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Summary

A number of studies suggest that HIV-infected individuals have an elevated risk of cardiovascular
disease (CVD), especially coronary heart disease, compared to the HIV-uninfected population.
People living with HIV have an increased prevalence of traditional CVD risk factors but HIV-
specific mechanisms such as immune activation and antiretroviral therapy also play critical roles.
Although older, more metabolically harmful antiretroviral regimens likely contributed to the risk
of cardiovascular disease, emerging data suggest that the overall effect of early and continuous use
of modern regimens, which may have fewer metabolic consequences, minimizes the risk of
myocardial infarction by maintaining viral suppression and decreasing immune activation. Even
with antiretroviral therapy, however, immune activation persists in HIV-infected individuals and
may contribute to accelerated atherosclerosis, especially of vulnerable coronary lesions that
predispose to myocardial infarction. Thus, therapies that safely reduce inflammation in the HIV
population may provide additional cardiovascular protection alongside treatment of both
traditional and other, non-traditional risk factors.
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Introduction

The estimated HIV-infected population totals 36-9 million people. In higher-income
countries, up to one third of the HIV-infected population is 50 years or older, whereas this
age group comprises roughly 10% of the HIV-infected population in low to middle-income
areas. As access to combination antiretroviral therapy (CART) has improved throughout the
world, mortality, including AIDS-related mortality, is declining.! Several studies conducted
in the era of CART suggest that the major causes of death are now non-AlIDS related.
Cardiovascular disease (CVD) has become one of the leading causes of non-AlIDS related
morbidity and mortality, and, as seen in the general population, CVD event rates increase
with age.2 Thus, as CART use continues to expand and patients grow older, the incidence of
CVD will likely rise unless effective management strategies are developed.3

In areas with access to CART, the focus of care has changed from treating diseases related to
immunodeficiency to managing chronic conditions like atherosclerosis. Coronary heart
disease (CHD), for example, has become the leading cause of CVD in this patient
population in developed countries.* > Although traditional risk factors for CVD are more
prevalent in patients with HIV, several epidemiologic studies have shown an increased risk
of about 50 to 100% for CHD associated with HIV infection despite controlling for
traditional risk factors (see Figure 1).6-13 This suggests that HIV-related mechanisms
contribute to CVD risk as well. One limitation of several of these studies is that event rates
were low, likely as a result of insufficient follow-up time for a relatively young HIV
population.

As a result, many investigators have utilized non-invasive imaging of the carotid and
coronary arteries to evaluate subclinical disease.}* Techniques have included assessment of
carotid intima-media thickness (CIMT), intra-luminal plaque visualization with coronary
computed tomography angiography (cCTA), and coronary artery calcium (CAC) scoring, the
latter of which has also gained some acceptance as a clinical screening tool to assess CVD
risk.1> Most studies evaluating CIMT in asymptomatic individuals have shown an increase
in subclinical atherosclerosis in HIV-infected patients compared to uninfected controls.16. 17
On the other hand, a meta-analysis of five studies assessing coronary artery calcium reported
no significant difference between HIV-infected and uninfected individuals.18 Not all
coronary lesions, however, are calcified. Thus, cCTA has provided additional insight, as it
can detect both non-calcified and calcified plaque as well as visualize intra-luminal plaque
morphology. Several studies utilizing cCTA have shown a higher prevalence of subclinical
coronary atherosclerosis and an increased burden of coronary plaque, especially non-
calcified plaque, in HIV-infected patients compared to uninfected controls, even after
controlling for traditional CVD risk factors.18: 19 These data suggest that factors related to
HIV infection may accelerate the development of coronary atherosclerosis. Moreover, in
addition to accelerated disease, cCTA has also shown differences in plague morphology
between HIV-infected and uninfected populations, including an increased prevalence of
high-risk morphologic features that have been associated with increased rates of Ml in the
general population.2%: 21 Qverall, data from non-invasive imaging suggest HIV-specific
mechanisms likely play a significant role in accelerating a unique atherosclerotic phenotype
with altered plague morphology that is potentially more vulnerable to rupture. This review
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will discuss the roles of both traditional and non-traditional, HIV-specific risk factors in
atherosclerotic development and illustrate the emerging paradigm regarding pathogenesis of
plaque formation (see Figure 2). We will then review management strategies for CVD in this
patient population.

