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ABSTRACT

Understanding why persons with human immunodeficiency virus (HIV)
have accelerated atherosclerosis and its sequelae, including coronary
artery disease (CAD) and myocardial infarction, is necessary to provide
appropriate care to a large and aging population with HIV. In this re-
view, we delineate the diverse pathophysiologies underlying
HIV-associated CAD and discuss how these are implicated in the clin-
ical manifestations of CAD among persons with HIV. Several factors
contribute to HIV-associated CAD, with chronic inflammation and
immune activation likely representing the primary drivers. Increased
monocyte activation, inflammation, and hyperlipidemia present in
chronic HIV infection also mirror the pathophysiology of plaque
rupture. Furthermore, mechanisms central to plaque erosion, such as
activation of toll-like receptor 2 and formation of neutrophil extracel-
lular traps, are also abundant in HIV. In addition to inflammation and
immune activation in general, persons with HIV have a higher preva-
lence than uninfected persons of traditional cardiovascular risk factors,
including dyslipidemia, hypertension, insulin resistance, and tobacco
use. Antiretroviral therapies, although clearly necessary for HIV

Effective and timely antiretroviral therapy (ART) has
dramatically increased the life span of people with human
immunodeficiency virus (HIV). Analysis of the Strategies for
Management of Antiretroviral Therapy (SMART) and Eval-
uation of Subcutaneous Proleukin in a Randomized Inter-
national Trial (ESPIRIT) clinical trials demonstrated that
persons with HIV who were started on continuous ART and
achieved viral load suppression along with recovery of CD4+
T-cell count had mortality rates approaching those of the
general population. Not surprisingly, deaths from acquired
immunodeficiency syndrome (AIDS)—defining illnesses have
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RESUME

Il est nécessaire de comprendre pourquoi les personnes infectées par le
virus de 'immunodéficience humaine (VIH) souffrent d’athérosclérose
accélérée et de ses séquelles, y compris la coronaropathie et I'infarctus
du myocarde, afin d’étre en mesure de dispenser des soins appropriés a
une population nombreuse et vieillissante de personnes vivant avec le
VIH. Dans cet article de synthése, nous distinguons les diverses physio-
pathologies sous-jacentes des coronaropathies associées au VIH et nous
analysons leur réle dans les manifestations cliniques des coro-
naropathies chez les personnes vivant avec le VIH. Plusieurs facteurs
contribuent a la coronaropathie associée au VIH dont, probablement au
premier chef, Iinflammation chronique et I'activation du systéme
immunitaire. L'activation accrue des monocytes, l'inflammation et
I'hyperlipidémie observées dans l'infection a VIH chronique reflétent
également la physiopathologie de la rupture des plaques. De plus, les
mécanismes jouant un rdle central dans I'érosion des plaques, notam-
ment I'activation du récepteur de type Toll-2 et la formation de piéges
extracellulaires des neutrophiles, sont trés présents dans l'infection a
VIH. En plus de I'inflammation et de I'activation du systéme immunitaire

significantly decreased, but cardiovascular disease (CVD)
mortality rates have more than doubled in persons with HIV,
resulting in an approximately 3-fold increase in proportionate
mortality due to CVD over the past 2 decades.”” Despite
effective HIV prevention efforts that have stabilized and in
some areas decreased HIV incidence rates, HIV prevalence is
on the rise largely because of longer life spans free from
progression to AIDS among persons with HIV. Even in high-
income countries, the median proportional increase in HIV
prevalence was 13.6% between 2006 and 2011." There are
more than 1.2 million and 35 million adults with HIV in the
United States and worldwide, respectively. Thus, there is a
growing and aging HIV+ population with a high and
increasing burden of CVD.

The increased risk of coronary artery disease (CAD) for
persons with HIV has been demonstrated in several epide-
miological analyses. Cohort studies that included uninfected
control groups demonstrated a 2-fold greater risk of myocar-
dial infarction (MI) for persons with HIV after adjusting for
CVD risk factors.”® However, these initial studies were
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treatment and survival, have had varied effects on CAD, but newer
generation regimens have reduced cardiovascular toxicities. From a
clinical standpoint, this mix of risk factors is implicated in earlier CAD
among persons with HIV than uninfected persons; whether the distri-
bution and underlying plaque content of CAD for persons with HIV
differs considerably from uninfected persons has not been definitively
studied. Furthermore, the role of cardiovascular risk estimators in HIV
remains unclear, as does the role of traditional and emerging thera-
pies; no trials of CAD therapies powered to detect clinical events have
been completed among persons with HIV.

limited because of lack of key clinical risk factors, such as
smoking history. More recently, the Veterans Aging Cohort
Study showed a 1.5-fold greater risk of MI in HIV+ adults
compared with uninfected controls even after adjusting for
smoking and substance use.” Lower CD4+ T-cell count and
elevated viral load were associated with greater MI risk.
Although the epidemiology of elevated CAD risks for per-
sons with HIV is reasonably well defined, the underlying
pathogenesis is complex and incompletely understood, as are
the unique clinical manifestations of HIV-associated CAD. In
this review, we will discuss clinical factors associated with CAD
among persons with HIV as well as how these contribute to
unique CAD manifestations among persons with HIV.

Traditional CAD Risk Factors in HIV
Adults with HIV have a higher prevalence of diabetes mel-
litus, hypertensmn, dyslipidemia, and tobacco use than unin-
fected persons.” After ad)ustmg for confoundmg risk factors
such as demographics, socioeconomic status, education,
obesity, and hepatitis C virus infection, adults with HIV have a
3.8% higher prevalence of diabetes mellitus compared with the
general population.” Adults with HIV have changes in adipose
tissue, skeletal muscle, and liver that lead to insulin resistance.
There is increased expression of proinflammatory cytokines
(interleukin-6, tumor necrosis factor-a.) by the adipocytes,
which leads to inhibition of insulin signaling.'® Adipose tissue
T-cell profiles shift toward a proinflammatory state similar to
that seen with obesity This results in high adiponectin and
soluble-tumor necrosis factor receptor 1 levels along w1th low
leptin levels, leadmg to 1mpa1red glucose metabolism."
Hypertension is present in 35% of all HIV-infected adults
on ART across the world. HIV-infected adults with hyperten-
sion have a 2-fold hlgher risk of MI than uninfected controls
with hypertension.'” Many of the same pathways involving
inflammation and immune activation are thought to play a role
in hypertension for persons with HIV, although data regarding
these pathways in HIV are limited. HIV infection also activates
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en général, les personnes vivant avec le VIH présentent une prévalence
plus élevée de facteurs de risque cardiovasculaire que les personnes
non infectées, y compris la dyslipidémie, I'hypertension, I'insulinoré-
sistance et le tabagisme. Les thérapies antirétrovirales, malgré leur
nécessité évidente pour le traitement et la survie des personnes
infectées par le VIH, ont eu différents effets sur la coronaropathie,
mais les schémas thérapeutiques plus récents présentent une toxicité
cardiovasculaire moindre. D’un point de vue clinique, ce mélange de
facteurs de risque joue un réle dans la survenue plus précoce de la
coronaropathie chez les personnes infectées par le VIH que dans la
population non infectée; il n'a pas encore été déterminé si les ca-
ractéristiques de distribution et de contenu des plaques sous-jacentes
de la coronaropathie chez les personnes vivant avec le VIH différent
considérablement de celles observées chez les personnes hon
infectées. De surcroit, le réle des estimateurs du risque cardiovascu-
laire dans I'infection par le VIH demeure imprécis, tout comme celui
des traitements classiques et des traitements émergents; aucun essai
clinique sur le traitement des coronaropathies ayant la puissance
nécessaire pour déceler des événements cliniques n’a été réalisé dans
la population infectée par le VIH.

the renin-angiotensin-aldosterone system by promoting pro-
duction of renin from CD4 T cells, which in turn interacts
directly with the virus to stimulate replication."”

