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Abstract

Introduction: Cardiovascular disease is an important cause of morbidity and mortality in persons
with human immunodeficiency virus (PWH). The risk of atherosclerotic cardiovascular disease
(ASCVD) is higher in PWH compared to uninfected persons. Dyslipidemia is a critical link in the
pathogenesis of ASCVD in PWH. Chronic inflammation associated with HIV infection may drive
both dyslipidemia and ASCVD.

Areas Covered: The authors review the evidence for using lipid-lowering therapy in PWH and
includes an overview of the utility and complexity of using statins in PWH, in particular, drug
interactions, safety and efficacy. In addition, data covering alternate therapies like omega 3 fatty
acids, fibrates, niacin, ezetimibe and PCSK-9 inhibitors is reviewed.

Expert Opinion: Dyslipidemia is a common problem in PWH. The risk of ASCVD is higher in
PWH. Lipid-lowering therapy reduces the risk of ASCVD but clinical endpoint trials are lacking
in PWH. Statin therapy is the mainstay of primary prevention for ASCVD. The timing of when to
initiate primary prevention with statins in PWH is unclear. Beyond statins, there is limited data
that other lipid-lowering agents have utility in PWH. Ongoing trials like the REPRIEVE trial will
inform the community about the optimal approach to lipid-lowering therapy in PWH.
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1.0 Introduction

Infection with the human immunodeficiency virus, type 1 (HIV) leads to disorders of lipid
metabolism characterized by lowering high-density lipoproteins (HDL-C), higher
triglycerides, lower total cholesterol, lower low-density lipoprotein (LDL-C) and an
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atherogenic phenotype [1-2]. The prevalence of dyslipidemia is particularly high in persons
with HIV (PWH), affecting 67.3% of women and 81.2% of men in a study composed of
3,166 PWH [3]. By comparison, 21% of adults in the United States were diagnosed with
dyslipidemia [4]. Many of the antiretroviral agents used to control HIV replication also
induce disorders of lipid metabolism including elevation of both low-density lipoproteins
and triglycerides. Furthermore, chronic inflammation is an important feature of HIV
infection resulting in a host of abnormalities that promote dyslipidemia and atherogenesis.
Collectively, these abnormalities result in higher risk of atherosclerotic cardiovascular
disease (ASCVD) in persons with HIV infection. Indeed, PWH have nearly two-fold
increased risk for myocardial infarction (MI) [5]. The purpose of this article is to describe
the risk of dyslipidemia and ASCVD in PWH and evaluate lipid-lowering therapies available
to treat dyslipidemia and lower ASCVD risk.

1.1 Lipid disturbances in untreated HIV infection and Polygenic Influences

In untreated HIV infection, particularly those with advanced disease, HIV results in elevated
TG, lower LDL-C, lower HDL-C and an atherogenic phenotype [6]. Riddler et al
demonstrated that initiation of antiretroviral therapy in the men with known date of HIV
seroconversion reversed some but not all the lipid abnormalities in persons with HIV [7]. In
that study, HDL-C levels remained below pre-HIV seroconversion levels despite suppression
of HIV replication with antiretroviral therapy. There are a number of purported mechanisms
to explain the abnormalities in lipid metabolism including mitochondrial defects,
interference with dietary disposal of triglycerides, reduction in reverse cholesterol transport
function and a myriad of inflammation induced changes in the composition and size of lipid
particles [8-9]. Grunfeld et. al, hypothesized that disturbances in lipid metabolism may be
due, in part, to elevated interferon alpha levels observed in persons with AIDS [10]. Elevated
levels of interferon-alpha, were associated with decreased TG clearance. Reed and
colleagues confirmed increased secretion of VLDL-TG and decreased plasma VLDL-TG
clearance, during both fasting and fed conditions [11] There are likely multiple mechanisms
that lead to dyslipidemia in PWH.

There may also be polygenic influences on dyslipidemia. Dyslipidemia can be influenced by
an accumulation of both rare and common genetic variations and polygenetic risk scores
may estimate the proportion of dyslipidemia resulting from these factors [12]. Indeed, single
nucleotide polymorphisms (SNPs) associated with dyslipidemia have been documented via
genome-wide association studies in PWH pre- and post-initiation of ART. Of 727 genotyped
individuals, several SNPs were found to both effect LDL-C and HDL-C in combination with
specific ART regimens [13]. Several SNPs in apolipoprotein B were associated with elevated
levels of LDL-C in PWH while SNPs in genes ABCA1/LIPC/CETP were associated with
higher HDL-C levels in the setting of NNRTI use. Finally, in a study of PWH even those
with well controlled HIV replication had higher levels of Lp(a) and atherogenic allele
specific apolipoprotein a [14]. Thus, a combination of genetic and environmental factors
may explain alterations in lipid levels in PWH and the effects of selected antiretroviral
agents.
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1.2 Antiretroviral effects on lipids

There are multiple classes of medications used to treat HIV infection. Many have class
effects but within each class there are differential effects on lipid metabolism. The entry
inhibitors like the CCR5 receptor antagonist maraviroc or the fusion inhibitor enfuvirtide do
not appear to alter lipid metabolism [15-16]. Similarly, the integrase inhibitors do not affect
lipid levels [17]. There is limited information on lipid metabolism with newer classes such
as the maturation or capsid inhibitors. In contrast, three classes of antiretrovirals have
profound effects on lipid metabolism including the non-nucleoside reverse transcriptase
inhibitors (NNRTIs), protease inhibitors (PIs), nucleoside/tide reverse transcriptase
inhibitors (NRTIs) [18]. Current treatment of HIV infection typically requires a combination
of 2-3 antiretroviral agents, usually from distinct classes. Thus, an important paradigm is
that there are differential and sometimes additive effects from these combinations of agents
on lipid metabolism. Moreover, longitudinal study of individual agents in PWH is not
available because of the frequent emergence of resistance with the use of single
antiretrovirals to treat HIV infection. Thus, most of the evidence of the effects of
antiretrovirals comes from studies where combination antiretroviral therapy is used.

