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Overcoming Obstacles in Lipid-lowering Therapy
in Patients with HIV - A Systematic Review of Current
Evidence
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Abstract

Cardiovascular risk management in human immunodeficiency virus (HIV)-infected individuals is gaining
increased attention due to the rising incidence and prevalence of cardiovascular disease in this popula-
tion. Despite the availability of efficacious treatment strategies, implementation of guideline advocated
preventive therapy, such as lipid-lowering therapy with statins, is hampered by perceived, expected, and
real side effects as well as by expected interactions with combination antiretroviral therapy. These ob-
stacles to optimal treatment have resulted in a large gap between the number of patients in whom lipid-
lowering therapy is indicated and those actually taking lipid-lowering medication. In the past few years,
research has shown that the majority of patient-reported side effects is not causally related to statin
therapy but is attributable to the nocebo effect. Furthermore, excessive caution due to expected drug
interactions between statins and antiretroviral therapy is often unnecessary, especially with novel class-
es of antiretroviral therapy. The main aim of this review is to discuss the causes and consequences of
this lipid-lowering treatment gap in HIV-infected patients together with a practical guide on how to
overcome these obstacles. In addition, new treatment options on the optimal cardiovascular management
focusing primarily on novel classes of antiretroviral therapy and lipid-lowering medication will be dis-
cussed. (AIDS Rev. 2018;20:205-219).
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Since the late 1970s, the rate of cardiovascular dis-
ease (CVD) mortality in the general population has
halved in most industrialized countries due to the suc-
cessful treatment of population risk factors such as
smoking, hypertension, and cholesterol'. This change
in the population prevalence of risk factors has strong-
ly increased the vascular disease-free survival in
low- and high-risk populations.

Similarly, the use of potent combination antiretroviral
therapy (cART) has dramatically improved the outcome
in patients infected with the human immunodeficiency
virus (HIV) from a deadly disease to chronic morbidity
with vastly increased survival’. This improvement in
HIV specific care gives rise to a situation in which the
prevalence of non-AlDS-related comorbidities - such
as CVD - among HIV-infected individuals is steadily
increasing®. Thus, in the HIV-infected population, ad-
equate strategies to prevent CVD are needed, specific
to the HIV-infected population, its comorbidities and
antiretroviral therapy.

This systematic review summarizes the existing
evidence on CVD risk in HIV-infected patients and
subsequently discusses the current obstacles in the
implementation of adequate risk management strate-
gies with a focus on low-density lipoprotein (LDL)
lowering. In addition, the effects of new develop-
ments in both antiretroviral (e.g., integrase inhibitors)
and lipid-lowering agents (e.g., anti-proprotein con-
vertase subtilisin/kexin 9 [PCSK9]) on the optimal
cardiovascular management in these patients will be
discussed.

Method

This systematic review was conducted according to
the Preferred Reporting Items for Systematic review
and Meta-Analysis framework. A systematic literature
search using two databases (PubMed Medline and the
Cochrane library) was performed using the following
search terms: HIV infection OR HIV; statin OR hydroxy-
methylglutaryl-coa-reductase inhibitors; intolerance OR
side effects OR myalgia OR muscle associated symp-
toms; adherence. We included only articles written in
English. Exclusion criteria for the studies were as fol-
lows: (1) article concerns non-HIV-infected population,
(2) article concerns treatment-naive HIV-infected pa-
tients, and (3) article does not address side effects due
to use of statin therapy.

Data extraction and validity

After applying the exclusion criteria and removing
duplicates, 5 articles were selected, and a further 6
articles were added after cross-checking references of
the identified studies (Figure 1). Full text evaluation of
the remaining studies for eligibility was performed in-
dependently by two authors (JEA and JW) using a
standardized data extraction form.

Inconsistencies between study forms were discussed
and reviewed by a third author (CD) for majority deci-
sion. Variables included in the form were study design,
method, and duration of follow-up, number of patients,
patient characteristics (i.e., age, sex, ethnicity, and
comorbidity), investigated statin, reported adherence,
reported toxicity, and number of patients with toxicities.
A summary of study characteristics is given in table 1.
Results were expressed as changes in lipid-profile and
the occurrence of symptoms and/or (laboratory) toxic-
ity due to statin use among HIV-positive patients.