Dyslipidemia is present in more than half of adults with
HIV. Different anti-retroviral drugs have varying effects on
the different lipoprotein levels. Interestingly, untreated HIV
has been associated with low levels of total cholesterol, high-
density lipoprotein cholesterol (HDL-C), and low-density
lipoprotein (LDL) cholesterol. However, after initiation of
ART, there is an increase in total cholesterol and LDL
cholesterol while HDL-C remains low.'* Decreases in
HDL-C levels can 1ndependently predict HIV-infected adults
at increased risk of CAD."”

Although the increased prevalence of hypertension, dia-
betes, and dyslipidemia might in part be linked to HIV
pathophysiology, it is important to recognize lifestyle differ-
ences in persons with HIV that make an impact on cardio-
vascular risk. Persons with HIV have been shown to be twice
as likely to smoke cigarettes and significantly less likely to quit.
This increased prevalence is associated w1th poor socioeco-
nomic status and lower educational level.'® Results from the
Data Collection on Adverse Events of Ant-HIV Drugs
(D:A:D) study group showed that current smoking was
associated with an apgroximately 3-fold increased risk in MI
in persons with HIV."” Whether tobacco use increases the risk
of CAD more in persons with HIV compared with uninfected
adults because of an underlying proinflammatory state is not
known.

Thus, the evidence suggests that HIV infection creates an
environment that predisposes or accelerates the development
of traditional CAD risk factors. The increased burden of these
traditional risk factors undoubtedly contributes to the higher
CAD risk in persons with HIV. Thus, addressing these known
risk factors should be a public health priority in this
population. Unfortunately, HIV-infected adults are signifi-
cantly less likely to be prescribed aspirin, statin therapy, or
antihypertensive medications compared with their uninfected
counterparts.
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Antiretroviral Therapy and Risk of CAD

The use of ART and CAD in persons with HIV is his-
torically and mechanistically intertwined. In the mid-1990s,
HIV providers started to notice a correlation between ART,
specifically protease inhibitors (PIs), and MI in persons with
HIV."” Case reports showed that PIs increased triglyceride,
LDL, and lipoprotein (a) levels.”” Initial data from random-
ized controlled studies of early PIs demonstrated a trend to-
ward increased risk of MI compared with nucleoside reverse
transcriptase inhibitors (NRTIs) alone.”! Three major trials
have helped determine the effects of ART on overall and
cardiovascular health of persons with HIV (Table 1). Because
of increasing concerns about side effects from ART, a ran-
domized clinical trial (SMART) was designed to assess the
risks and benefits of reducing ART exposure by only inter-
mittently using it based on the CD4+ T-cell count. The trial
was stopped because of increased risk of HIV disease pro-
gression and death in the interrupted ART arm. Incidence of
CVD was one of the secondary end points of the study and
was also noted to be significantly higher in the interrupted
ART arm. Although there was a marked reduction in LDL
and triglycerides in the interrupted arm compared with the
continuous arm, high-density lipoprotein (HDL) levels also
decreased in the interrupted arm but remained stable in the
continuous arm.'” Thus, this study suggested a lower risk of
CVD with continuous ART, even if there was some dyslipi-
demia associated with continuous ART.

The D:A:D study, a prospective observational study of
more than 23,000 patients, showed a 26% relative increase in
the rate of MI per year of exposure to ART, although the
overall absolute risk of MI in this study was small.”” Addi-
tional analysis of the D:A:D study cohort showed that there

Table 1. Cardiovascular benefits and effects of antiretroviral therapy
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was a significantly increased risk in MI with PI exposure but
not non-nucleoside reverse transcriptase inhibitor (NNRTT)
exposure.”> This risk was only partially mitigated after
adjusting for dyslipidemia. The study also showed increased
risk of MI in patients treated with abacavir, an NRTL
However, other studies have not demonstrated a significant
association between abacavir and MI.”* A case-control study
in France did not demonstrate an increased risk of MI with
abacavir, but did show a significantly increased risk of MI with
cumulative exposure to all PIs except saquinavir.”’

On the heels of the SMART trial, which demonstrated
clear benefits of continuous vs interrupted ART, the Strategic
Timing of Antiretroviral Treatment (START) trial was
designed to investigate immediate vs deferred ART initiation.
The study randomized ART-naive persons with HIV with
CD4+ T-cell counts > 500 cells/mm?> to immediate ART
initiation vs deferral of ART until CD4+ T-cell count
declined to < 350 cells/mm?>.?° The results favored imme-
diate treatment, with significant decreases in serious
AIDS-related and non—AIDS-related events in the immediate
therapy arm. The study was not powered to detect differences
in CVD events, and no statistically significant differences in
hard clinical CVD end points were observed. The study did
show that immediate ART led to increased LDL and HDL
levels.”” This was most noticeable in patients on Pls. Integrase
strand transfer inhibitors did not produce a significant change
in LDL or HDL levels.

Although the evidence on ART-associated CAD risk is
certainly incomplete, a few key points may be gleaned from
the existing data. First, early and continuous ART is clearly
better than no ART, both in terms of HIV/AIDS-related
outcomes and in terms of most relevant non-AIDS end

Study Population

Design Effect of ART

CD4+ Count-Guided Interruption
of Antiretroviral Therapy.
SMART Study Group. (2006)

> 350 cells/mm?>. Mean follow-
up of 16 mo.

Class of Antiretroviral Drugs and the 23,437 persons with HIV with
Risk of Myocardial Infarction.
D:A:D Study Group. (2007) Median follow-up of 4.5 y per

patient.

Initiation of Antiretroviral Therapy
in Early Asymptomatic HIV
Infection. INSIGHT START
Study Group. (2015)

> 500 cells/mm?>. Mean follow-
up of 3 y.

5472 persons with HIV with CD4+ Randomized controlled trial. Viral

Prospective observational cohort
median CD4+ of 200 cells/mm?’.

4685 persons with HIV with CD4+ Randomized controlled trial.

Increased all-cause mortality (HR,
1.8), serious opportunistic
infections (HR, 6.6), and CVD
(HR, 1.6) in the drug

conservation strategy.

suppression strategy

(uninterrupted maximal

suppression of HIV replication

with ART) vs drug conservation
strategy (deferral of ART until

CD4+ < 250 cells/mm?® or

development of opportunistic

infections). Equal prevalence of PI
use in both groups.

After adjustment for traditional
cardiovascular risk factors
including total cholesterol and
HDL levels, and prior
cardiovascular events, the relative
rate of MI per year of PI exposure
was significantly increased at 1.10.