Table 1 lists the effects of different combinations of classes of antiretrovirals on lipid levels
[17-24]. Amongst the NRTI class, zidovudine (AZT) and other less commonly used
thymidine analogues induce modest changes in lipids [18]. Tenofovir disprovoxil fumarate
tends to lower TC, LDL-C and HDL-C while tenofovir alafenamide has no clear effects on
lipid metabolism [21, 25]. Two of the most commonly used NRTIs, emitricitabine and
lamivudine, have not been well studied. Finally, abacavir, a guanosine analogue, has fewer
direct effects on lipid metabolism but may alter ASCVD risk through alterations in
coagulation [26]. In the NNRTI class, efavirenz has the most profound effects raising TC,
LDL-C, TG and HDL [27-28]. Finally, most of the protease inhibitors alter lipid metabolism
particularly those that require pharmacologic boosting with either ritonavir or cobicistat [18,
29].

Current guidelines for the use of antiretroviral therapy recommend regimens that tend to
minimize the risk of alterations in lipid metabolism [30]. Most guidelines recommend or
suggest clinicians consider switching older regimens to avoid specific toxicities like
dyslipidemia. The USPHS Guidelines generally recommend the use of an integrase inhibitor
in conjunction with 1-2 NRTIs as first line therapy for most patients [30]. Although lipid
alterations are not common with many of these regimens, some recent studies have noted
weight gain with the use of integrase inhibitors though not all [31-32]. The mechanism
behind weight gain observed in persons taking integrase inhibitors is not clear. However,
obesity is a well-known risk factor for dyslipidemia. Initiation of therapy with any of the
antiretrovirals typically results in modest increases in most lipid levels, typically felt to be
related to a reduction in HIV induced dyslipidemic changes (see Table 1). Many of the older
antiretrovirals that often led to more pronounced dyslipidemic changes are in less common
use. However, treatment failure remains a common problem with the use of antiretrovirals
and requires switching to different classes to suppress HIV replication. Thus, many PWH
continue to use antiretrovirals known to alter lipids directly or indirectly.
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2.0 Risk Assessment and Screening

A higher incidence of ASCVD has been reported in a number of cohorts with HIV [5,
33-35]. Most cohorts consistently report a 1.5-2.0 fold higher risk of CVD events compared
to HIV uninfected controls [33-35]. In addition to the clinical outcome data, there are several
groups noting that subclinical coronary plaque is more common in PWH. Lo and colleagues
demonstrated that HIV-infected men had a higher prevalence of coronary artery plaque than
uninfected men (59% vs. 34%, P=0.02) [36]. Similarly, Post and colleagues reported that
PWH compared to uninfected controls had more significant associations with any plaque or
noncalcified plaque even after adjustment for other known ASCVD risk factors (P=0.005)
[37]. Numerous studies of PWH identify higher rates of dyslipidemia, glucose intolerance,
and tobacco use [38]. Thus, factors associated with the development and progression of
atherosclerosis and cardiovascular events like Ml, coronary revascularization, stroke and
sudden cardiac death (collectively known as MACE — Major Adverse Cardiovascular
Events) are more common in PWH.

Screening for ASCVD risk assessment tends to follow recommendations designed for the
general population. The updated unified guideline on the management of blood cholesterol
recommends fasting or non-fasting plasma lipids and counseling on lifestyle in young adults
age 20-39 years [39]. Feinstein and colleagues assessed risk of ASCVD outcomes in the
CNICS cohort [40]. They confirmed that the use of 2013 Pooled risk equation estimated
ASCVD events better than other available equations and that screening for dyslipidemia
should occur in PWH. Most HIV guidelines generally recommend assessment of risk factors
and a fasting lipid level before the initiation of antiretroviral therapy [30]. HIV treatment
guidelines recommend annual lipid level testing and re-assessing ASCVD risk after
initiating or switching ARVs [30]. General population guidelines suggest screening lipids
every 3-5 years [39]. What remains unclear is whether more frequent screening in PWH will
improve MACE outcomes.

3.0 Treatment of Dyslipidemia

The overall approach to lowering ASCVD risk is to address lifestyle changes improving
diet, encouraging exercise, managing elevated blood pressure, eliminating the hazard of
tobacco use and controlling lipid disturbances. The mainstay of management of lipid
disorders has been the use of 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase inhibitors
(Statins) that have demonstrated a reduction in mortality from ASCVD [41]. A number of
other approaches have been demonstrated to lower cholesterol but have not consistently
demonstrated a reduction in clinical events or mortality. A newer class of lipid-lowering
agents, PCSK-9 inhibitors, have recently demonstrated lowering of MACE [42-43].

3.1 Statin Overview

Lowering LDL-C with statins for primary prevention of ASCVD reduces the risk by 26—
30% in the general population [44]. In addition to lowering LDL-C, statins have pleotropic
effects that reduce inflammation, immune activation, and oxidative stress [45]. However, the
main effect of statins is directly linked to the ability to lower LDL-C with an average 1%
reduction in risk for clinical events for every 2 mg/dL lowering of LDL-C [44]. A number of
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studies of statins demonstrate that are effective in lowering lipids in PWH [46-54]
Furthermore, statins also demonstrating improvements surrogate markers of ASCVD with
reductions in atherosclerotic plaque and immune activation [55-61]. However, no study has
demonstrated a reduction in clinical endpoints (MACE) with statin use in PWH. The
REPRIEVE trial is a large, randomized, blinded study of pitavastatin versus placebo in more
than 7500 PWH [62]. The trial is fully enrolled with results anticipated in the next 2-3
years. This trial should answer the question of whether primary prevention with a statin in
PWH at relatively lower risk of ASCVD will have a reduction in clinical endpoints. The
primary endpoint with compare the rate of MACE endpoints in those randomized to
pitavastatin or placebo. This trial is unique in that the 2013 pooled risk equation was used as
inclusion and exclusion criteria along with the level of LDL-C, thus providing an
opportunity to assess statin benefits in those with higher and lower ASCVD risk. In addition,
there is an embedded mechanistic sub study of 800 participants who will have computed
tomographic angiography performed at baseline and 24 months to assess the utility of statins
on coronary artery disease (CAD) and circulating biomarkers associated with CAD [63].