HIV and cardiovascular risk

Compared to treatment-naive HIV-infected patients
and HIV-uninfected patients, those infected with HIV
have an increased relative risk of (subclinical) CVD of
approximately 1.5 to 2 fold*, which is due to both
HIV-specific risk factors and increased prevalence of
classical cardiovascular risk factors. The latter include
diabetes mellitus type 2 (DM2), smoking, dyslipidemia,
and hypertension®8. Although DM2 is not highly preva-
lent comorbidity among HIV-infected patients (preva-
lence of 2.85% among 33.389 HIV-infected patients)’,
DM2 does develop at an earlier age with a higher
prevalence among HIV-infected patients -~ when
compared to age-matched patients without HIVE. DM
prevalence is 3.8% higher (confidence interval [Cl]
1.8-5.8%) in HIV-infected adults compared with gen-
eral population adults®. Probably even more important
is the observation that HIV-positive patients are more
likely to smoke (42.4% vs. 20.6%) and are less likely
to quit smoking when compared to the general adult
population (32.4% vs. 51.7%)°. Therefore, smoking re-
mains an important cardiovascular risk factor in pa-
tients with HIV and smoking cessation may confer a
large reduction in cardiovascular risk. The age HIV
cohort study demonstrated that hypertension was also
more prevalent among HIV-infected individuals com-
pared to a well-matched HIV-negative control group
(45.4% vs. 30.5%)°. Finally, HIV-infected patients had
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Figure 1. Process of study selection.

an increased carotid intima-media thickness, a sub-
clinical marker of CVD, and compared to HIV-uninfect-
ed patients'®.

Next, to these classical cardiovascular risk factors,
there are also HIV-specific variables that play a role
in the development of CVD. Firstly, the HIV promotes
a state of low-grade chronic inflammation through
initial damage to the gut-associated lymphoid tissue
and subsequent leakage of enteric bacterial content
into the bloodstream and activation of macro-
phages'" "2 Since activated macrophages are a key
component of the atherosclerotic process and have
been shown to migrate toward the atherosclerotic
plaque'®, this constant immunomodulation has been
shown to increase the risk of atherosclerosis™. Ad-
ditional mechanisms possibly involved in the devel-
opment of atherosclerosis include direct virus-in-
duced endothelial dysfunction'™ and CD4 cell count
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depletion™. The balance between endothelial vascu-
lar injury and repair is important for the integrity of
the endothelium. Endothelial progenitor cells (EPCs)
are needed in the bloodstream due to their vascular
repair capacity. The study of Lépez et al. showed that
certain EPC levels were significantly lower in HIV-in-
fected than in uninfected controls (p = 0.012), which
supports the interpretation that the protective effect
of EPC on the development of atherosclerosis is im-
paired in HIV infection'. The above-mentioned CD4
cell count depletion may be more prevalent in non-
Western countries where the changed guidelines that
recommend to initiate cART in all patients irrespec-
tive of CD4 cell counts have not yet been imple-
mented'®. Furthermore, some frequent comorbidities
have an additive effect on the increased cardiovas-
cular risk seen in HIV-infected patients. For example,
around 20% of HIV-positive patients have chronic

207



AIDS Reviews. 2018;20

(senunuoy)

%81 0E<ING
‘%/¢ selegelq
%Ec 0E<ING
%9} seleqelq

%0 18410 ‘%0 OluedsiH
‘%EC O8I0 %L SUYM
%} 1810 ‘%0 oluedsiHy
‘%8¢ 08|q ‘% |/ SUYM