Traditional Risk Factors

Modifiable traditional CVD risk factors such as smoking, hypertension, diabetes, and
dyslipidemia are more prevalent in the HIV population. For example, most studies that have
included uninfected controls have shown a higher prevalence of modifiable CVD risk factors
in HIV-infected patients. In a large retrospective study of a U.S. healthcare system, Triant et
al reported a higher prevalence of diabetes (11-5 vs. 6:6%), dyslipidemia (23-3 vs. 17-6%),
and hypertension (21-2 vs. 15-9%) in patients with HIV compared to patients without HIV
(p<0-0001 for each comparison).8 Similarly, the prevalence of smoking is higher in the HIV-
infected population and is estimated to be about 32-60%.22: 23

Despite an emerging pattern of increased CVD risk factors in HIV patients, actual
prevalence estimates differ from study to study. This variation is likely due to differences in
the patient populations evaluated and definitions used for risk factor cut-offs. For example,
several studies of large cohorts within the U.S. estimated the prevalence of diabetes among
HIV-infected individuals at about 11-15%.8: 24. 25 |n contrast, data from primarily European
cohorts, including the large Data Collection of Adverse Events of Anti-HIV Drugs (D:A:D)
study, estimated the prevalence of diabetes among HIV-infected patients at about 3-5%.26-28
The difference between estimates of diabetes prevalence between the U.S. and Europe are
likely a result of dissimilar definitions for diabetes among the various studies and specific
social and demographic factors unique to each location, such as body mass index which
tended to be higher in the U.S. based studies. In addition to diabetes, the Strategic Timing of
Antiretroviral Treatment (START) trial, a study conducted in thirty-five countries, reported
that the prevalence of other modifiable CVD risk factors including smoking, hypertension,
and dyslipidemia also varied by regional location.22

The effects of older cART on dyslipidemia, lipodystrophy, and diabetes likely contributed to
the increased prevalence of these risk factors in HIV-infected patients, but this effect may be
declining as newer medications appear to have less metabolic consequences. In general,
older classes of CART such as non-nucleoside reverse transcriptase inhibitors (NNRTIs),
nucleoside reverse transcriptase inhibitors (NRTIs), and protease inhibitors (PIs) have been
extensively studied for their impact on metabolic function. As a result, the utilization of
specific medications that have been associated with adverse metabolic effects has declined
with time. Newer agents within these classes and newer classes of drugs such as entry
inhibitors, fusion inhibitors, and integrase inhibitors have not been studied as thoroughly but
major metabolic consequences have not yet been identified.

The increased prevalence of traditional risk factors in HIV-infected individuals has been
associated with an increased risk of CHD. In the D:A:D cohort, dyslipidemia and diabetes
were significantly associated with an increased risk of myocardial infarction (MI),2%: 30 and
in the study by Triant et al., hypertension, dyslipidemia, and diabetes were estimated to
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account for about 25% of the excess M1 risk in HIV-infected patients.8 Furthermore, a
Danish cohort study reported an increased risk of Ml in HIV-infected individuals who were
currently smoking.3! In the Veterans Aging Cohort Study Virtual Cohort, Paisible et al.
investigated the effect of four traditional CVD risk factors—current smoking, diabetes,
blood pressure/anti-hypertensive medication use, total cholesterol/statin use—on CHD and
showed that patients with HIV had a step-wise increase in the risk of M1 with an adjusted
hazard ratio of 2-0 (95% CI 1.2-3-1) for those with 1 major CVD risk factor and 36 (95%
Cl 2:0 to 6-2) for those with 3+ major risk factors. In addition, they reported that HIV-
infected veterans had higher rates of MI than uninfected veterans with the same CVD risk
factor profile,13 implicating an effect of HIV-related mechanisms on CHD.

Effect of cART on CVD Risk

The D:A:D study prospectively investigated 23,468 HIV-infected patients living in Europe,
Australia, and the United States for incident MI. They reported an adjusted relative rate of
MI per year of Pl exposure of 1-10 (95% CI 1.04-1-18) despite controlling for traditional
risk factors.32 This association, however, does not appear to be a class effect. Older cCART
regimens containing the PlIs, lopinavir-ritonavir or indinavir, for example, have been linked
to an increased rate of M133 while use of other, more contemporary Pls such as atazanavir
have shown no increased risk,3* or as with darunavir, are still under investigation. The
observation that some newer Pls appear to have no association with CVD may be a result of
fewer associated cardiometabolic side effects, more aggressive treatment of traditional CVD
risk factors in the modern era, or insufficient observational time in current studies for
complications to have developed. Additionally, some newer Pls may also have
cardioprotective effects that minimize harm such as atazanavir-ritonavir, which was shown
to slow the rate of CIMT progression compared with darunavir-ritonavir, possibly as a result
of increased bilirubin levels.3®

The D:A:D study also reported an increased risk of MI with recent use of the NRTIs,
didanosine and abacavir, but not other NRTIs such as tenofovir, zidovudine, stavudine, or
lamivudine.33 In a secondary analysis of the SMART study, abacavir, but not didanosine,
was associated with an increased risk of M1.36 Some studies have also reported increased
rates of CVD related to abacavir use, including two recent publications from the large Swiss
HIV Cohort and U.S. Veterans Health Administration Clinical Case registry,37-3° while
others, including two meta-analyses, have shown no such relationship.#%- 41 Thus, whether
abacavir increases the risk of CVD remains unclear.