The introduction of Pls heralded the improved survival from HIV infection and ushered in
the concerns about dyslipidemia and cardiovascular disease. Protease inhibitors undergo
extensive oxidative metabolism through cytochrome p450 3A isozymes. One of the initially
developed Pls, ritonavir, is now exclusively used because of its inherent properties as an
inhibitor of cytochrome p450 3A metabolism to boost concentrations of other Pls [64].
Because of these known drug metabolism pathways, initial studies of lipid lowering therapy
in PWH had to demonstrate the safety of using statins with Pls. Indeed, it took a number of
years before sponsors were willing to support the use of more potent statins in PWH in
clinical trials. Thus, pravastatin was initially recommended for use in PWH because of fewer
drug interactions though it is not as potent as other statins [65].

3.2 Statin Effects on Lipids

Table 2 describes major trials to date of different statins in PWH. In general, lipid-lowering
from statins has been consistent with that observed in the general population. In the
moderate potency statin group pravastatin and pitavastatin generally result in lower
cholesterol levels 15-20% compared to higher potency statins like atorvastatin and
rosuvastatin that lower cholesterol levels on average, 20-40%. However, there may be
differences observed in those with or without HIV infection. In a meta-analysis of statin
effects, the authors estimated that for each statin evaluated, there were 3—-16% less reduction
of total cholesterol in PWH compared to benefits seen in the general population [5].
Similarly, LDL-C benefits were reduced by an average of 5-18% in PWH compared to the
general population [5]. These blunted effects of statins may be mediated through drug
interactions that diminish the lipid-lowering effectiveness of statins. However, it is important
to note that direct head-to-head comparisons with statins between those with and without
HIV infection have not been done.

3.3 Statin effects on atherosclerosis and Inflammation

Atherosclerosis and circulating markers of inflammation, immune activation, endothelial
function, and coagulation often correlate with clinical outcomes. HIV infection has
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independent effects on these factors and thus it would be valuable to know whether the
benefits observed with statins is present in PWH. Several studies suggest that statins reduce
the progression of atherosclerosis and alter plaque morphology to become less unstable.
Calza reported an 18.7% reduction in the right carotid artery intimal thickness (cIMT) at the
bifurcation and similar reductions on the left side (21.4%) and within the internal carotids in
36 individuals taking rosuvastatin for 24 months [66]. Longenecker reported a 0.019 mm
reduction in cIMT progression with rosuvastatin compared to placebo over 96 weeks [56].
Two studies of pravastatin 40 mg daily showed conflicting results following short-term
changes in flow-mediated dilatation, a marker of endothelial function [67-68]. Lo reported
reduction in non-calcified plague volume and the number of high-risk plaques with the use
of atorvastatin 40 mg daily compared to placebo [55].

A number of studies have evaluated circulating biomarkers associated with atherosclerosis
progression in HIV. Multiple statins have been associated with a reduction in many of these
biomarkers. However, there is no consistent pattern of reduction in specific biomarkers with
statin use. For example, Toribio demonstrated that Pitavastatin and pravastatin reduced
oxidized LDL, lipoprotein-associated phospholipase 2 and soluble CD14 (Pitavastatin group
only) [60]. Atorvastatin 20 mg daily also reduced oxidized LDL by 33%, lipoprotein-
associated phospholipase 2 by 31% but had no effect on soluble CD14, soluble CD163,
high-sensitivity C-reactive protein, P-selectin, CD40L or markers of T-cell and monocyte
activation [54]. Rosuvastatin 10 mg daily also resulted in declines in Lp-PLAZ2 levels but did
not affect high-sensitivity C-reactive protein, IL-6 levels and a number of other biomarkers
after 24 weeks [48]. Interestingly, high-dose atorvastatin (80 mg daily) decreased markers of
immune activation in PWH not taking antiretroviral therapy [69]. This included reductions
in HLA-DR+ CD4 and CD8 cells as well as CD38+ T cells. In conclusion, it may be that
while statins clearly lower circulating biomarkers in the general population that ongoing
inflammation and immune activation in chronic HIV infection along with drug interactions
may obscure some of these changes in PWH.

3.4 Statins and Drug Interactions with Antiretrovirals

Drug interactions emerged as an important issue because potent antiretroviral therapy to
treat HIV infection often involves the use of medications that undergo metabolism by
oxidative and non-oxidative mechanisms. HIV protease inhibitors, the first class of
medications that demonstrated the ability to improve mortality from HIV infection, typically
require pharmacologic boosting with ritonavir or cobicistat. Both of these drugs are potent
inhibitors of cytochrome P450 enzymes [64, 70]. Early drug interaction studies
demonstrated a 30-fold increase in simvastatin concentrations with the use of saquinavir and
ritonavir [71]. In that same trial, the use of saquinavir 400 mg and ritonavir 400 mg daily
increased the effective concentration of atorvastatin by 75% while pravastatin concentrations
decreased by 50%. These early studies demonstrated that simvastatin and lovastatin should
be avoided when using HIV Pls that inhibit the Cytochrome P450 3A metabolism.

Several classes of antiretrovirals appear to have limited clinically significant drug
interactions with lipid-lowering agents. Integrase inhibitors and nucleoside/tide reverse
transcriptase inhibitors do not appreciably affect metabolism of lipid-lowering agents. Entry
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inhibitors like enfuvirtide do not affect lipid-lowering drugs. Although the CCR5 inhibitor,
maraviroc is metabolized by CYP3A4/5 it is not an inhibitor or inducer and thus limited
drug interactions occur with statins. Non-nucleoside reverse transcriptase inhibitors induce
CYP3A4/5 metabolism and may lower the concentrations of some statins. In ACTG 5108,
Gerber and colleagues noted that efavirenz, an NNRTI, reduced simvastatin concentrations
by 58%, active atorvastatin concentrations by 34% and pravastatin concentrations by 40%
[72]. In the group receiving simvastatin, HMG-CoA reductase inhibition was decreased by
60%. Thus, use of inducers of CYP3A 4/5 isozymes like efavirenz may reduce the
effectiveness of some statins.