Decreased risk of serious AIDS-
related event (HR, 0.28) and
serious non—AIDS-related event
(HR, 0.61) in the immediate
initiation group. Two most
common non—AIDS-related
events were cancer and CVD.

study comprising 188 clinics in 21
countries in Europe, the United
States, and Australia.

Immediate initiation (start ART
immediately) vs deferred initiation
(defer ART until CD4+ < 350
cells/mm?, or AIDS).

AIDS, acquired immunodeficiency syndrome; ART, antiretroviral therapy; CVD, cardiovascular disease; D:A:D, Data Collection on Adverse Events of Anti-

HIV Drugs; HDL, high-density lipoprotein; HIV, human immunodeficiency virus; HR, hazard ratio; PI, protease inhibitor; SMART, Strategies for Management of
Antiretroviral Therapy (SMART); START, Strategic Timing of AntiRetroviral Treatment.
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points. This point is fundamental to interpreting any discus-
sion of which specific therapies are most and least toxic,
because therapy in general clearly wins against no therapy.
The second point is that among ART strategies, chronic PI
exposure does appear to be modestly associated with MI,
perthaps because of dyslipidemia and insulin resistance.
Among non-PI therapies, abacavir has been associated with
elevated risk of MI in several, although not all, studies. It is
important to note that disentangling the effect of a specific
antiretroviral drug or class of drugs is difficult to do given that
they are given in combination with other ART; additionally,
understanding time and duration of drug administration may
not be reliable in observational studies. The final and practical
point is that monitoring lipid panels and glucose levels after
starting ART is imperative to monitor for metabolic side
effects common to some of these medications. Therefore, it is
reasonable to discuss with HIV providers and patients
changing to non—PI-based ART regimens if patients have
known histories of CVD, high baseline CVD risks, or sig-
nificant metabolic changes after starting PI-based ART.
Regardless of the ART classes used, the protective effects of
ART on overall health for persons with HIV clearly outweigh
the small increased risk associated with certain antiretroviral
drugs compared with others.

Pathophysiology and Related Manifestations of
CAD in HIV

Acute coronary syndrome (ACS) can occur through
different mechanisms, including but not limited to plaque
rupture and plaque erosion. Microvascular disease, throm-
bosis, and endothelial function also play an important role in
MI pathophysiology. Understanding these mechanisms is
instructive to the study of how, when, and why CAD mani-
fests in HIV. We discuss how these mechanisms may be
exacerbated in chronic HIV infection, leading to various
manifestations of CAD. An overview of the pathophysiology
of CAD and related myocardial dysfunction in HIV is shown

1. Epicardial Coronary
Artery Disease

Influenced by chronic risk
factors: HIV-related immune
dysregulation, inflammation,
dyslipidemia, hypertension,
smoking, diabetes, dysbiosis
& bacterial translocation
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in Figure 1; clinical and immunological factors implicated in
HIV-related CAD are shown in Figure 2.

Plaque rupture

Plaque rupture is traditionally considered the predominant
mechanism of ACS in the general population. The patho-
physiologic basis of plaque rupture is the concept of a
vulnerable plaque, a thin-capped atheromatous lesion with a
large lipid pool associated with overexpression of proin-
flammatory cytokines, procoagulant factors, and collagenases.
Given the presence of dyslipidemia and inflammation in HIV,
it would be reasonable to hypothesize that HIV-infected
adults have an increased risk of plaque rupture. Analysis of
the SMART trial did show that interleukin-6, high-sensitivity
C-reactive protein, and D-dimer were associated with CVD
events in HIV-infected adults independent of other CVD risk
factors.”® Early autopsy studies in young HIV-infected men
showed striking atherosclerotic plaques similar to that seen in
uninfected older people.”” The lesions were diffuse and
eccentric, and demonstrated fibrosis with foam cells. Vasculitis
and calcifications were not present. Other studies have also
shown increased coronary plaque burden in asymptomatic
HIV-infected adults compared with similar controls,”””"
although the distribution of CAD in persons with HIV vs
uninfected persons with first episodes of ACS may be
similar.™

More recently, coronary computed tomography angiog-
raphy has been used to characterize the composition of cor-
onary plaques and identify high-risk morphological features,
such as positive remodeling and low attenuation. In treated
HIV-infected adults, there is a higher prevalence of vulnerable
plaque compared with uninfected controls with similar risk
factors as determined by coronary computed tomography
angiography.”> These morphological criteria have been
demonstrated in vulnerable plaques present in uninfected
patients with plaque rupture. Interestingly, persons with HIV
who presented with ACS had a lower plaque burden

2. In-Situ Thrombus, Ischemia,
due to Plaque Erosion, Plaque
Rupture, or Vasospasm

Influenced by HIV-associated
coagulable milieu, persistent
inflammation, vasoconstriction

3. Downstream Complications:
MI, myocardial scar, heart
failure, fatal arrhythmias

Influenced by dynamic factors:
extent of acute thrombus,
microvascular function (likely
impaired in HIV), collateral
circulation, immune regulation &
inflammatory cell clearance

Figure 1. Pathophysiology of human immunodeficiency virus (HIV)-associated coronary artery disease (CAD) and acute coronary syndrome (ACS).

MI, myocardial infarction.
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Figure 2. Clinical and immunologic factors implicated in HIV-associated CAD. HDL, high-density lipoprotein; HIV, human immunodeficiency virus; IV,
intravenous; MI, myocardial infarction; NSTEMI, non—ST-segment elevation myocardial infarction; STEMI, ST-segment elevation myocardial

infarction.

compared with uninfected controls; this was likely driven by
greater vulnerability and inflammation of the at-risk plaques
among persons with HIV.”* In this study, the persons with
HIV (vs uninfected persons) had higher C-reactive protein
levels despite being on more aggressive medical therapy with
statins. These results suggest that there is higher plaque
vulnerability in the HIV population, and novel treatments
beyond current medical therapy may be needed to modify
plaque stability to decrease the risk of MI.

Monocytes and macrophages play an important role in the
development of a vulnerable plaque, especially in HIV. In
chronic HIV, monocytes remain chronically infected despite
ART; not surprisingly, numerous studies have supported the
importance of monocyte-mediated  inflammation  in
HIV-associated atherogenesis. A common marker of mono-
cyte activation, soluble CD163, is significantly associated with
vulnerable plaques in HIV-infected adults after adjustment for
common cardiovascular risk factors.”” Another marker of
monocyte activation, soluble CD14, is likewise associated
with plaque development.”” Elevated levels of chemokines in
HIV may also play a role in atherogenesis, leading to devel-
opment of reactive oxygen species that promote the produc-
tion of oxidized LDL. Scavenging of oxidized LDL by

migrating monocytes leads to their transformation into foam
36
cells, a key component of vulnerable plaques.”