%Ec 0e<INgG %€ 18410 ‘%1 | oluedsiH %8 %8l 05<8by ac 18yYi0
‘%0¢ se1eqeld ‘%92 %OB|q ‘%89 UM %68 %11 05<8by G6 uljelseAnsoy
%Lc 0e<INgG %€ 1810 ‘%9 oluedsiH %E8 %/l 05<8by 08¢ uljelseneld
‘%El se1eqgeld ‘%02 MBI ‘%L SHUM %88 %/l 05<8by €0e ON uljelseAloly ‘e 18 ybuig
0c/9 Buows
02// uoisuspedAH (1) ueisy
0z/1 seleqelq (€) ®0e(q ‘(91) BHUM %06 Q1) L' (04 ON ullelseneld e Jo ulelg
%€y elwepldisAg
%G9/ | uoisuspadAy
%0} se1eqrIq
%G Gy elwepldisAg
%8G8} uoisuspadAy
%2 v} se1eqelg
% Ly BlwepldisAg
%695 UoisusadAnr uieISeAIo)Y
%Ee€ S818qRIQ %626 (86) €'t 80% unels esop ybIy/-aAd uieISeAwIS
%g Ly elwepidiisig %926 (r'6) Sy £6€ ulelS 8sop Mol-aAD unelseAn|q
%8'2S uoisualiadAH %198 @) 697 2/ uirels esop yobiy/+aAd uljelseno
%2/ € seleqelq ueme] %8°0. (zer) 1os 2/ unels 8sop Moj/+dAD ON unelsereld ‘’18 N0
uneIseAioe
‘UeISBAWIS
umounun umouNun 9zlze (69-78) ¥v 9% ON  ‘UIEISBAC] ‘UljBISBABld '[e 18 Yezued
(L'v) €52 Ing
%0'G Buiiows
%0’'0¢ UoisusuedAy
%0°GE selegelq
(cv) 092 INg
%19 Buows
%G'9G uolsusuedAy URISBONBD %0'G/ %0'G8 (6'6) 025 0z dnoib uieiseAnsoy
%8'7E se18gelq Uelseaned %9'¢c8 %956 (#'2) G99 ¢z dnoib eqiuwinezy SOA uljelseAnsoy ‘e 19 Ipoges
%E' € (16-ev) v G 1841} 0Ga2JE|d
umousun ueoljy/epuebn %E'ES (05-07) v G1 181y Brup sApoy ON UpelSBAIOYY 2 10 OyeluBdeN
aleway/alen pasn
Aupigiowon Aya1uyya/Aiuno) aew 9, (as/ebueu) abe ueapy "'ON ajeiqidq uijeys pajebiisanu] loyiny

solsualoeIeyd auljeseq ‘| a|qel

208



Table 1. Baseline characteristics (Continued)

Comorbidity*

% male Country/ethnicity

Male/female

Mean age

No.

Fibrate
used

Investigated statin

Author

(range/SD)

Unknown Unknown

12/4
90.9%
96.2%
76.2%

44.2 (38-56)
505 (9.3)

16

No

Rosuvastatin

Calza et al.

Unknown

Unknown

Elevated LDL cholesterol level at baseline 616

Elevated TG level at baseline 213
80

Yes

Different statin

Silverberg et al.

46.8 (8.8)

Unknown

Unknown

455 (42-54)

Atorvastatin, No

pravastatin,

Milazzo et al.

rosuvastatin,
simvastatin

91.0% White 66%, black 10%, Unknown

< 25 years 1%

174 (86 on statin)

Yes

Pravastatin

Aberg et al.

Hispanic 22%, Asian

25-34 years 10%

1%, American Indian

35-44 years 52%

1%

45-54 years 33%
Over 55 years 4%

76% Unknown Unknown

47 (39-58)

245 (66 on statins)

Different statins Yes

Bonnet et al.

Dekkers, et al.: Lipid-lowering Therapy in Patients with HIV

*Diabetes, hypertension, dyslipidemia, smoking, obesity (BMI>25 kg/m2)

BMI: Body mass index, LDL: Low-density lipoprotein cholesterol, HDL: High-density lipoprotein cholesterol, TG: Triglyceride, CVD: Cardiovascular disease, TC: Total cholesterol. SD: Standard deviation

hepatitis C while it is suggested that coinfection with
both HIV and HCV may behave synergistically wors-
ening the CVD risk™2_ [t is important to point out that
several observational studies have reported associa-
tions between specific antiretroviral agents and in-
creased CVD risk. For example, the D:A:D study re-
ported on the almost 2 times higher risk associated
with abacavir, a nucleoside reverse transcriptase in-
hibitor, and on cardiovascular events (D:A:D study)
compared with patients with no recent use of the
drug?'?2. Subsequent cohort studies together with a
meta-analysis and an FDA-report, however, did not
confirm this observation®?%, In addition, older cART
regimens were known to cause hypercholesterolemia,
increasing the risk for CVD?. However, development
of newer cART has led to less effects on cholesterol
with a subsequent lower cardiovascular risk.