Subsequently a number of studies have shown more complex drug interactions with
antiretroviral agents. In addition to the effects on oxidative metabolism, there are other
effects on P glycoprotein and drug transporters. For example, rosuvastatin concentrations are
increased in the extracellular compartment but the lipid-lowering effect is diminished in the
presence of darunavir-ritonavir co-administration [73]. A similar effect was observed with
the co-administration of lopinavir-ritonavir and rosuvastatin resulting in a 2.1 fold higher
exposure to the latter drug [74]. Protease inhibitors like lopinavir-ritonavir and darunavir-
ritonavir may affect human organic anion transporting polypeptide 1B1 transporter or the
breast cancer resistance protein efflux mediator [75-76]. This is important because co-
administration of fostamatinib, a specific inhibitor of BCRP and OATP1B1 resulted in
higher 1.96 fold and 1.88 fold increase in rosuvastatin area under the plasma concentration-
time curve and maximum concentration, respectively [75]. In addition, P glycoprotein has
been shown to mediate the efflux of darunavir in intestinal cells [76]. Thus, there may be a
number of complex drug interactions that affect the co-administration of statins and some
antiretroviral agents.

Drug-drug interactions should be consistently monitored with the co-administration of ARTSs
and statins. In situations where concentrations of statins are known to be increased it is
generally recommended to start at a lower dosage and titrate up while monitoring tolerability
[5]. In other circumstances where statin concentrations may be decreased, higher doses may
be required to achieve suitable reduction in LDL-C. Table 3 summaries the some of the most
important drug interactions between HIV medications and lipid-lowering agents [77].

3.5 Statin Adverse Effects

There are a number of class effects that occur with statins. The most common adverse events
with statins reported include elevated liver transaminases and muscle aches. In addition,
insulin resistance and diabetes mellitus have been linked to statins. In a meta-analysis of
statins in PWH, 3% of individuals (N=736) interrupted statins due to adverse events with a
calculated event rate of 0.12 per 100 person-years [5]. This compares favorably to
discontinuation rates (5.6%) reported in pooled analysis of randomized controlled trials in
persons without HIV [78]. In a systematic analysis of statins of 71,344 persons in 19
randomized controlled trials by the United States Preventive Services Task force, statins
were not associated with increased risk of serious adverse events (RR, 0.99 [95% CI, 0.94 to
1.04]), myalgias (RR, 0.96 [95% CI, 0.79 to 1.16]), or liver-related harms (RR, 1.10 [95%
Cl, 0.90 to 1.35]) [79]. In addition, in pooled analysis, statins were not associated with
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increased risk of diabetes (RR, 1.05 [95% CI, 0.91 to 1.20]) [78]. In contrast, statin therapy
was associated with a 9% increased risk for incident diabetes (odds ratio [OR] 1-09; 95% ClI
1.02-1.17) [80]. Thus, there remains controversy about the relationship between reported
adverse events and statins. Regardless of the reported adverse events, it does not appear that
adverse events are reported in any higher rates in PWH.

4.0 Miscellaneous Lipid-Lowering treatments

Statins are generally considered the first-line therapy for lipid-lowering. However, some
individuals are intolerant of statins and others do not have sufficient lipid-lowering
sometimes requiring the use of other agents. All of these medications have generally not
been shown to reduce clinical events with the exception of the PCSK-9 inhibitors. There are
a number of clinical studies utilizing fish oil, fibrates, niacin, cholesterol absorption
inhibitors and PCSK-9 inhibitors in PWH.

4.1 Omega 3 Fatty Acids (Fish Oil)

Fish consumption and fish oil have been inversely associated with the development of
ASCVD leading some to speculate that the active components Omega-3 polyunsaturated
fatty acids (PUFAS) are cardioprotective [81]. PUFAs are thought to both increase very-low
density lipoproteins (VLDL) clearance and reduce hepatic VLDL-TG production [82]. The
REDUCE-IT trial analyzed the effects of high dose icosapent ethyl in persons without HIV
infection [83]. The study focused on patients who had elevated TG levels despite receiving
statin treatment. The study demonstrated that patients receiving two doses of 2 g icosapent
ethyl daily had significantly lower ischemic events compared to those receiving placebo. In
PWH, HIV infection and some antiretrovirals, namely Pls, induce higher production of
VLDL-TG. Several studies have evaluated the use of fish oil in PWH. In a clinical
effectiveness study, fish oil consumption lead to an average decline of 40 mg/dL in TG
(P=0.02) but only 9% of individuals (n=76 total) had TG < 150 mg/dL [84]. Ina
randomized, diet and exercise-controlled study analyzed the efficacy of PUFAS (2.9 grams)
for the treatment of TG>200 mg/dL in PWH. After 16 weeks the mean TG decreased non-
significantly to 304 mg/dL from a baseline mean value of 461 mg/dL (P=0.12) [85]. In
another study of 122 PWH, PUFAs 1 gram thrice daily was shown to decrease triglyceride
levels to <200 mg/dL for 22.4% compared to only 6.4% in the placebo arm (P=0.013) after 8
weeks [86]. Finally, in a randomized trial of PWH with TG>400 mg/dL, PUFAs 3 grams
twice daily resulted in a median decline in TG of 283 mg/dL (46%) after 8 weeks [87].
However, there was a 30 mg increase (P<0.001), on average, in LDL-C levels in the group
receiving PUFAs. Thus, while several studies demonstrate that fish oil can reduce TG levels
in PWH and reduce clinical events in persons without HIV, there are no data on the
effectiveness of reducing MACE in PWH.