Plaque erosion

Unlike plaque rupture, which is characterized by a foam
cell—rich inflammatory atheroma, plaque erosion occurs in
lesions that have fewer inflammatory cells, abundant extra-
cellular matrix, and neutrophil extracellular traps (NETs).”
Thus, the mechanism in HIV-associated ACS would seem
to favor plaque rupture over erosion. However, deeper
understanding of plaque erosion has led to potential pathways
that might also be more prominently involved in chronic HIV
infection. HIV is one of the few viruses that has been shown
to induce NETosis.”® Although NETs are an important part
of innate immunity, they can also contribute to endothelial
dysfunction and directly promote thrombosis. Recent evi-
dence suggests overexpression of innate immune receptor toll-
like receptor 2 (TLR2) leads to apoptosis of endothelial cells,
which contributes to denudation, thus triggering thrombus
formation in eroded lesions.”*" Interestingly, HIV structural
proteins pl7, p24, and gp41 have been shown to bind TLR2
and activate the nuclear factor kB signaling pathway.*' TLR2
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activation also promotes neutrophil recruitment and adhesion.
Endothelial dysfunction is known to be present in
HIV-infected adults, even those on effective ART.*” How-
ever, the mechanisms remain unclear, although increased
inflammation and immune cells activation are thought to play
a role.”” Thus, increased TLR2 activation and NETosis could
be potential mechanisms through which HIV leads to endo-
thelial dysfunction and plaque erosion.

Thrombosis and microvascular dysfunction

Although plaque rupture and plaque erosion are the pri-
mary mechanisms leading to ACS, thrombosis and micro-
vascular dysfunction play an important role as well. Both
plaque rupture and erosion create a thrombogenic environ-
ment that leads to thrombus formation and abrupt cessation
of blood flow. Chronic HIV infection is a prothrombotic stat.
Angjographic studies looking at HIV-infected adults pre-
senting with ACS have shown an increased burden of
thrombus in the infarct-related artery compared with
uninfected controls.”* One study used coronary intravascular
ultrasound to demonstrate that a significant number of
HIV-infected adults presenting with ACS had fresh thrombus
with no or minimal underlying atherosclerotic disease.”” The
primary etiology for this prothrombotic state is not known but
likely to be linked to the underlying inflammatory state.
HIV-infected adults have also been shown to have lower
protein C levels and higher factor VIII levels.*’

Coronary microvascular structure and function have not
been studied as extensively as epicardial CAD in general, and
particularly among persons with HIV. The coronary micro-
vasculature is responsible for controlling coronary vascular
resistance and thus has a prominent role in coronary blood
flow. The resistance of the microvasculature is based on
endothelium-dependent vasoreactivity, changes in stretch
receptors on vascular smooth muscle cells, and local metab-
olite concentrations.”® Microvascular dysfunction not only
leads to angina and myocardial dysfunction but also is
involved in ACS pathogenesis. Microvascular dysfunction is
well recognized through a phenomenon known as “no-
reflow,” which is defined as lack of myocardial reperfusion
despite recanalization of the epicardial artery. However, there
is also evidence that microvascular dysfunction even in the
absence of obstructive epicardial CAD can lead to ACS."
There is growing evidence that markers of immune activa-
tion, inflammation, and thrombosis in HIV-infected adults

2

. R . 48
contribute to microvascular dysfunction.

Presentation and Outcomes of CAD and ACS in
HIV

In light of the described pathophysiology undetlying
elevated risks for CAD and ACS in HIV, several observational
studies have evaluated outcomes of ACS and coronary in-
terventions in HIV (Table 2). One of the earlier studies
evaluating the clinical features of ACS in persons with HIV
showed that the HIV group was 10 years younger and had
lower blood pressure, lower HDL level, and a lower Throm-
bolysis in Myocardial Infarction score compared with the
uninfected control group.49 A meta-analysis of 11 studies on
ACS in persons with HIV found that the most common
presentation was ST-segment elevation MI (STEMI),
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comprising 57.19% of the admissions. There was a high rate
of in-hospital cardiovascular mortality (8%). Although single
vessel disease was the most common angiographic finding, the
presence of multivessel disease was higher in persons with
HIV than in contemporary ACS registries of uninfected
patients. At approximately 2-year follow up, the incidence of
recurrent acute MI was high at 9.4% and need for repeat
revascularization was 20%.”"

As discussed in the previous section, the presence of
vulnerable plaques and propensity for thrombus formation
might explain the higher proportion of STEMI presentation.
A more contemporary study used intravascular ultrasound in
patients presenting with ACS to better characterize the un-
derlying lesion. The majority of the clinical presentations in
the HIV group of this study were STEMI. Furthermore,
persons with HIV had lower plaque burden but had more
noncalcified plaque as well as thrombus. Those with advanced
disease, as characterized by CD4 < 200/mm?, had a higher
incidence of MI recurrence, repeat revascularization, and stent
thrombosis.”' In understanding the increased risk of repeat
events, it is important to realize the difference in health care
delivery in the HIV population. HIV-infected adults are
prescribed dual antiplatelet and statin therapies for secondary
prevention at significantly lower rates.”” However, a study of
103 persons with HIV and 195 uninfected matched controls
with ACS found that rates of in-stent restenosis for patients
receiving percutaneous coronary intervention were similar,
but recurrent ACS was significantly more frequent for persons
with HIV, indicating that the high rate of recurrent MI may
be due to the underlying pathophysiology of chronic HIV
infection.”” Although the increased risk of recurrent MI found
in these studies may reflect the effect of increased inflamma-
tion and immune dysregulation on plaque vulnerability as well
as suboptimal secondary prevention, the increased prevalence
of type 2 MI in the HIV population may also play a role.” In
a large multicenter cohort study looking at adjudicated MI,
persons with HIV had almost double the rate of type 2 MI
compared with the general population. Most likely causes of
type 2 MI in this population were sepsis and illicit drug use.
Although these conditions can certainly create a supply—
demand mismatch leading to a type 2 MI, it is not known
whether HIV infection increases the risk of type 2 MI possibly
due to underlying microvascular ischemia.

As in the general population, persons with HIV receiving
drug-eluting stents have fewer major adverse cardiovascular
events than persons with HIV receiving bare metal stents.”
Likewise, coronary artery bypass graft surgery appears to be

Table 2. Clinical differences in acute coronary syndrome in HIV vs
uninfected patients

HIV-infected vs uninfected adults

Demographics
Risk factors
Presentation
Plaque morphology
Mortality
Recurrent MI

10 y younger

Lower TIMI score, higher rates of tobacco use
Increased prevalence of STEMI (> 50%)
Noncalcified plaque and increased thrombus
Increased risk of 30-d in-hospital mortality
Increased risk possibly due to type 2 MI

HIV, human immunodeficiency virus; MI, myocardial infarction;
STEMI, ST-segment elevation myocardial infarction; TIMI, Thrombolysis in
Myocardial Infarction.
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well tolerated for persons with HIV, who have similar 30-day
postoperative cardiac event and procedural complication rates
as uninfected persons, but higher rates of recurrent major
adverse cardiovascular events due primarily to a need for
revascularization with percutaneous coronary intervention.””
Less is known regarding risk for myocardial dysfunction and
heart failure due to ischemia and MI among persons with
HIV. A small study of persons with HIV and uninfected
controls with significant CAD and a history of known or
likely silent MI who subsequently underwent cardiac mag-
netic resonance imaging found that persons with HIV had
twice the Ml-associated scar burden and significantly lower
left ventricular ejection fraction.”® Likewise, a study of persons
with HIV and uninfected controls with abnormal cardiac
stress testing who then underwent cardiac catheterization
revealed that persons with HIV were significantly more likely
to receive percutaneous coronary intervention, perhaps
reflecting more functionally severe CAD among persons with
HIV.”” Certainly, more data are needed regarding the impact
of coronary ischemia and infarction on myocardial function in
HIV to better inform preventive and therapeutic efforts.