Despite the concerns that older cART regimens may exacerbate CVD, there is a growing
body of literature suggesting continuous use, and possibly early initiation, of modern cART
regimens could actually decrease CVD in patients with HIV. The SMART trial randomized
HIV-infected patients with a CD4 T-cell count > 350 cells/uL to either continuous cART or
intermittent therapy based on CD4 T-cell counts. Sensitivity analysis revealed that the
intermittent cART group had an elevated risk of CVD events compared to the continuous
CART group with a hazard ratio of 1-57 (95% CI 1.00-2-46, p=0.05).42 This suggests that
despite greater exposure to CART, continuous viral suppression may be more beneficial in
preventing CVD, possibly due to reductions in proinflammatory cytokines that are related to
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atherosclerosis.*3-> Furthermore, evidence that earlier commencement of CART may
decrease CVD risk comes from studies that have shown that lower CD4 counts, lower nadir
CD4 counts, and increased viremia—which are all associated with delayed initiation of
cART—result in higher rates of MI1.46: 47 It is important to note, however, that not all studies
have confirmed these findings, including analysis of the D:A:D cohort.48

The recently published START trial was a randomized controlled trial investigating effects
of starting cCART at CD4 T-cell counts > 500 cells/uL versus delayed therapy at CD4 T-cell
counts < 350 cells/uL. The trial was ended early as an interim analysis showed a significant
decrease in serious AIDS and non-AlDS related events and death in the early treatment
group with a hazard ratio of 0-43 (95% CI 0-3-0-62).4° Although CVD events were not
significantly different between the two groups, event rates were lower than predicted,
possibly related to the younger age of the population (median age was 36 years-old), and the
study was stopped early, resulting in insufficient statistical power to detect potential benefits
in CVD at this time. As a result, further research is needed to determine whether earlier
initiation of CART protects against CVD. Strategies employing newer CART may permit
earlier and sustained virological control and reduction in immune activation, with less
metabolic effects, suggesting a potentially greater net benefit on CVD. Nonetheless, as
discussed below, immune activation may persist even with effective cART, suggesting the
possible need for additional strategies that address ongoing inflammation and immune
activation.

Immune activation and cardiovascular disease

T-cells

The immune system plays a central role in the development of atherosclerosis, especially
monocytes/macrophages and T-cells. Patients with HIV have increased markers of
inflammation/immune activation, some of which have been related to measures of
atherosclerosis (see Table 1). cART attenuates this heightened stimulation but does not
completely resolve it. The source of continued immune activation despite CART is still under
investigation but is likely multifactorial. Thus, in addition to CART, therapies targeting
immune activation may provide benefit in reducing the risk of CVD.

In 2003, Hunt et al reported that cCART treated subjects with viral suppression had a lower
median percentage of activated T-cells compared to untreated patients, which remained
higher when compared to uninfected controls.6® As discussed above, the SMART trial
revealed that antiretroviral therapy interruption may increase the risk of CVD, and in a
separate study, Tebas et al. showed that treatment interruption also results in increased levels
of T-cell activation.8” However, whether T-cell activation leads to the increased risk of Ml
remains uncertain. In cross-sectional studies, activated T-cells have been associated with
CIMT.52.63 On the other hand, Tenorio et al reported no relationship between T-cell
activation and non-AIDS defining events including myocardial infarction.** Thus, further
research is needed to determine whether T-cell activation leads to an increased risk of Ml in
HIV-infected patients.
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Monocytes/Macrophages

In humans, monocyte subsets have been classified as classical, intermediate/inflammatory;,
and nonclassical/patrolling based on their expression of CD14 and CD16. Some of these
subsets are thought to be “proatherogenic.” In the general population, intermediate
monocytes independently predict cardiovascular events,®8 and patients with acute coronary
syndrome have increased percentages of intermediate and nonclassical monocytes with
elevated tissue factor expression, a procoagulant molecule. This expression profile has also
been shown to exist in patients with HIV,59 suggesting that HIV infection results in an
environment with more proatherogenic monocytes, which in turn increases the risk of CHD.
Furthermore, soluble CD14 (sCD14), a monocyte/macrophage activation marker that is
elevated in HIV-infected patients, is associated with subclinical atherosclerosis and clinical
CVD events and independently predicts all-cause mortality in HIV-infected

subjects.53: 54,59, 60 Additionally, soluble CD163 (sCD163), another marker of monocyte/
macrophage activation that is elevated with HIV infection, has been associated with arterial
inflammation on FDG-PET/CT and subclinical atherosclerosis on cCTA in HIV-infected
subjects.20: 54,58, 70 These studies implicate a role for monocyte/macrophage activation in
the development of CVD in HIV-infected patients.