4.2 Fibrates

One of the hallmarks of untreated HIV infection is hypertriglyceridemia. Initial potent
antiretroviral therapy options were associated with very elevated levels of triglycerides.
Hypertriglyceridemia may be associated with an atherogenic phenotype and thus, treatment
has been tried to reduce ASCVD risk and MACE endpoints. Fibrates work by activating
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4.3 Niacin

peroxisome proliferator-activated receptor alpha (PPARa) lowering cholesterol by limiting
substrate availability in the liver for TG synthesis, inhibiting their release and stimulating
lipoprotein lipase thereby increasing TG clearance [88]. Gemfibrozil was effective in
lowering hypertriglyceridemia induced by Pls in a randomized controlled trial of 37
participants with a 1.22 mmol/L decrease in triglycerides and few adverse effects or drug
interactions [89]. In a retrospective study of clinical effectiveness in PWH gemfibrozil
lowered TG 80 mg/dL, on average, whereas fenofibrate lowered TG 49 mg/dL [84].
Fenofibrate decreased TG by a median 118 mg/dL in 87 PWH after 12 weeks [46].
Combination therapy with Pravastatin and fenofibrate for 36 weeks lowered TG by a median
93 mg/dL [46]. In general, fibrates have been safe in PWH with few adverse events. Clinical
trials of fibrates in the general population demonstrate reduction in ASCVD risk and
mortality in one trial but most studies did not confirm this benefit [88]. Recent guidelines
recommend that if TG>500 mg/dL initial management should begin with statins and if those
fail, fibrates can be added largely to avoid pancreatitis [39].

One potentially newer approach is the discovery of selective peroxisome proliferator-
activated receptor alpha modulators (SPPARM a) to lower ASCVD risk [90]. Pemafibrate
was compared to fenofibrate in patients with high TG and low HDL-C levels and found to
have more favorable safety profile with less kidney and liver toxicity [91]. However, no trials
of this class of agents have been reported in PWH to date.

Niacin is known to inhibit the hepatic production of TG resulting in accelerated hepatic
apolipoprotein B degradation and thus decreased levels of VLDL-cholesterol (VLDL-C) and
LDL-C. Niacin also decreases the catabolism of HDL-apolipoprotein A-1, resulting in
higher blood HDL levels. Despite known effects on lipid levels, evidence is lacking that
niacin is useful in preventing ASCVD events [92]. Common adverse side effects like
flushing, itching and insulin resistance also limit its use [92]. Dube and colleagues evaluated
1000-2000 mg of sustained release niacin in ACTG A5148 in PWH with fasting non-HDL-
C =4.66 mmol/L and TG=2.26 mmol/L [93]. They found significant declines in TC, non-
HDL-C, and TG and an increase in HDL in 33 participants. Four participants (12%)
discontinued treatment prematurely due to adverse events with transient changes in glycemia
and insulin resistance. Balasubramanyam et al reported increased HDL-C from baseline 39.7
mg/dL to 43.3 mg/dL with niacin 2 grams daily sustained release preparation (P=0.03) but
no other significant changes in lipid profiles [94]. Flushing was noted in 35-40% of those
receiving niacin. In another study evaluating endothelial reactivity and circulating
biomarkers associated with inflammation there was no improvement with the use of niacin
for 24 weeks [95]. Thus, these small studies of niacin in PWH suggest limited benefits and
that caution should be exercised when treating patients predisposed to diabetes or insulin
resistance.

4.4 Absorption Inhibitors (Ezetimibe)

Ezetimibe lowers serum cholesterol levels by inhibiting the absorption of dietary cholesterol
in the small intestine. The IMPROVE-IT was a large randomized trial in persons with prior
ASCVD of ezetimibe added to a simvastatin resulting in significantly lowered on-treatment
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LDL-C from 70 to 54 mg/dl, with a concomitant statistically significant reduction in MACE
endpoints at 7 years (32.7% vs 34.7%, P=0.016) compared to the simvastatin alone [96].
Several smaller studies in PWH show improvement in lipid values with the use of ezetimibe
[92-95]. In a placebo-controlled, crossover study of 48 PWH who received ezetimibe 10 mg
daily, LDL-C decreased by 5.3% (11 mg/dL) compared to an increase of 5.5% in the
placebo arm [97]. In another placebo-controlled trial ezetimibe significantly lowered LDL-C
by 14.1% and TC by 18.6% after 12 weeks within 44 PWH who were on stable statin
therapy with either pravastatin or atorvastatin [98]. In a small trial comparing ezetimibe plus
fenofibrate to pravastatin, the combination resulted in significant declines in TC, LDL-C,
non-HDL-C, TG and increases in HDL-C [99]. In a study comparing the lipid-lowering
effects of ezetimibe 10 mg daily plus rosuvastatin 10 mg daily versus an increased dose of
rosuvastatin (from 10 mg to 20 mg daily) there were declines in TC (-1.1 mmol/L vs. 0.5
mmol/L, P=0.03), LDL-C (-0.68 mmol/L vs. 0.48 mmol/L, P=0.37) and TG (—0.62 mmol/L
vs. —0.17 mmol/L, P=0.03) in the combination group [100]. Currently, there have been no
adverse drug interactions and few side effects using ezetimibe alone or in combination with
statins.

4.5 Proprotein Convertase Subtilisin-Kexin Type 9 Inhibitors (PCSK-9 Inhibitors)

PCSK-9 inhibitors are an emerging therapy to lower ASCVD risk and MACE endpoints.
PCSK-9 are hepatic proteins that regulate blood cholesterol levels via the inhibition of LDL
receptors, thereby reducing LDL-C clearance and increasing circulation LDL-C [101].
PCSK®9 inhibitors, a monoclonal antibody, prevent this interaction and lower the amount of
blood LDL-C. The FOURIER and SPIRE trials demonstrate that PCSK-9 inhibitors,
evolocumab and bococizumab, respectively, lower ASCVD events [42-43]. These agents
demonstrate significant lowering of LDL-C by 45-70% in multiple studies [102-103]. There
is currently very limited information about the utility of PCSK-9 inhibitors in PWH. Kohli
reported on clinical experience with alirocumab or evolocumab in the United Kingdom and
1 individual had HIV infection with a reduction in LDL-C of 66% [104]. Evolocumab is
being compared to placebo in HIV infected persons to lower LDL-C [105]. The study is
fully accrued and expected to be completed in 2020.