Although determining novel mechanisms in the HIV
population will hopefully lead to new and effective treatments,
understanding the pitfalls and nuances of current ACS and
CAD treatment in persons with HIV is important as well.
Treatment in this population can often be complicated by
drug—drug interactions as well as decreased effectiveness of
standard therapies (Table 3). The inital regimen for an ART-
naive patient with HIV consists of 2 NRTTs in combination
with a third drug that can come from 1 of 3 drug classes:
integrase strand transfer inhibitors, NNRTTIs, or PIs. Of these
classes of medications, NNRTIs and PIs have significant in-
teractions with most statins.”® Most PIs inhibit the meta-
bolism of statins because of interaction with the CYP3A4
pathway, with ritonavir being the most potent and saquinavir
being the least. Specifically, lovastatin and simvastatin are
contraindicated with Pls.”” Exceptions to this drug—drug
interaction include pitavastatin and pravastatin, which are
metabolized primarily by glucuronidation. Rosuvastatin,
which is metabolized by CYP2C9, fluvastatin, and atorvas-
tatin, can be used in patients on certain PIs but should be
started at a low dose and slowly titrated with careful moni-
toring.78 NNRTTs tend to stimulate statin metabolism, thus
decreasing their effectiveness. Therefore, appropriate dosing
and monitoring are essential.

Like statins, antiplatelet interactions are also primarily with
PIs and NNRTTs. Prasugrel is a prodrug that is bioactivated
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by CYP3A4 to its active metabolite; thus, inhibition of
CYP3A4 by PIs may decrease its clinical effect. On the other
hand, ticagrelor is metabolized by CYP3A4, and thus con-
current administration with PIs can increase its effect and lead
to bleeding. Although ritonavir is also an inducer of
CYP2C19, the predominant pathway of clopidogrel bio-
activation, pharmacogenomic studies have shown that rapid
metabolizers of CYP2C19 did not ex(g)erience a significant
change in effectiveness of clopidogrel.(’ Thus, clopidogrel is
usually the drug of choice in patients on Pls. Given that
NNRTIs are typically inducers of CYP3A4, they usually do
not have a significant clinical effect on any of the 3 commonly
used antiplatelet drugs. However, the exceptions include
efavirenz and etravirine, both of which inhibit CYP2C19 and
thus can decrease the bioactivation of clopidogrel.”’ Thus,
prasugrel and ticagrelor should be preferentially used in these
patients.

Given the growing use of direct oral anticoagulants in the
management of CAD, it is important to know their drug—
drug interactions as well. Rivaroxaban and apixaban are
substrates of CYP3A4, and thus concurrent administration
with Pls can increase the bleeding risk while NNRTIs can
decrease the clinical effect.”” Dabigatran is primarily renally
excreted and not metabolized by CYP450; thus, it is the drug
of choice in patients on PIs and NNRTTs. It is important to
note that the prodrug dabigatran etexilate is a substrate for
P-glycoprotein, and coadministration with ritonavir, a
P-glycoprotein inhibitor, can significantly increase the drug’s
bioavailability.”” Therefore, administration times for the 2
drugs should be separated by 2 hours.

CAD in HiV-Infected Women

The relative risk difference in CAD for persons with HIV
vs uninfected persons is particularly pronounced in women.
Two studies found that the relative risk of MI was greater in
women with HIV (relative risk for MI = 2.7-3 for women
with HIV vs uninfected women) than men (1.4) when
compared with uninfected controls.”®' In an analysis of
women in the Veterans Aging Cohort Study, the adjusted
hazard ratio for of MI and unstable angina was 2.8 in women
with HIV compared with uninfected women.®” The median
age at the first event was also significantly lower in
HIV-infected women at 49.3 years compared with 51.2 years
for uninfected women.

In the general population, coronary vasospasm, coronary
artery dissection, and microvascular disease—which are driven

Table 3. Drug Interactions between antiretroviral therapy and cardiovascular drugs

Statins

Antiplatelets Anticoagulants

Protease inhibitors
- inhibit CYP3A4

Suggested use:
1. Pitavastatin and Pravastatin
2. Atorvastatin - and  Rosuvastatin
(careful monitoring)
Contraindicated:
Lovastatin and Simvastatin
Increase metabolism. Careful
monitoring is recommended because
clinical efficacy might be decreased.

Non-nucleoside reverse
transcriptase inhibitors

- induced CYP3A4

Clopidogrel: Dabigatran:
Drug of choice Drug of choice (separate adminis-
Prasugrel: tration with Ritonavir by 2 h)
Decreased activation Apixaban and Rivaroxaban:
Ticagrelor: Decreased metabolism

Decreased metabolism
No clinical effect aside from Efavirenz
and Etravirine, which inhibit
CYP2C19, leading to decreased

activation of clopidogrel.

Dabigatran:
Drug of choice
Apixaban and Rivaroxaban:
Increased metabolism
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in large part by local and systemic inflammation—are more
prevalent in women with MI than men. Therefore, it is
plausible that the underlying inflammatory milieu in chronic
HIV infection might further potentiate these pathogenic
processes in women with HIV. There is evidence that women
with HIV have a higher burden of noncalcified plaque asso-
ciated w1th increased markers inflammation and monocyte
activation.”” Furthermore, HIV infection may increase CAD
risk in women through other pathways such as early and
premature menopause secondary to coinfections and immune
dysfunction Given that women represent 25% of persons
with HIV, it is important to understand their increased risk of
CAD to optimize prevention, screening, and treatment.

CAD Risk Prediction and Treatment

Accurate prediction of CVD, particularly atherosclerotic
CVD (ASCVD), risk in HIV-infected adults is needed for
clinicians to optimally weigh risks and benefits of preventive
therapies. However, the accuracy and precision of CVD risk
estimation tools require large derivation cohorts with many of
the events in question. Given the relatively recent transition of
HIV to a chronic disease marked by chronic complications,
including CVDs, large-scale data with hard clinical CVD end
points are relatively limited compared with the general pop-
ulation.®” Several studies have evaluated CVD risk estimators
derived in the general population, with the general finding
that these tend to underestimate risk among persons with
HIV. A study of the American College of Cardiology (ACC)/
American Heart Association (AHA) ASCVD Risk Estimator
in a large multicenter US cohort of persons with HIV
demonstrated moderate calibration and consistent under-
prediction of ASCVD risk for persons with HIV, particularly
for black men and in the moderate predicted risk range.®®
Including HIV-specific factors did not improve MI risk pre-
diction in this study. Likewise, a single-center study that
evaluated several risk estimation tools—the ACC/AHA
ASCVD Risk Estimator and 2 Framingham Heart Study—
based risk estimation tools—found systematic underestima-
tion of CVD risk in a cohort of men with HIV.®” Given
concerns that risk estimation tools derived in the general
population may not be appropriate for persons with HIV, the
data collection on adverse effects of anti-HIV drugs study
(D:A:D) group developed a CVD risk estimation model
incorporating  conventional CVD  risk factors and
HIV-specific risk factors such as CD4 count, cumulative PI
and NRTTI exposure, and current abacavir use.®® In an internal
validation, this model demonstrated somewhat better
discrimination than Framingham-based models, although it
was not directly compared with the ACC/AHA ASCVD Risk
Estimator.®® Other studies have incorporated biomarkers such
as soluble CD14 but found only marginal improvement in
discrimination.”” Ultimately, more large-scale data with
consistently adjudicated CVD outcomes are needed to derive
HIV-specific CVD risk prediction equations that perform well
enough to supplant than current general population-derived
ones (eg, the ACC/AHA ASCVD Risk Estimator) in the
routine care of persons with HIV. In the meantime, it is
reasonable to treat the predicted risk from an estimator such as
the ACC/AHA ASCVD Risk Estimator a low-end estimate,
understanding that if certain high-risk HIV-related features
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(eg, low CD4 count or nadir, long duration of uncontrolled
HIV virus, untreated hepatitis B or C co-infection) are pre-
sent, the true ASCVD risk is likely > 1.5% the estimated
risk.®”