HIV infection may accelerate atherosclerotic development not only through monocyte/
macrophage activation but through macrophage dysfunction as well. Removal of cholesterol
from macrophages to high-density lipoprotein (HDL) is known as reverse cholesterol
transport and is thought to protect against plaque development. One of the initial steps in this
process involves the cholesterol efflux capacity (CEC) of macrophages. In vitro experiments
have shown that the HIV protein, Nef, can impair CEC by down-regulating ATP-binding
cassette transporter A1 (ABCA-1).” HIV-infected patients have reduced ABCA-1
dependent plasma CEC compared to uninfected controls 72 and initiation of CART restores
CEC.7

Continued Immune Activation in cART-treated HIV-infected patients

There are multiple possible explanations for the increased immune activation in HIV despite
treatment with cART, including co-infection, low-levels of ongoing viral replication, and
microbial translocation. For example, hepatitis C co-infection has been associated with
elevated SCD163 levels and an increased risk of MI74 7> whereas low-levels of ongoing HIV
viral replication have been associated with increased levels of SCD163 and T-cell
activation.%6: 74 Furthermore, microbial translocation across the gastrointestinal system has
become an active area of investigation as another source of continued inflammation in
patients with HIV. Brenchley et al demonstrated that HIV-infected patients have elevated
levels of lipopolysaccharide (LPS), a component of gram-negative bacteria, that likely
originated from translocation across the gastrointestinal system. Initiation of CART resulted
in a decline in LPS levels that remained elevated compared to uninfected controls.”® LPS
levels in HIV-infected patients on CART have been associated with progression of cIMT,>3
suggesting a potential relationship between microbial translocation and atherosclerosis. In
addition, Srinivasa et al demonstrated a relationship between trimethylamine, a product of
gastrointestinal bacterial metabolism of certain nutrients, and coronary plaque burden on
cCTA in patients with HIV.”7 Together, these data suggest that HIV-infected patients have
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ongoing translocation of microbial products across a “leaky” gastrointestinal system despite
CART, resulting in chronic immune activation and promotion of atherosclerosis.

Lessons from Elite Controller Data

Studies from elite controllers, a rare subset of the HIV-infected population that maintains
viral control without cART, have shed light on the role of cCART and persistent immune
activation with respect to CVD in HIV. Two studies evaluating elite controllers have reported
a higher prevalence of CIMT and coronary plaque on cCTA compared to uninfected controls
along with elevated levels of C-reactive protein, sCD14, and sCD163.78: 79 Collectively,
these studies suggest that even HIV-infected individuals who have never been exposed to
cART may have accelerated atherosclerosis, which is likely a result of heightened immune
activation and cannot be attributed to any cardiometabolic effects of CART.

Immune Activation and Unique Plaque Characteristics in Patients with HIV

Cardiac imaging has provided a non-invasive tool to study the progression and morphology
of atherosclerosis. Utilizing modalities such as cCTA and FDG-PET/CT, immune activation
has been associated with coronary plaque that possesses characteristics suggesting
vulnerability to rupture among HIV-infected patients. FDG-PET/CT can measure FDG-
uptake in arterial walls as a tool to estimate arterial inflammation, which has been associated
with risk of incident CVD in the general population.89 Distribution of FDG within coronary
plaques has been shown to be predominantly in macrophages between the lipid core and
fibrous cap and associated with areas of atherosclerosis.81 In a cross-sectional study of HIV-
infected patients on cART without known CVD, Subramanian et al showed increased arterial
inflammation measured by FDG uptake compared to uninfected controls matched by
Framingham Risk score (see Figure 3A). They reported that the level of arterial
inflammation equaled uninfected subjects with known atherosclerosis and was associated
with sCD163.70 cCTA has also demonstrated increased rates of subclinical atherosclerosis
among HIV-infected patients, especially prevalence of non-calcified plaques, which may be
more prone to rupture (see Figure 3B and 3C).18: 19 In non-HIV studies, high risk plaques
are often non-calcified and associated with four vulnerability features on cCTA—Ilow
attenuation, napkin ring sign, positive remodeling, and spotty calcification—and these
characteristics along with plague volume have been associated with culprit lesions in acute
coronary syndrome.82 In HIV-infected patients, low attenuation plaques and positively
remodeled plaques are increased when compared to HIV-negative controls matched for CVD
risk factors.20 These vulnerability features in patients with HIV have been associated with
increased arterial inflammation on FDG-PET/CT as well.83 These data taken together
suggest that chronic immune activation among HIV-infected subjects may contribute to
accelerated formation of high risk, inflamed plaque that is vulnerable to rupture.