Lipid-lowering in HIV-infected patients

In the general population, statin therapy is the cor-
nerstone for prevention and treatment of CVD since the
use of statins was proven to be very effective in reducing
CVD in various patient populations?’. The lipid-lowering
effectiveness of statins in HIV-infected patients on cART
was confirmed in a meta-analysis showing significant
reductions in plasma total cholesterol (TC) levels, com-
parable to those in the non-HIV infected population,
with similarly low rates of adverse events®®. Especially,
LDL-cholesterol (LDL-C) levels and to a lesser extent
triglyceride (TG) levels were both effectively reduced
by almost all statins?®. The studies included in this sys-
tematic review confirm that the use of statins is effective
among HIV-infected patients. Statins decrease TC lev-
els by 18-27%, TG levels by 15%*%° and LDL-C levels
by 21%3'. In addition, research shows that there is a
lower CVD risk in HIV-infected patients receiving inten-
sive statin therapy: patients with a high potency statin
(i.e., atorvastatin) showed a lower CVD risk compared
to patients with a low potency statin (i.e., pravastatin)®.
These results are outlined in table 2.

CVD guidelines developed for the
HIV-positive population

The European AIDS Clinical Society (EACS) states that
statins should be used by all HIV-infected patients with
established CVD and among those with type 2 diabetes
or a 10-year CVD risk of > 10%, irrespective of lipid
levels'®. Lipid treatment goals that are to be used as
guidance are adopted from the EACS Guidelines'® and
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are showed in table 3. Although it remains unclear when
standard or the optimal treatment goals should be pur-
sued, it is currently recommended that TC levels should
be <4 mmol/L (155 mg/dL, optimal treatment goal) or 5
mmol/L (190 mg/dL, standard treatment goal) and LDL-
C levels should be <2 mmol/L (80 mg/dL, optimal treat-
ment goal) or 3 mmol/L (115 mg/dL, standard treatment
goal). These recommendations are in contrast to the
2016 ESC guidelines for the general population which
clearly defines a risk-based approach with LDL goals of
< 2.5 mmol/L (97 mg/dL) and < 1.8 mmol/L (70 mg/dL)
dependent on predicted cardiovascular risk®.

The expected absolute benefit of lipid-lowering de-
pends mainly on the underlying risk of CVD and expo-
sure time of the treatment'®. Therefore, it is necessary
to calculate an individualized CVD risk. Individualized
10-year CVD risk prediction models, such as the ath-
erosclerotic CVD risk score (ASCVD) or the systematic
coronary risk evaluation score (SCORE), are used in
the general HIV-uninfected population®*. Using the
database from the data collection on Adverse Effects
of Anti-HIV Drugs Study (DAD), Friis-Meller et al. de-
veloped a cardiovascular risk-assessment model spe-
cifically tailored to European HIV-infected patients®. It
was demonstrated by Krikke et al. that the Framingham
Heart Study (FHS) over-estimated overall CVD risk in
HIV-infected patients compared to the DAD, ASCVD,
and SCORE-NL models®,

Do we achieve our treatment goals?

The percentage of patients achieving LDL-C levels
below threshold levels varies from 23.1% to 52.8%3¢
39 Even though the fact that HIV-positive patients are
less likely to achieve target values compared to
HIV-uninfected patients®, they would still benefit
from lipid-lowering medication. However, the majority
of HIV-positive patients who meet criteria for statin
therapy using current guidelines are not receiving
it*0, Despite the high prevalence of dyslipidemia in
HIV-infected patients (up to 80%), < 10% of these
patients are truly on statins*'. These low rates of
statin prescription may be due to (perceived and
expected) side effects or to expected interactions
with cART.

Reasons for not achieving our treatment
goals

In the general population, approximately 50% of pa-
tients discontinue statin therapy within the 15t year of

treatment initiation and this percentage increases even
further over a longer treatment period*. These discon-
tinuations are mostly attributable to non-adherence
defined as the extent to which patients are not able to
follow the recommendations for prescribed treatments.
With statins, non-adherence is mostly due to (per-
ceived and expected) side effects*.

Side effects

On the one hand, there are real side effects that
can be traced back to the pharmacodynamic mech-
anisms through which statins exert their effects, and
on the other hand, there are perceived side effects
that are felt by patients but are unrelated to statin
use*. In either case, it leads to discontinuation of
statin use. It is difficult to estimate the true preva-
lence of statin intolerance since inconsistent defini-
tions are mentioned in literature. In the general pop-
ulation, 10-25%%46 of patients receiving  statin
therapy complain of statin-associated muscle symp-
toms (SAMS), which is defined by (symmetrical)
muscle aches or myalgia, weakness, stiffness, and
cramps*’. However, in an internet survey, up to 60%
of statin users reported SAMS*. The prevalence of
real side effects seems to be between 10 and
15%4849 but only very few (< 1%) develop serious
side effects such as myopathy, myositis, or rhabdo-
myolysis*®. A good definition can help distinguish
between perceived and proven statin intolerance.
The unified definition of proven statin intolerance is
as follows: if after treatment with several statins, at
different doses, the muscle symptoms (and/or other
mentioned above side effects) are still intolerable
and/or abnormal values of biomarkers (> 10-fold in-
crease in CK, together with increases in serum cre-
atinine) remain, and the subject can be characterized
as intolerant to statin®.