One of the reasons underlying the consistent underesti-
mation the ASCVD risk in HIV may be the higher prevalence
of type 2 MI in the HIV population. As discussed previously,
in one multicenter cohort, half of the total MIs were type 2 in
etiology.”” Although most of these type 2 MIs are likely de-
mand ischemia in the setting of increased atherosclerotic
burden and metabolic needs, there may be unexplored path-
ways that increase the risk of MI in HIV-infected adults who
have a concomitant infection.

Despite the increased risk and better understanding of
plaque pathobiology, there is no HIV-specific treatment for
prevention of atherosclerotic disease and MI. ART likely
improves cardiovascular outcomes by decreasing inflammation
and immune activation. Statin therapy has been shown to
reduce both noncalcified plaque volume and number of
vulnerable plaques in HIV-infected adults.”” The Random-
ized Trial to Prevent Vascular Events in HIV (REPRIEVE) is
the first and largest ongoing trial that will help determine
whether HIV-infected adults, who do not meet current in-
dications for statin therapy, will benefit from a moderate-
intensity statin. Perhaps the lack of a new therapy speaks to
the fact that the fundamental mechanisms behind increased
inflammation and immune activation despite ART have not
been fully elucidated. Better understanding of how well-
controlled chronic HIV infection affects the reticuloendo-
thelial system, the gut mucosa, and the gut microbiota may
also shed insight into how to improve prediction models and
develop new therapies.

Conclusion

Chronic HIV infection creates a proinflammatory envi-
ronment through gut mucosa breakdown, immune activation,
and other pathways that are not yet fully explored. This
stimulates atherosclerosis and development of vulnerable
plaque both directly and indirectly by increasing the burden of
cardiovascular risk factors. Along with increased thrombosis
and endothelial and microvascular dysfunction, this leads to a
significantly elevated risks of CAD and MI. Most antiretro-
viral therapies help improve overall cardiovascular outcomes
by effectively treating the HIV infection. However, despite
viremic control, there continues to be ongoing low-level HIV
replication leading to increased inflammation. Further inves-
tigation is needed to understand these pathways to improve
prognostic tools and trial new therapies specific to
HIV-associated CVD.

Funding Sources

Dr Feinstein reports grant funding from the American
Heart Association (16 FTF 31200010) and the National In-
stitutes of Health (P30 Al 117943 Administrative
Supplement).

Disclosures
The authors have no conflicts of interest to disclose.



278

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Rodger AJ, Lodwick R, Schechter M, et al; INSIGHT SMART, ESPRIT
Study Groups. Mortality in well controlled HIV in the continuous an-
tiretroviral therapy arms of the SMART and ESPRIT trials compared
with the general population. AIDS 2013;27:973-9.

. Palella FJ Jr, Baker RK, Moorman AC, et al. Mortality in the highly

active antiretroviral therapy era: changing causes of death and disease in
the HIV outpatient study. ] Acquir Immune Defic Syndr 2006;43:27-34.

. Feinstein MJ, Bahiru E, Achenbach C, et al. Patterns of cardiovascular

mortality for HIV-infected adults in the United States: 1999 to 2013.
Am ] Cardiol 2016;117:214-20.

. Sullivan PS, Jones JS, Baral SD. The global north: HIV epidemiology in

high-income countries. Curr Opin HIV AIDS 2014;9:199-205.

. Triant VA, Lee H, Hadigan C, Grinspoon SK. Increased acute

myocardial infarction rates and cardiovascular risk factors among patients
with human immunodeficiency virus disease. ] Clin Endocrinol Metab
2007;92:2506-12.

. Durand M, Sheehy O, Baril JG, Lelorier J, Tremblay CL. Association

between HIV infection, antiretroviral therapy, and risk of acute
myocardial infarction: a cohort and nested case-control study using
Quebec’s public health insurance database. ] Acquir Immune Defic Syndr
2011;57:245-53.

. Freiberg MS, Chang CC, Kuller LH, et al. HIV infection and the risk of

acute myocardial infarction. JAMA Intern Med 2013;173:614-22.

. Seecheran VK, Giddings SL, Seecheran NA. Acute coronary syndromes

in patients with HIV. Coron Artery Dis 2017;28:166-72.

. Mirza ES, Luthra P, Chirch L. Endocrinological aspects of HIV infection.

] Endocrinol Invest 2018;41:881-99.

Bourgi K, Wanjalla C, Koethe JR. Inflammation and metabolic com-
plications in HIV. Curr HIV/AIDS Rep 2018;15:371-81.

Veloso S, Escote X, Ceperuelo-Mallafre V, et al. Leptin and adiponectin,
but not IL18, are related with insulin resistance in treated HIV-1-infected
patients with lipodystrophy. Cytokine 2012;58:253-60.

Armah KA, Chang CC, Baker JV, et al; Veterans Aging Cohort Study
(VAC) Project Team. Prehypertension, hypertension, and the risk of
acute myocardial infarction in HIV-infected and -uninfected veterans.
Clin Infect Dis 2014;58:121-9.

Fahme SA, Bloomfield GS, Peck R. Hypertension in HIV-infected
adults: novel pathophysiologic mechanisms. Hypertension 2018;72:
44-55.

Riddler SA, Smit E, Cole SR, et al. Impact of HIV infection and HAART
on serum lipids in men. JAMA 2003;289:2978-82.

Phillips AN, Carr A, Neuhaus ], et al. Interruption of antiretroviral
therapy and risk of cardiovascular disease in persons with HIV-1 infec-
tion: exploratory analyses from the SMART trial. Antivir Ther 2008;13:
177-87.

Mdodo R, Frazier EL, Dube SR, et al. Cigarette smoking prevalence
among adults with HIV compared with the general adult population in
the United States: cross-sectional surveys. Ann Intern Med 2015;162:
335-44.

Rahmanian S, Wewers ME, Koletar S, et al. Cigarette smoking in the
HIV-infected population. Proc Am Thorac Soc 2011;8:313-9.

Okeke NL, Chin T, Clement M, Chow SC, Hicks CB. Coronary artery
disease risk reduction in HIV-infected persons: a comparative analysis.

AIDS Care 2016;28:475-82.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Canadian Journal of Cardiology
Volume 35 2019

Henry K, Melroe H, Huebsch J, et al. Severe premature coronary artery
disease with protease inhibitors. Lancet 1998;351:1328.