Management

Current Challenges

One of the primary issues concerning prevention of heart disease in HIV-infected individuals
is first creating a method to adequately identify HIV-infected patients at risk for CVD who
would benefit from primary prevention. Some studies suggest that traditional risk scores
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may underestimate the risk of CVD accurately in this patient population.84 Zanni et al
reported that based on the 2013 ACC/AHA cholesterol guidelines, more HIV-infected
patients with high risk morphology plaque on cCTA would receive statins compared to the
2004 ATP 111 guidelines, but 74% would still not be prescribed a statin.85 Furthermore,
Metkus et al reported that even when the CAC score is zero, patients with HIV have more
non-calcified plagque compared to uninfected controls independent of traditional risk factors,
suggesting that the CAC score may underestimate plaque burden in this population.8®
Traditional methods of screening for CVD may underestimate patients at risk because they
do not take into account the non-traditional risk factors involved in the development of
atherosclerosis. HIV-specific risk calculators have been created®’ but require further
corroboration with additional cohorts. Importantly, prospective studies are needed to assess
the performance of the prediction calculators embedded in the new 2103 ACC/AHA
guidelines, developed for the general population, to determine if they accurately predict
CVD in HIV.

In light of the START trial mentioned above,® an increased proportion of HIV-infected
patients will likely be placed on cART regimens sooner in their clinical course. The impact
of early initiation of cART on cardiovascular disease, however, remains uncertain and will
require additional investigation, although continued follow-up of this cohort may provide an
answer. Furthermore, the safety and efficacy of current treatment strategies used in the
general population for prevention of CVD require validation in this distinct population as
novel factors such as drug interactions and unique atherosclerotic mechanisms may play
critical roles. As discussed above, therapies that target immune activation may provide
additional benefit in treating CVD but additional research will be required to avoid
detrimental immune suppression in this population at risk of immunodeficiency.

Managing Traditional CVD risk factors

Smoking

The Infectious Disease Society of America and the European AIDS Clinical Society have
produced guidelines for monitoring traditional CVD risk factors including modifiable risk
factors such as smoking, hypertension, diabetes, and dyslipidemia.88: 8% Some evidence
suggests that identification and treatment of traditional CVD risk factors may have a
profound impact on the risk of Ml in patients with HIV. In a large, retrospective study of
HIV patients in the Kaiser Permanente health care system in California, Klein et al reported
a declining risk of M1 over time in HIV-infected patients in conjunction with increased
prescriptions for lipid lowering and hypertensive treatment and better control of HIV disease
with cART. Importantly, the risk of MI was equivalent between HIV-infected and uninfected
individuals in the most recent year of the study (2010-2011), during which time HIV-
infected patients had a lower Framingham Risk score compared with HIV-negative
controls.9% These findings require validation in other cohorts but suggest implementation of
current therapies could have a substantial benefit in reducing CHD in people living with
HIV.

Smoking cessation has a profound impact in reducing CVD in patients with HIV. Current
estimates suggest that smoking cessation could lead to a 42% decrease in Ml in HIV-
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infected patients.3! In the D:A:D study cohort, the incidence rate ratios for cardiovascular
events declined from 2-32 (95% CI 1-69-3-18) within one year following smoking cessation
to 149 (95% CI 0-99-2.44) after three or more years compared to those who never
smoked.®1 Furthermore, smoking cessation could also reduce mortality as in one study, HIV
current smokers had a CVD-related mortality rate ratio (MRR) of 8-82 (95% CI 1.15-67.8)
whereas previous smokers had an MRR of 4-55 (95%CI 0-55-37-6) compared to never
smokers.92 Thus, developing successful management strategies to help HIV-infected patients
to quit smoking is important in reducing CVD and mortality in this patient population.
Studies are currently underway to identify effective strategies to help patients to quit
smoking®3 but additional, larger trials are needed to determine safety and efficacy of current
therapies for smoking cessation in HIV-infected patients.

Lipodystrophy

Lipodystrophy refers to the development of central lipohypertrophy, especially of visceral
adipose tissue and the dorsocervical fat pad, as well as peripheral lipoatrophy of
subcutaneous fat of the face and extremities. Risk factors for developing lipodystrophy
include increasing age and cumulative cART exposure, particular Pls and thymidine NRTIs
such as zidovudine and stavudine.%* 95 Lipodystrophy may predispose patients to adverse
metabolic consequences such as insulin resistance, dyslipidemia, and coronary artery
disease, partly due to accumulation of harmful fat depots such as visceral and epicardial
adipose tissue.96-99 Management of lipodystrophy primarily consists of avoiding offending
CART regimens, especially as more recently developed anti-retroviral therapies appear to be
less likely to promote lipodystrophy. In addition, tesamorelin, a synthetic growth-hormone
releasing hormone analogue, may also be used as it has been shown to reduce visceral
adiposity and liver fat and improve lipids and quality of life in patients with HIV,100. 101 pyt
an effect on CVD has yet to be determined. Tesamorelin is currently approved in the United
States and Canada for treatment of abdominal fat accumulation in HIV lipodystrophy.

