CMR when indicated. However, despite the
disproportionate burden of the HIV epidemic concentrated
in LMIC, data on epidemiology of CVD in this population
is lacking and remains desperately needed.

The recent era of prolonged HIV survival and near-
normal life expectancy leaves obvious gaps in information
regarding long-term health outcomes. There are currently
over 70 ongoing studies including registered clinical trials
focused on preventing and treating CVD in PLWH. One of
the larger pending studies is the HIV/HEART Aging study,
a prospective multicenter observational study currently
ongoing in Germany to assess 15-year CVD outcomes
(NCTO04330287). In addition to further investigation into
the underlying mechanisms contributing to CVD in PLWH,
future research should focus on developing accurate pre-
diction models and effective prevention and management
strategies in both HIC and LMIC.
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