5.0 Conclusion

Dyslipidemia is a significant problem in PWH, linked ASCVD and cardiovascular
endpoints. There are numerous small studies of the efficacy of statins, omega-3 fatty acids,
fibrates, niacin, and ezetimibe, but the clinical relevance is limited by the absence of clinical
endpoint data. The current recommendations for screening, risk assessment, and treatment of
dyslipidemia are based upon the unified updated guidelines [39]. The goals of treatment of
dyslipidemia are increasingly heading toward lowering LDL-C levels below 70 mg/dL
which appears to be safe and prevents clinical events [103]. Preliminary studies of statins
indicate relatively similar efficacy in PWH compared to HIV-uninfected persons however,
clinical endpoint data are lacking. Drug interactions between lipid-lowering agents and
antiretrovirals are clinically important and guide choices and doses of statins, in particular.
The REPRIEVE clinical trial is an on-going study evaluating the efficacy of pitavastatin in
reducing the risk of ASCVD in PWH [62]. Cardiovascular risk reduction remains an
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important issue with treatment of dyslipidemia as a high priority for persons with HIV
infection.

6.0 Expert Opinion

The issue of dyslipidemia in the PWH has been a recognized problem since the advent of
potent antiretroviral therapy. In the past two decades, convincing evidence demonstrates a
higher risk of ASCVD and cardiovascular events in PWH, making it one the leading causes
of morbidity and mortality in PWH. While there is some controversy over the optimal
assessment of cardiovascular risk and screening, there is little disagreement that it should be
done in PWH. Newly diagnosed persons with HIV infection should undergo cardiovascular
risk assessment with fasting lipids. Lifestyle changes and tobacco cessation should be
strongly encouraged. Reassessment of ASCVD risk should be done with changes in
antiretroviral regimens and every 2—3 years. If there are clinically important changes like
significant weight gain or new diagnosis of hypertension, ASCVD risk should be reassessed.
Beyond lifestyle changes and tobacco cessation, treatment of dyslipidemia should be
considered in those at higher risk of ASCVD events. Because HIV is an inflammatory
process and likely elevates the risk of ASCVD, discussions about treatment of dyslipidemia
should begin in any person over the age of 40 years with an ASCVD pooled risk score of
5.0% or greater.

A major limitation for treating dyslipidemia in this population is the uncertainty of when to
initiate therapy for primary ASCVD prevention and the lack of a risk assessment scale
unique for PWH. Nearly all the risk assessment scales were created with the seronegative
population in mind. The Study of Adverse Drug Events (D:A:D) and CNICS groups have
attempted to improve upon existing tools to assess ASCVD risk. However, none are better
than the current ASCVD 2013 pooled risk equation tool which underestimates the number of
clinical events by 40-60% in PWH. Until we have clinical endpoint data in PWH, it makes
sense to discuss ASCVD risk and limitations in our understanding when there are significant
risks present in persons over 40 years of age with HIV (e.g., hypertension, smoking, family
history of premature cardiovascular disease, elevated LDL-C greater than 100 mg/dL or
other significant risks). Secondary ASCVD prevention after MACE endpoints should follow
standard guidelines regardless of HIV infection.

Primary and secondary prevention first line therapy should be done with statins. The choice
of which statin should be based upon the goals of therapy and consideration for drug
interactions. In general, it is safe to use rosuvastatin or atorvastatin in most individuals with
HIV infection. Pitavastatin is a reasonable alternative if a moderate potency statin is
desirable. Simvastatin should only be used in those not on HIV protease inhibitors or
cobicistat because of the risk for rhabdomyolysis. The use of less potent statins like
fluvastatin or pravastatin should be limited. Patients should be instructed about possible side
effects like muscle aches. Safety screening should include monitoring for insulin resistance
and diabetes; drug interactions and transaminase levels annually. In most PWH, the need to
use alternative therapies like fibrates, niacin, ezetimibe, fish oil, or PCSK-9 inhibitors should
be reserved to those at very high risk or proven ASCVD. Consultation with experts in the
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management of dyslipidemia should be sought if these alternatives agents are being
considered for use.

The major research gaps are proof that statins decrease clinical events and reduce mortality
in PWH. The REPRIEVE trial is a very important randomized, placebo-controlled study of
pitavastatin for the reduction of cardiovascular endpoints in persons with well-controlled
HIV infection (Table 4). Pitavastatin was an ideal candidate to study because of the limited
drug interactions and relatively lower risk population with HIV that is being evaluated in this
trial. The mechanistic sub-study is likely to reveal whether statins improve coronary plaque
in PWH and shed further light on the role of inflammation in CAD progression.

Pro-protein convertase subtilisin-kexin 9 (PCSK-9) inhibitors are a new class of drugs that
have been shown to be both clinically and statistically significant in reducing LDL levels
and cardiovascular events. PCSK-9 inhibitors are monoclonal antibodies with promising
results in persons without HIV infection. There is an ongoing phase three clinical trial
studying the effects of 24 weeks of evolocumab on persons with HIV intolerant of statins or
with an LDL-C > 70 mg/dL with prior ASCVD or > 100 mg/dL at higher ASCVD risk on
moderate to high dose statins (Table 4) [105]. Alirocumab is being studied in 140 PWH in a
trial entitled EPIC-HIV with a primary objective to determine PCSK9 inhibitors reduce
arterial inflammation and non-calcified plaque by FDG-PET (Table 4) [106]. PCSK-9
inhibitors are likely to have an important role in preventing ASCVD events in PWH
provided that the cost of therapy decreases over time.
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Article Highlights:

Dyslipidemia is associated with HIV infection and many of the antiretroviral
agents used to HIV.

Dyslipidemia is an important risk factor associated with the development of
cardiovascular disease that is 1.5-2.0 fold higher in persons with HI\V
compared to uninfected persons.

HMG-CoA reductase inhibitors or Statins are effective in lowering cholesterol
and low-density lipoprotein-cholesterol but have not been demonstrated to
reduce cardiovascular events in randomized controlled trials of persons with
HIV infection.

Statins have a number of significant drug-drug interactions with antiretroviral
agents.