Diabetes, Hypertension, and Dyslipidemia

Currently, there have been no large, randomized, prospective clinical trials in HIV-infected
patients investigating potential benefit of specific therapies for traditional risk factors on
CVD-related clinical events. As a result, there are no HIV-specific guidelines regarding
treatment of these traditional risk factors, and general guidelines are often applied to the
HIV-infected population while taking potential drug interactions with CART medications
into account.

Nonetheless, important information has been gleaned from randomized controlled trials
assessing treatments for insulin resistance in HIV. Metformin, for example, has been shown
to improve insulin resistance in most studies of HIV-infected patients with positive effects
on some related fibrinolytic inflammatory markers, including plasminogen activator
inhibitor-1 and tissue type plasminogen activator, and may be useful for HIV-infected
patients with increased glucose.102 103 Glitazones have also been shown to improve glucose
in HIV, but the use of this class is controversial with respect to CVD.1%4 Although
management of hyperglycemia is largely the same as in the general population, it is
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important to note that hemoglobin Alc may underestimate fasting glucose in HIV-infected
patients.10°

Large randomized trials of antihypertensive therapy have not been performed among HIV-
infected patients, but initial studies suggest increased activation of the renin-angiotensin-
aldosterone system in HIV, which may be a target for therapy in this population with
potential effects on blood pressure, insulin, and inflammation.196 Exercise and lifestyle
modification may also have salutary effects on traditional metabolic parameters, such as
glucose and blood pressure, in HIV and should be considered first when advising on CVD
prevention.107

Numerous studies have shown effects of lipid lowering agents such as fibrates, niacin, and
fish oil to reduce triglycerides,198. 109 byt a link to reduction in CVD events has not been
definitively established in HIV. Given the unique pathophysiology of CVD in patients with
HIV involving heightened immune activation, strategies that affect traditional and non-
traditional, inflammatory pathways may have a comparative advantage in decreasing CVD-
risk in this patient population. Statins in particular are of great interest as they are considered
to also have immunomodulatory effects that could provide additional benefit in managing
CVD in patients with HIV. In the general population, newer guidelines also focus on the use
of statins, as the most relevant strategy to reduce CVD events.110

Statins are well known for their ability to lower cholesterol levels, especially low density
lipoprotein (LDL), and for their efficacy in primary and secondary prevention of CVD in the
general population. Statins also possess anti-inflammatory properties that may contribute to
their cardioprotective benefits. In 2008, the JUPITER trial reported results of a randomized
placebo-controlled clinical trial of rosuvastatin in non-HIV-infected patients with LDL levels
of less than 3-37 mmol/L but with hs-CRP levels of greater than 2 mg/L, indicating
heightened inflammation. They found that statin therapy reduced cardiovascular events with
a hazard ratio of 0-56 (95% CI 0-46-0-69) alongside reductions in hs-CRP and LDL.111 In
comparison, a meta-analysis that primarily reviewed statin trials using LDL cholesterol
criteria for enrollment reported about a 20% reduction in vascular events for every 1 mmol/L
reduction in LDL,112 an effect that would have predicted a 25% lowering of events in the
JUPITER trial. The observed effect, however, was almost doubled the predicted effect. Since
the trial primarily enrolled patients based on elevated hs-CRP rather than elevated LDL,
these data suggest a potential anti-inflammatory action of statins added to cardioprotection
in a cohort with heightened inflammation. Nonetheless, the degree to which statins may
decrease CVD through traditional and anti-inflammatory actions remains unknown and an
important focus of current research.

Statin therapy may also be effective in reducing immune activation in the HIV population.
Statins have been shown to lower sCD14 levels, decrease nonclassical monocytes and tissue
factor expression, reduce macrophage derived phospholipase Lp-PLA2, and decrease T-cell
activation in patients with HIV.113 Thus, statin therapy improves several markers of immune
activation in HIV-infected patients, which in turn have been associated with subclinical
atherosclerosis and CVD events, suggesting statins may also be efficacious in preventing
CVD in this patient population.
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Table 2 lists several trials that have investigated the effects of statins on mortality and
atherosclerosis in HIV-infected patients. Statin therapy has been shown to decrease all-cause
mortality in a non-randomized study of HIV-infected individuals.116 Lo et al also reported
findings from a 12-month randomized controlled trial of atorvastatin in patients with HIV on
cART. They showed significant reductions in the statin treated arm in total plague volume,
non-calcified plague volume, low attenuation plaque, and positively remodeled plaque.120
Furthermore, in a non-randomized, observational study, 24 months of rosuvastatin therapy
reduced cIMT,117 and a randomized, placebo-controlled trial with rosuvastatin for 96 weeks
showed reduced progression in cIMT.121 Despite these promising results, however, all trials
to date have either been small, retrospective, or performed with nonclinical endpoints (i.e.,
subclinical atherosclerosis). Thus, a large randomized trial is needed to definitely assess
whether statins lower mortality and protect against CVD in HIV-infected patients. As a
result, the multi-center, randomized, placebo-controlled REPRIEVE trial has been initiated
to determine potential benefits of statin therapy in preventing cardiovascular disease in HIV-
infected individuals.124 This large 6,500 person trial will assess effects on major adverse
cardiovascular events (MACE) and will include a mechanistic study to also assess effects on
plaque and immune function.