Behrens G, Schmidt H, Meyer D, Stoll M, Schmidt RE. Vascular
complications associated with use of HIV protease inhibitors. Lancet

1998;351:1958.

Coplan PM, Nikas A, Japour A, et al. Incidence of myocardial infarction
in randomized clinical trials of protease inhibitor-based antiretroviral
therapy: an analysis of four different protease inhibitors. AIDS Res Hum
Retroviruses 2003;19:449-55.

Friis-Moller N, Reiss P, Sabin CA, et al. Class of antiretroviral drugs and
the risk of myocardial infarction. N Engl ] Med 2007;356:1723-35.

Friis-Moller N, Sabin CA, Weber R, et al. Combination antiretroviral
therapy and the risk of myocardial infarction. N Engl ] Med 2003;349:
1993-2003.

Thienemann F, Sliwa K, Rockstroh JK. HIV and the heart: the impact of
antiretroviral therapy: a global perspective. Eur Heart ] 2013;34:
3538-46.

Lang S, Mary-Krause M, Cotte L, et al. Impact of individual antiretro-
viral drugs on the risk of myocardial infarction in human immunodefi-
ciency virus-infected patients: a case-control study nested within the
French Hospital Database on HIV ANRS cohort CO4. Arch Intern Med
2010;170:1228-38.

Lundgren JD, Babiker AG, Gordin F, et al. Initiation of antiretroviral
therapy in early asymptomatic HIV infection. N Engl ] Med 2015;373:
795-807.

Baker JV, Sharma S, Achhra AC, et al; INSIGHT (International
Network for Strategic Initiatives in Global HIV Trials) START (Strategic
Timing of Antiretroviral Treatment) Study Group. Changes in cardio-
vascular disease risk factors with immediate versus deferred antiretroviral
therapy initiation among HIV-positive participants in the START
(Strategic Timing of Antiretroviral Treatment) Trial. ] Am Heart Assoc
2017;6.

Duprez DA, Neuhaus J, Kuller LH, et al. Inflammation, coagulation and
cardiovascular disease in HIV-infected individuals. PLoS One 2012;7:
e44454,

Tabib A, Greenland T, Mercier I, Loire R, Mornex JF. Coronary lesions
in young HIV-positive subjects at necropsy. Lancet 1992;340:730.

Post WS, Budoff M, Kingsley L, et al. Associations between HIV
infection and subclinical coronary atherosclerosis. Ann Intern Med

2014;160:458-67.

Lo J, Abbara S, Shturman L, et al. Increased prevalence of subclinical
coronary atherosclerosis detected by coronary computed tomography
angiography in HIV-infected men. AIDS 2010;24:243-53.

Boccara F, Mary-Krause M, Teiger E, et al; Prognosis of Acute Coronary
Syndrome in HIV-infected patients (PACS) Investigators. Acute coronary
syndrome in human immunodeficiency virus-infected patients: charac-
teristics and 1 year prognosis. Eur Heart ] 2011;32:41-50.

Zanni MV, Abbara S, Lo J, et al. Increased coronary atherosclerotic
plaque vulnerability by coronary computed tomography angiography in
HIV-infected men. AIDS 2013;27:1263-72.

O’Dwyer EJ, Bhamra-Ariza P, Rao S, et al. Lower coronary plaque
burden in patients with HIV presenting with acute coronary syndrome.
Open Heart 2016;3:¢000511.

Hanna DB, Lin J, Post WS, et al. Association of macrophage inflam-
mation biomarkers with progression of subclinical carotid artery athero-
sclerosis in HIV-infected women and men. ] Infect Dis 2017;215:
1352-61.


http://refhub.elsevier.com/S0828-282X(18)31319-9/sref1
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref1
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref1
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref1
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref2
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref2
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref2
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref3
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref3
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref3
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref4
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref4
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref5
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref5
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref5
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref5
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref6
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref6
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref6
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref6
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref6
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref7
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref7
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref8
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref8
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref9
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref9
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref10
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref10
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref11
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref11
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref11
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref12
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref12
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref12
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref12
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref13
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref13
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref13
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref14
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref14
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref15
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref15
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref15
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref15
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref16
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref16
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref16
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref16
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref17
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref17
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref18
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref18
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref18
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref19
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref19
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref20
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref20
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref20
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref21
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref21
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref21
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref21
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref22
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref22
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref23
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref23
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref23
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref24
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref24
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref24
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref25
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref25
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref25
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref25
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref25
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref26
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref26
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref26
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref27
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref27
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref27
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref27
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref27
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref27
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref27
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref28
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref28
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref28
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref29
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref29
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref30
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref30
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref30
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref31
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref31
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref31
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref32
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref32
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref32
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref32
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref33
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref33
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref33
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref34
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref34
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref34
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref35
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref35
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref35
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref35

Sinha and Feinstein
Coronary Artery Disease Manifestations in HIV

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Kearns A, Gordon ], Burdo TH, Qin X. HIV-1-associated atheroscle-
rosis: unraveling the missing link. ] Am Coll Cardiol 2017;69:3084-98.

Quillard T, Franck G, Mawson T, Folco E, Libby P. Mechanisms of
erosion of atherosclerotic plaques. Curr Opin Lipidol 2017;28:434-41.

Delgado-Rizo V, Martinez-Guzman MA, Iniguez-Gutierrez L, et al.
Neutrophil extracellular traps and its implications in inflammation: an
overview. Front Immunol 2017;8:81.

Quillard T, Araujo HA, Franck G, et al. TLR2 and neutrophils poten-
tiate endothelial stress, apoptosis and detachment: implications for su-

perficial erosion. Eur Heart ] 2015;36:1394-404.

Franck G, Mawson T, Sausen G, et al. Flow perturbation mediates
neutrophil recruitment and potentiates endothelial injury via TLR2 in
mice: implications for superficial erosion. Circ Res 2017;121:31-42.

Henrick BM, Yao XD, Rosenthal KL. HIV-1 structural proteins serve as
PAMPs for TLR2 heterodimers significantly increasing infection and
innate immune activation. Front Immunol 2015;6:426.

Cerrato E, Calcagno A, D’Ascenzo F, et al. Cardiovascular disease in HIV
patients: from bench to bedside and backwards. Open Heart 2015;2:
c000174.

Lopez M, San Roman J, Estrada V, et al. Endothelial dysfunction in HIV
infection—the role of circulating endothelial cells, microparticles, endo-
thelial progenitor cells and macrophages. AIDS Rev 2012;14:223-30.

Becker AC, Sliwa K, Stewart S, et al. Acute coronary syndromes in
treatment-naive black South Africans with human immunodeficiency
virus infection. J Interv Cardiol 2010;23:70-7.

Sliwa K, Carrington MJ, Becker A, et al. Contribution of the human
immunodeficiency virus/acquired immunodeficiency syndrome epidemic
to de novo presentations of heart disease in the Heart of Soweto Study
cohort. Eur Heart J 2012;33:866-74.