The muscle symptoms due to the use of statin ther-
apy in the HIV-infected population that are found in
literature are outlined in table 2. In the largest study
by Ou et al., none (0.0%) of the 945 examined HIV-
infected patients developed muscle symptoms while
on statin therapy®2. This observation was confirmed in
other studies in which no significant clinical or labora-
tory adverse events occurred®3. However, other
studies reported on the occurrence of muscle symp-
toms while using a statin in some HIV-infected pa-
tients who did not discontinue statin therapy?®3'.54,
Just like in the general population, inconsistent defini-
tions are used which makes it difficult to estimate the
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Table 3. Target levels expressed as mmol/L with mg/dL in
parenthesis. In case of LDL cannot be calculated due to
high TG levels, the non-HDL-C (TC minus HDL-C) target
should be used which is 0.8 mmol/L (30 mg/dL) higher than
the corresponding LDL-C target

Target Optimal Standard
TC < 4 (155) < 5(190)
LDL < 2(80) <3 (115)

LDL: Low-density lipoprotein cholesterol, HDL: High-density lipoprotein
cholesterol, TG: Triglyceride, TC: Total cholesterol

true prevalence of statin intolerance in the HIV-infect-
ed population. For example, in one study rhabdomy-
olysis was diagnosed in patients with non-cardiac CK
elevation >1000 IU/L%®, whereas in another study
rhabdomyolysis diagnoses required a CK level of 500
U/L or greater®. As a result, Silverberg et al. deter-
mined that three out of 829 HIV-infected patients suf-
fered from rhabdomyolysis, while none of the patients
had myalgia, myositis, or myopathy®. In the retro-
spective cohort study of Singh et al., an elevation in
CPK level was the most common potentially serious
toxicity (15 patients, 2.2% of all study participants):
five patients had CPK-level elevations between 1000
and 10,000 U/L and one patient had an elevation >
10,000 U/L%8. No reports of rhabdomyolysis or other
symptomatic side effects were found in a randomized
trial of Aberg et al.%".

Adherence

When it comes to understanding adherence, it is
not relevant to distinguish between proven and per-
ceived statin intolerance since adherence is likely to
be driven by what patients believe - regardless of
whether this is “true” or “false”#. Different studies
have investigated reasons for being non-adherent to
statins by examining patient’s specific barriers to ap-
propriate use in the general population. The most
common patient-reported reasons in the general
population for discontinuing statins were adverse ef-
fects (20-42.2%), worries about developing adverse
effects (12.7-35%), and doubting the necessity of or
lacking knowledge about the efficacy of statins (40-
70%)*344. Concerns about medication interaction
were also reported**. Furthermore, wider prescription
of statins in primary prevention where the benefits
may be less obvious to patients, especially in the
short-term, may also contribute to greater non-adher-

ence and discontinuation®’.

So how does this relate to HIV-positive patients?
Concerning adherence, considerably less is known in
the HIV-infected population. Based on current
evidence, patients discontinue statins either due to
adverse events or due to unknown reasons®. In the
retrospective cohort study of Singh et al., discontinua-
tion of statin therapy due to adverse events was rare
with similar rates across the three commonly used
statins (7.3% for atorvastatin, 6.1% for atorvastatin, and
5.3% for rosuvastatin) and 7.2% discontinued statins
for unknown reasons®. While no reports of rhabdomy-
olysis or other symptomatic side effects were found a
randomized trial of Aberg et al., four patients discon-
tinued therapy. Strikingly, three out of these four
patients were receiving fenofibrate instead of statin
therapy. One other study showed that HIV-infected
patients were less likely to become non-adherent to
lipid-lowering therapy than patients without HIV-infec-
tion (22.0% vs. 27.3%) despite higher rates of adverse
gvents®®,

The findings above underscore that it is important to
recognize and classify side effects correctly because
in most instances side effects are not necessarily caus-
ally related to statin therapy. Furthermore, some pa-
tients discontinue statin therapy without any symptoms
or laboratory abnormalities at all.