There are potential concerns regarding the safety of statins in this patient population given
drug interactions with certain CART regimens. Fortunately, data thus far suggest statin use is
generally safe. Statins have no significant effect on CD4 T-cell counts and viral load.125 In
regards to drug-drug interactions with cART, some PIs inhibit while certain NNRTIs induce
cytochrome P450 CYP3A4. Thus, these medications can interfere with specific statins such
as simvastatin, which is contraindicated with Pl use, and to a lesser extent, atorvastatin.
Randomized trials in patients with HIV and a large retrospective study comparing lipid
lowering therapy in HIV-infected versus HIV-uninfected patients showed that statins in
general led to few, if any, serious adverse events.120. 126-128 Fyrthermore, some newer statins
that are not metabolized by cytochrome P450 CYP3A4 appear to have minimal to no drug-
drug interactions such as pitavastatin. In fact, pitavastatin is primarily metabolized by
glucuronidation and pharmacokinetic studies suggest minimal interactions with Pls or
NNRTIs.12% The safety of pitavastatin in this patient population will also be further
evaluated in the REPRIEVE trial.

Immune Activation

Given the emerging role of immune activation in CVD in this patient population, several
investigators are currently exploring therapies targeting inflammation or suspected
mechanisms of continued immune activation such as microbial translocation. Sevelamer, a
phosphate lowering medication, has been shown to reduce markers of inflammation and
microbial translocation in non-HIV patients with renal insufficiency3 but did not do so in
an 8-week trial in untreated HIV-patients.231 There were reductions in other factors related
to CVD such as D-dimer, LDL, and oxidized LDL, and thus, further studies with sevelamer
may show a cardioprotective effect. Additionally, in a 12-week randomized placebo-
controlled trial in HIV-infected patients on cART, investigators found that probiotics led to a
decrease in LPS-binding protein levels,132 suggesting that probiotics may decrease microbial
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translocation. Additional studies, however, are needed to further explore potential benefits of
sevelamer, probiotics, and other therapeutic strategies in reducing atherosclerosis.

Investigators are also exploring a possible role of anti-inflammatory agents in HIV with the
hope of controlling immune activation without losing viremic control. For example,
methotrexate is currently being studied at low doses for safety and efficacy in reducing
inflammation in CART treated HIV-infected patients.133 In addition, certain anti-viral
medications such as CCR5 antagonists may possess therapeutic benefits specific for
atherosclerosis in patients with HIV. CCR5 is a chemokine receptor on macrophages, T-
cells, and other immune cells. A study comparing HIV-infected patients classified as
atherosclerotic progressors versus non-progressors based on changes in CIMT over 2 years
reported a significant association between progression and CCR5 mRNA expression in
leukocytes.134 Administration of a CCR5 antagonist to ritonavir-treated, atherosclerotic-
prone mice led to inhibition of atherosclerotic progression by preventing macrophage
infiltration into plaques.3° Studies in humans involving CCR5 antagonists on
cardiovascular endpoints, however, are still needed as randomized trials have reported
differing results regarding the effects of maraviroc, a CCR5 antagonist, on reducing immune
activation.136. 137

Conclusion

As HIV-infected patients live longer on cART, the impact of CVD on morbidity and
mortality will likely worsen unless effective management strategies are developed.
Currently, HIV-infected individuals have an increased risk of cardiovascular disease,
especially CHD, compared to uninfected controls. An increased prevalence of traditional
risk factors is seen among HIV patients. Studies also suggest that non-traditional, HIV-
specific risk factors may play a critical role. Although older cCART regimens may result in
more adverse metabolic effects and may contribute to the risk of CVD, early and continuous
use of modern cART regimens may help minimize the risk of MI by maintaining viral
suppression and decreasing immune activation. Nonetheless, data suggests that immune
activation persists to a degree among HIV-infected patients on cART, potentially
contributing to accelerated and vulnerable coronary atherosclerotic plague morphology more
prone to rupture and resulting MI. A comprehensive management strategy to prevent CVD
in HIV will likely require addressing traditional risk factors as well as non-traditional, HIV-
specific mechanisms such as immune activation and inflammation.
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Search Strategy and Selection Criteria