Crea F, Camici PG, Bairey Merz CN. Coronary microvascular
dysfunction: an update. Eur Heart ] 2014;35:1101-11.

Lerman A, Holmes DR, Herrmann J, Gersh BJ. Microcirculatory
dysfunction in ST-elevation myocardial infarction: cause, consequence,

or both? Eur Heart ] 2007;28:788-97.

Sinha A, Ma Y, Scherzer R, et al. Role of T-cell dysfunction, inflam-
mation, and coagulation in microvascular disease in HIV. ] Am Heart
Assoc 2016;5.

Hsue PY, Giri K, Erickson S, et al. Clinical features of acute coronary
syndromes in patients with human immunodeficiency virus infection.

Circulation 2004;109:316-9.

D’Ascenzo F, Cerrato E, Biondi-Zoccai G, et al. Acute coronary syn-
dromes in human immunodeficiency virus patients: a meta-analysis
investigating adverse event rates and the role of antiretroviral therapy.
Eur Heart ] 2012;33:875-80.

Peyracchia M, De Lio G, Montrucchio C, et al. Evaluation of coronary
features of HIV patients presenting with ACS: The CUORE, a multi-
center study. Atherosclerosis 2018;274:218-26.

D’Ascenzo F, Cerrato E, Appleton D, et al. Prognostic indicators for
recurrent thrombotic events in HIV-infected patients with acute coronary
syndromes: use of registry data from 12 sites in Europe, South Africa and
the United States. Thromb Res 2014;134:558-64.

Crane HM, Paramsothy P, Drozd DR, et al; Centers for AIDS Research
Network of Integrated Clinical Systems (CNICS) Cohort. Types of
Myocardial infarction among human immunodeficiency virus-infected

individuals in the United States. JAMA Cardiol 2017;2:260-7.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

279

Ren X, Trilesskaya M, Kwan DM, et al. Comparison of outcomes using
bare metal versus drug-cluting stents in coronary artery disease patients
with and without human immunodeficiency virus infection. Am ] Car-
diol 2009;104:216-22.

Boccara F, Cohen A, Di Angelantonio E, et al; French Italian Study on
Coronary Artery Disease in AIDS Patients (FRISCA-2). Coronary artery
bypass graft in HIV-infected patients: a multicenter case control study.

Curr HIV Res 2008;6:59-64.

Feinstein MJ, Mitter SS, Yadlapati A, et al. HIV-related myocardial
vulnerability to infarction and coronary artery disease. ] Am Coll Cardiol
2016;68:2026-7.

Feinstein M]J, Poole B, Engel Gonzalez P, et al. Differences by HIV
serostatus in coronary artery disease severity and likelihood of percuta-
neous coronary intervention following stress testing. ] Nucl Cardiol
2018;25:872-83.

Aberg JA, Gallant JE, Ghanem KG, et al. Primary care guidelines for the
management of persons infected with HIV: 2013 update by the HIV
medicine association of the Infectious Diseases Society of America. Clin
Infect Dis 2014;58:¢1-34.

Feinstein MJ, Achenbach CJ, Stone NJ, Lloyd-Jones DM. A systematic
review of the usefulness of statin therapy in HIV-infected patients. Am J
Cardiol 2015;115:1760-6.

Egan G, Hughes CA, Ackman ML. Drug interactions between anti-
platelet or novel oral anticoagulant medications and antiretroviral medi-
cations. Ann Pharmacother 2014;48:734-40.

Lang S, Mary-Krause M, Cotte L, et al; French Hospital Database on
HIV-ANRS CO4. Increased risk of myocardial infarction in HIV-
infected patients in France, relative to the general population. AIDS

2010;24:1228-30.

Womack JA, Chang CC, So-Armah KA, et al. HIV infection and car-
diovascular disease in women. ] Am Heart Assoc 2014;3:¢001035.

Fitch KV, Srinivasa S, Abbara S, et al. Noncalcified coronary athero-
sclerotic plaque and immune activation in HIV-infected women. J Infect
Dis 2013;208:1737-46.

Volpe M, Uglietti A, Castagna A, et al. Cardiovascular disease in women
with HIV-1 infection. Int J Cardiol 2017;241:50-6.

Feinstein M]J. Cardiovascular disease risk assessment in HIV: navigating
data-sparse zones. Heart 2016;102:1157-8.

Feinstein M]J, Nance RM, Drozd DR, et al. Assessing and refining
myocardial infarction risk estimation among patients with human im-
munodeficiency virus: a study by the Centers for AIDS Research
Network of Integrated Clinical Systems. JAMA Cardiol 2017;2:155-62.

Triant VA, Perez J, Regan S, et al. Cardiovascular risk prediction func-
tions underestimate risk in HIV infection. Circulation 2018;137:
2203-14.

Friis-Moller N, Ryom L, Smith C, et al; D:A:D study group. An updated
prediction model of the global risk of cardiovascular disease in HIV-
positive persons: The Data-collection on Adverse Effects of Anti-HIV
Drugs (D:A:D) study. Eur J Prev Cardiol 2016;23:214-23.

Lo J, Lu MT, Ihenachor EJ, et al. Effects of statin therapy on coronary
artery plaque volume and high-risk plaque morphology in HIV-infected
patients with subclinical atherosclerosis: a randomised, double-blind,
placebo-controlled trial. Lancet HIV 2015;2:¢52-63.


http://refhub.elsevier.com/S0828-282X(18)31319-9/sref36
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref36
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref37
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref37
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref38
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref38
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref38
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref39
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref39
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref39
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref40
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref40
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref40
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref41
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref41
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref41
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref42
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref42
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref42
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref43
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref43
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref43
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref44
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref44
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref44
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref45
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref45
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref45
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref45
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref46
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref46
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref47
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref47
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref47
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref48
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref48
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref48
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref49
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref49
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref49
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref50
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref50
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref50
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref50
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref51
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref51
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref51
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref52
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref52
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref52
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref52
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref53
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref53
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref53
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref53
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref54
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref54
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref54
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref54
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref55
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref55
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref55
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref55
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref56
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref56
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref56
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref57
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref57
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref57
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref57
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref58
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref58
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref58
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref58
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref59
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref59
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref59
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref60
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref60
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref60
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref61
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref61
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref61
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref61
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref62
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref62
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref63
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref63
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref63
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref64
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref64
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref65
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref65
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref66
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref66
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref66
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref66
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref67
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref67
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref67
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref68
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref68
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref68
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref68
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref69
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref69
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref69
http://refhub.elsevier.com/S0828-282X(18)31319-9/sref69

	Coronary Artery Disease Manifestations in HIV: What, How, and Why
	Traditional CAD Risk Factors in HIV
	Antiretroviral Therapy and Risk of CAD
	Pathophysiology and Related Manifestations of CAD in HIV
	Plaque rupture
	Plaque erosion
	Thrombosis and microvascular dysfunction

	Presentation and Outcomes of CAD and ACS in HIV
	CAD in HIV-Infected Women
	CAD Risk Prediction and Treatment
	Conclusion
	Funding Sources
	Disclosures
	References