The study of Ou et al. stratified HIV-infected patients
by medication adherence in statin therapy. Although
they did not examine reasons for being (non-)adherent,
they showed that HIV-infected patients who had ad-
hered to statin therapy had a lower CVD risk compared
to non-adherent patients®. It is important to distinguish
between both proven and perceived statin intolerance;
on the one hand, serious adverse effects, such as
rhabdomyolysis, could lead to death®, whereas on the
other hand, the benefits of proven cardiovascular risk
reduction with statins outweighs mild-to-moderate and/
or perceived adverse effects.

Interaction

A possible explanation for real side effects lies in
drug-drug interactions between statins and" cART
leading to higher plasma statin levels than expected®®.
Of particular importance is the interaction between
drugs that inhibit the CYP3A4 metabolic pathway. The
CYP3A4 isoenzyme is the most prevalent isoenzyme
in the cytochrome P450 enzyme system, and statins
that are metabolized through cytochrome P450 3A4
include atorvastatin, simvastatin, and lovastatin. Rosu-
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vastatin and the less efficacious statins fluvastatin and
pravastatin have less potential for interaction and the
associated changes in plasma concentration since
these drugs are metabolized by CYP2C9 (rosuvastatin
and fluvastatin) or have non-CYP metabolization
(pravastatin)*.

Since drug-drug interactions between statins and
cART may lead to higher plasma concentrations,
HIV-infected patients are thought to be more prone to
develop side effects. Several studies suggest a dose-
dependent association between statins and SAMSE0:81,
In the HIV-infected population, it is, therefore, often
recommended to start with the lowest possible statin
dose and to monitor closely for adverse effects®263,
but there is no evidence to support the assumption
that the risk of muscle symptoms differs significantly
according to statin intensity. Indeed, a meta-analysis
did not find a significant dose-dependent association
between statins and the risk of musculoskeletal com-
plaints®.

In discussion with patients who believe they are
having side effects, it is important to evaluate the
likelihood that the symptoms are causally related to
statin therapy or some other cause. In the study of
Silverberg et al., HIV-infected patients were not pre-
scribed the same statin intensity or regime as patients
without HIV-infected to avoid potential drug-drug in-
teraction. Still, a discontinuation rate of 22% was ob-
served within 12 months®. This fits with perceived
statin intolerance rather than proven statin intoler-
ance. Looking at different clinical trials and observa-
tional studies in the general population, the difference
between proven and perceived statin intolerance be-
comes even clearer: a high rate of muscle and other
symptoms attributed to statins are reported in both
observational studies and clinical practice. In sharp
contrast; however, randomized controlled trials have
shown similar muscle symptoms in the statin and pla-
cebo groups®. For example, Gupta et al. described
that the rate of muscle-related side effects increases
when patients and their doctors are aware that statin
therapy is being used while no increase in side effects
was seen during the double-blind phase of the
study®®. This apparent discrepancy is to a large de-
gree explained by the nocebo effect, which is the
inverse of the placebo effect. The nocebo effect is
defined as “adverse events, usually purely subjective,
that result from expectations of harm from a drug,
placebo, other therapeutic intervention, or a nonmed-
ical situation”®. In this manner, a harmless drug can
be injurious.

Suggested solutions for narrowing the
statin treatment gap

Addressing the nocebo effect

The expectations of harm from a drug can be pow-
ered by many factors, such as increased media cover-
age of drugs and their perceived side effects*’. In the
current age of internet and social media with its global
reach and quick dissemination, the risk of nocebo has
increased®”. More importantly, the principle of informed
consent may reinforce the nocebo effect since it obli-
gates clinicians to explain possible side effects when
prescribing a drug®®.

Clinical management of the nocebo effect, first of all,
includes awareness and recognition by clinicians. Rec-
ognition of the nocebo effect is challenging though due
to their often-close links to known side effects.
Therefore, it is rarely possible to evaluate the precise
contribution of the nocebo effect. Shaping patients’
expectations of the potential side effects of statins and
discussing media coverage may reduce the appear-
ance of the nocebo effect. A randomized controlled
study, which aimed to investigate whether nocebo ef-
fects can be reduced, has shown that nocebo effects
can be minimized and even reversed by conditioning
with verbal suggestion®®. Negative expectations formed
from exposure to media warnings about health risks
can be reversed or diluted as well by accessing posi-
tively framed health information®’.