PCSK-9 inhibitors are a newer class of lipid-lowering agents that may have
some value in treating dyslipidemia in persons with HIV infection though
there is little published information to date.

Expert Opin Pharmacother. Author manuscript; available in PMC 2020 October 01.




Page 21

Gebhardt and Fichtenbaum

apusaA|BuL=9] ‘Joiaisajoyo utsjoidodi] Ansusp YBIH="1QH :]0JaIsa|oyd
ugrosdodi| Aisusp Mo=D-T1@7 $10481S8|0YD [BI0L =D 1 ‘SpIleUaLe[e JIA0JOUS] =\ ‘81eInWiny [IXOACIASIP JIA0J0US] =41 ‘1eISIIGOD=1q0D ‘SUIgeNoLNWTI =] 1 4 ‘SUIPNAIWE]=] | € ‘1IABIRqY=D9V

ap/Bw g5+ | Ip/Bw TT+ p/Bw LT+ p/Bw ge+ smgy | ery=N | elneuONIIARUIdOT+D LA/4AL
p/Bw g'9T+ | Ip/Bw Z'G+ | Ip/Bw 69+ | T0/BW 'GT+ M6 | G65=N prdlABUONI/IINBUNIEQ/D 1H/4VL
Ap/BW T'LT+ | pBW 9+ | IpBw L6+ | Tp/Bw 96T+ SHIM96 | 209=N | erdlARUOHI/INBUBZEIV+D 1 4/4AL
Ap/Bw 9T | IpBw T+ | T0/BW ZT- | /AW 0 Mgy | v9e=N gz8UMINRIOQ/O L4/4aL
p/Bw 06— | IPBwZT- | IPBWTEH | Tp/Bw 80— M6 | 0S5=N zzAuMIA /O L4/4aL
Tp/Bw 9'gT+ | Ip/Bw 0’8+ | Ip/BW T'ET+ | p/Bw T+ Mgy | G5€=N (T2UBIINRI/O 1 4/4aL
Ap/Bw T - | IpBweG+ | IpBw o+ | Ip/Bw TG M 96 | 009=N gritneIBaIed+0 1 4/4a1
p/Bw g+ Ip/fw p+ p/Bw G+ Ip/Bw T+ SIM By | 998=N 121000/41NeIB8YA[3/D 1 4/4VL
p/bw z+ | IpBw g+ | pPwzT+ [ Ip/Pw GT+ Mgy | Gze=N oz!1NeiBaIn|0Q+014/4vL
Ip/Bw g+ p/Buw G+ p/Bw 6+ p/bw T+ smgy | oze=N 0zAINeIB311G/D 1 4/4VL
ap/Bw g+ | IpBw e+ | IpBw g y+ | Ip/Bw 66+ Mgy | €56=N riinelBainioa/o Le/oav
oL O-1aH o-1a7 OL | uoneing | sjdwes aweN

suswifiay [eJIN0BINUY Pa1I3]as YIM suonela)y pidi

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Expert Opin Pharmacother. Author manuscript; available in PMC 2020 October 01.



Page 22

Gebhardt and Fichtenbaum

sasop abesany
*

‘Apn1s aA9adso.ial

SSBUBAI0YS AIrRIedWOD “JIpRU JUNOD |19 +¥AD pue Adelayy [eJIA0181nUR duljaseq ‘Xas okl ‘abe ‘sanjen pidi| suljaseq Joy paisnipe sabueyo abesane Buipinoid sisAfeue yum paquosald unes feniul

Author Manuscript

4
%.'6¢- %68+ %0°2- %T6T- Bwy | 9zT=N | osUMEISEAELd
%G'0¢- % L+ %€'8— %L 'ET— SHIM 2§ Bw o 92T=N ogunelseneld
p/Bw g'vE- p/Bw 6°€+ p/Bw z9- p/Bw gvE- smg | Bw oy 62=N | goUlIEISEARI
%G’ L+ %L 'S+ %Z v+ 3|qe|iene 10N G/=N sv009%€|d
%Y €C- %.L 0+ %SG+ a|ge|lene J0N SYM 8F Bw ot Z/=N | eyUneIseAnsoy
%2e— %62+ %0€- %2Z- smyz | Bw ot 9T=N | tgulreIseAnsoy
(%2€-) /bW 92— | (%b+) Tp/Bw T+ | (%Tr-) T0/Bw 0eT- | (%L2-) Tp/Bw 18- simyz | Bw ot 02=N | eguireIsEAIONY
%0v— %0T+ %Tr- %9Y— smey | Bw oy 9g=N | cgUnEISEARId
%0¢- abueyo oN %ET- %9T- smer | Bwoy €8=N | gyUleISEARId
Tp/Bw 9g- a|qe|rene J0N a|qe|rene J0N Ip/Pw gGe— SHM 02 Bw oz €9=N | ggUlleIseAlIOlY
. Bw oz 456N
p/bw gz- p/Bw 90+ p/Bw £8- p/Bw gy- Bui o1 4E08=N LyUIEISEANSOY
p/Bw 9z- p/Bw 90— p/Bw 09- p/Bw 6g- “bwoy | Togzen | MREISEMOY
p/bw ZT- p/Bw 7T~ p/bw - p/bw 5z- M ZS | « 4 puneIsereld
9zIS
aan lelz] o1 D1 | uoneang asog | sjdwes
AIH YiM suosiad ut Adesay 1 unels Jo salpnis paios|as
Z 9|qel

Author Manuscript

Author Manuscript

Author Manuscript

Expert Opin Pharmacother. Author manuscript; available in PMC 2020 October 01.