We searched the authors’ personal files in addition to Pubmed and Google Scholar using
the search term “HIV” along with one or several of the following terms: atherosclerosis,
subclinical atherosclerosis, cardiovascular disease, coronary heart disease, myocardial
infarction, acute coronary syndrome, metabolic, traditional risk factors, smoking,
hypertension, blood pressure, diabetes, insulin resistance, dyslipidemia, lipodystrophy,
reverse cholesterol transport, cholesterol efflux capacity, lipids, antiretroviral therapy,
ART initiation, ART interruption, delayed ART, early ART, ART naive, ART treated,
protease inhibitor, nucleoside reverse transcriptase inhibitor, non-nucleoside reverse
transcriptase inhibitor, entry inhibitor, fusion inhibitor, integrase inhibitor, immune
activation, inflammation, biomarkers, monocytes, macrophages, T-cells, co-infection,
microbial translocation, viral replication, coronary computed tomography angiography,
coronary artery calcium, carotid intima-media thickness, carotid ultrasound, non-calcified
plaque, calcified plaque, mixed plaque, vulnerable plaque, high-risk plaque, low
attenuation plaque, positively remodeled plaque, spotty calcified plaque, napkin ring sign,
carotid intima-media thickness, flow-mediated dilation, FDG-PET, FDG, arterial
inflammation, cardiovascular risk prediction, cardiovascular risk calculators, smoking
cessation, quit smoking, metformin, glitazones, lifestyle modification, exercise, diet,
renin, angiotensin, aldosterone, statins, tesamorelin, CCR5 antagonists, methotrexate,
probiotics, sevelamer. There were no date restrictions. Full-text, original articles and
reviews resulting from these searches and relevant references cited in those articles were
reviewed. UNAIDS and WHO were also reviewed for relevant HIV global statistics.
Relevant abstracts from the 2015 and 2014 Conference on Retroviruses and
Opportunistic Infections were also included. We also searched ClinicalTrials.gov for
ongoing clinical trials of HIV and immune activation or cardiovascular disease.
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Figure 1. Summary of epidemiology studies investigating relative risk of cardiovascular disease
in HIV patients vs. control subjects

Data are relative risk with 95% CI| where available. Dotted line indicates relative risk of one.
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Figure 2. Pathophysiology of atherosclerosis in HIV-infected individuals
RCT = reverse cholesterol transport, CEC = cholesterol efflux capacity, Rx = treatment
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Figure 3. FDG/PET and Coronary Computed Tomography Angiography Images of Arterial
Inflammation and Non-Calcified Plague Progression in HIV patients

3A: Representative axial and coronal images of the aorta on FDG-PET. There is increased
aortic PET-FDG uptake (red coloration) in an HIV-infected subject compared with a HIV-
uninfected Framingham Risk score-matched control subject. A=Anterior-Posterior
orientation, F=Foot-Head orientation. Figure is reproduced from Subramanian et al’® by
permission of JAMA. 3B and 3C: Coronary computed tomography angiography images of
the left anterior descending coronary artery of an HIV-infected individual at baseline (panel
B) and at 12 months (panel C). Plaque volume increased from 11 to 124 mm3 (arrows) with
high risk morphology features of low attenuation lipid core and positive remodeling at 12
months. Figure is reproduced from Lo et al'20 by permission of Lancet HIV.
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Table 1

Relationship between immune markers and cardiovascular disease in HIV-infected individuals

Immune Marker

Subclinical Atherosclerosis

Cardiovascular Disease

High sensitivity CRP
IL-6

D-dimer

STNFR
Lipopolysaccharide

MCP-1

Lp-PLA2
Oxidized LDL

HDL Redox Activity
Soluble CD163

Soluble CD14

CD14+CD16+ monocytes
CX3CR1/CD16+ monocytes
CD11b/total monocytes
CD4+CD38+HLADR+
CD8+CD38+HLADR+

Low CD4 count

Low nadir CD4 count

Viral Load

CIMT progression®

CIMT®?

CIMT progression®?

MI and major CVD event?5: 51
M, stroke, and major CVD event*4 45
M, stroke, and major CVD event#4 45 51

MI and stroke**

CIMT, stenosis = 50%, CAC, coronary segments with

plaque®: 5455
CIMT®6
CIMT®

Non-calcified plaque®”

CAC; vulnerable, total, non-calcified, mixed, and calcified
plaque; coronary stenosis > 50%20: 54 58

Non-calcified plaque, CIMT and coronary stenosis =

509453 54,58, 59

CAC progressionS!
CIMTS2

CIMTS2

CIMT®3

CIMT52 63
CIMT®4

CIMT progression®

Highest quartile sSCD14 w/CVD death,% M,
and stroke**

M|12, a7

M|46
M|12, 46

CRP = C-reactive protein, IL-6 = interleukin-6, STNFR = soluble tumor necrosis factor receptor, MCP-1 = monocyte chemoattractant protein-1,
Lp-PLA2 = lipoprotein phospholipase-A2, LDL = low density lipoprotein, HDL = high density lipoprotein, CIMT = carotid intima media
thickness, CAC = coronary artery calcium, M| = myocardial infarction, CVD = cardiovascular
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