Page 23

Gebhardt and Fichtenbaum

"SUOIIRJIUBOUO0D UIIEIS Ul SUOITRJa)[e Slussaldal ereq ‘UoNeiusouo) Bniq aaIng ayl Jspun ealy=JNY ‘JeisIIqod=1q00 ‘JIABuON Y=Y

*SUOITEPUBWILLODA Je[ILUIS UIIM JIABUOIL JO Jeyl 0) sSnoBojeue si 181s00q diiauIyodeweyd e se 1eIsio1go9 JO asM 810N

e1ep oN eep oN eep oN abueyo oN auadiry

e1ep ON pa1oadxa uororIaIul ON pajoadxa uonoeIaIul ON ejep oN e1ep oN auideainaN

e1ep oN pa10adxe uonoRIaIUI ON pa10adxe uonorIaIUl ON eep oN %.LE DNV 4 ENBIN

%¢. ONY 1 elep ON %€ DNV * %1T ONV 7+ %Y1 ONV * Zualine}q

9s0p 8sealoul 0} pasu A\ Bw Op-02 isunsnipe asop oN Jusunsnipe asop oN | usunsnipe asop oN dn ayenn bw oz LeIS SI1HNN

%6S0€ DNV | Blep ON %67 DNV * Blep ON %6. NV | Y/ineuinbes
Elep ON %80T DNV | %EE INV | %0¢ ONV %887 DNV d/aineurdo
elep ON %87 DNV | %ECONV | %6 ONV 1 plo4- ONv | | 1903 40 ¥/aineunieq
eJep ON plo4-€ ONV | BlEp ON %TEINV | BJEpON | 190D 40 d/HIneuezely

pajesIpuIeIu0)

AjIngaled ayeay ‘Bw oT 1e Lels

papaau se ajen ‘B oy Yel1s

jusunisnipe asop oN

Aqinyaied arean 6w 0z-0T UeIS

SI0)IqIYU | 358910 1df

UIeISeAWIS

UIRISeANSOY

uneiseseld

uelseneNd

uneISeAIoly

aweN

Author Manuscript

S[eJINO0JII1IUY PB1J3]9S PUR SUIRIS Udamiaq suonoelsiu] Bnig-bnuq Jolein

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Expert Opin Pharmacother. Author manuscript; available in PMC 2020 October 01.



Page 24

Gebhardt and Fichtenbaum

Author Manuscript

"yreap uappns pue ‘elwylAyIsAp
JeipJed Jueubifew ‘Buryelh ssedAq A1a1e A1eU0IOD ‘UOIIUBAISIUL UOIIEZIIB[NISEAR AJRU010D Snoauendlad ‘ainjie) Jeay 19SsuU0 Mau ‘UoIIaJejul [RIPIBIOAIN -SIUBAT JR[NISBAOIPIRD 3SIaAPY Jolel\
*

‘ddD parens|3 Jo Bupjows ‘uoisuapadAH

‘aseasip Alae Areuolod ainjewsld Jo A10isiy Ajiwe ‘saiageld JO ‘esessip [euane [esaydiiad ‘aseasip JejnaseAoqalad ‘aseasip Alale Aeuolo) 180 81y} JO T 1Sed] 1V -sl AQD YBiH Jo aresspoN

)

3SeasIp JeJNISeAOIPJed J110J3[9S0IBYIY
=AA2JSYV ‘Aydesboibue AydesBowoy paindwo) =v19 ‘AydesBowo uoissiwa uoinsod asoon|BAxospolon|4 =19 -13d -9A4 ‘[eli) pajjoiuod paziwopuey =1y ‘suisjoidodi] Aysuap-mo =1a1

1202 Jaquianon :uonsjdwon

10-134-904 Aq

qewnNooII|Y
0vT=N
Sy9aM ZG

SisHand UBiH 1o ayesspolN

p/pw 009 S sapLIBdA|BLIY Bunseq
qp/Bw 02 =1A7
gWW/s|192 00Z< SI18D L ¥ad

8102 |1dy :pauadQ uonewweu| [elaly | 10 pajjoiiuod-0gade|d sieak oy aby 90tAIH-01d3

JueJs|oul ulrels

JO uness [ewixew uQ

AADSY ANV 1p/Awo. = 0-1a71

gewnaojons O XS AAD

L9%=N UBIH ANV T1p/BwoOT < 0-1a7T

[8ge| usdo — Mtz | TP/PW 009 S sapriadA|BLy Bunsed

020z aung :uonajdwo) papullg — s)8am g WW/[99 0S¢<¥dD
1102 AeN :pauadQ D-T1@7 uruonanpay | 10¥ pajjoauod-0gade|d sIeak gT< aby sotNIONV

€202 Yo\ :uonajdwo)d
GTOZ Yose :pausdQ

SJUBAT Jejndsenoiple)d
¥

3sIaApY JofeN
= SIUBAT [edIUI1D

008=N
V.LO yum Apnisgng
ONISIUBYIBIN Pappaquia
uljeiseAelld

00S/=N

10¥ P3]|041u02-0Qade|d

p/Bw 02>71a7 snjd %ST<
p/6w 0£T>71a7 Snid %ST-0T
p/Bw 09T>T1a7 snid %0T-%G'2
p/Bw 061> sNId %2>
181008 YsId AADSY

AADSY Joud oN

Tp/pPW QOS> SapLIvdA|bL) Bunse
cWW/|189 00T<¥AD

sieak G/-0f aby

£9-203/A31dd3H

aufaLL

juiodpu3

ubisag

eLIdID A1qug dolen

el

¥ alqeL

Author Manuscript

AIH YlIm suosiad ul speril Adesayl Burismol-pidi Buiobuo

Author Manuscript

Author Manuscript

Expert Opin Pharmacother. Author manuscript; available in PMC 2020 October 01.



	Abstract
	Introduction
	Lipid disturbances in untreated HIV infection and Polygenic Influences
	Antiretroviral effects on lipids

	Risk Assessment and Screening
	Treatment of Dyslipidemia
	Statin Overview
	Statin Effects on Lipids
	Statin effects on atherosclerosis and Inflammation
	Statins and Drug Interactions with Antiretrovirals
	Statin Adverse Effects

	Miscellaneous Lipid-Lowering treatments
	Omega 3 Fatty Acids (Fish Oil)
	Fibrates
	Niacin
	Absorption Inhibitors (Ezetimibe)
	Proprotein Convertase Subtilisin-Kexin Type 9 Inhibitors (PCSK-9 Inhibitors)

	Conclusion
	Expert Opinion
	References
	Table 1
	Table 2
	Table 3
	Table 4