It is expected that minimizing the nocebo effect may
decrease the occurrence of perceived side effects in
the HIV-population as well. In addition, the develop-
ment and successful introduction of novel classes of
antiretroviral drugs have led to alternatives with less
drug-drug interactions, which may increase statin pre-
scription and adherence among HIV-infected patients.
Is this the future way to go?

Changes in antiretroviral therapy

A general strategy considered in patients with sig-
nificant cART-induced dyslipidemia is switching cART
away from those that may affect the dyslipidemia®.
Many of the “older” antiretroviral drugs have dyslipid-
emic properties®®, which tends to be most marked with
HIV PI's ritonavir and ritonavir-boosted lopinavir®. Al-
though NNRTI's induce less dyslipidemia than PI's,
both efavirenz and most NRTI's have dyslipidemia ef-
fects’®. New antiretroviral classes have significantly
changed the HIV treatment armamentarium thereby
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greatly facilitating the process of managing cART-in-
duced dyslipidemia.

The introduction of integrase strand transfer inhibi-
tors (INSTI's), quickly shifted treatment paradigms
due to its superior efficacy in combination with an
excellent safety profile’""2. Rockstroh et al. compared
3 years of antiretroviral therapy with different treat-
ment strategies and showed that raltegravir was as-
sociated with fewer drug-related clinical adverse
events and significantly smaller elevations in LDL-C
levels compared to efavirenz’®. Newer additions, do-
lutegravir and elvitegravir have a similar favorable
safety and tolerability profile and also have little effect
on lipid profile’™75. This applies to the most recent
addition bictegravir as well’®. Due to its efficacy, its
safety and its “lipid-friendly” characteristics, INSTI's
are currently preferred first-line antiretroviral therapy
in HIV-infected patients””.

In addition, INSTI's solve the problem of CYP-in-
duced interactions between statins and antiretroviral
therapy as both raltegravir and dolutegravir are not
eliminated by a substrate of cytochrome P450 en-
zymes, but mainly through hepatic glucuronidation’®7°,
Due to this, the clinical need for statins with low drug
interaction potential has become less urgent. Although
a potential drug-drug interaction with through the gluc-
uronidation metabolic pathway was suspected, a
healthy volunteers study showed no significant interac-
tion between pravastatin and raltegravir®®. Up to the
present, no data have been published about the con-
comitant use of dolutegravir and statins.

Bictegravir, which is currently only licensed in the US,
is a substrate of CYP3A4 and glucuronidation (UG-
T1A1). However, it has low potential to induce drug-
drug interactions in healthy volunteers; bictegravir is
not an inhibitor or inducer of CYP3A4 or UGT1A181,
Since elvitegravir is coformulated with the booster co-
bicistat, there is inhibition of CYP3A proteins, which
may result in increased plasma concentrations of es-
pecially simvastatin and lovastatin and in theory more
side effects®8, Elvitegravir is a modest inducer of
CYP2C9 and may decrease the plasma concentrations
of fluvastatin, which is a CYP2C9 substrate®?.

Other new classes of antiretrovirals such as the
entry inhibitors maraviroc (a C-C chemokine receptor
type 5 inhibitor) and enfuvirtide (a cell fusion inhibi-
tor), although not very often used in clinical practice,
both have little effect on plasma lipid levels®4. In
addition, neither are inhibitors nor inducers of any of
the major CYP450 enzymes®-88. Figure 2 provides an
overview of the current practical recommendations

with regard to concomitant use of statins and antiret-
roviral therapy.

Although the use of newer antiretroviral medication
allows physicians to safely treat HIV-infected patients
with statins, it is not the only way to circumvent poten-
tial drug-drug interactions. If there are still patients who
cannot tolerate statins due to perceived/objected side
effects, it is also possible to change the lipid-lowering
part of the equation.

Changes in Lipid-lowering therapy

Most patients who experience side effects might be
able to tolerate a lower dose than the dose that leads
to side effects, longer dose intervals, or an alternative
statin. In experienced hands, > 90% of patients with
statin-associated symptoms can keep on taking statins
over the long term and gain the full clinical benefit of
statin treatment after a readjustment of statin therapy*”.
In addition, besides statins, there are also other
lipid-lowering options. In patients with HIV, there is
extensive clinical trial experience with lipid-lowering
therapies other than statins, such as fibrates®” and
ezetimibe®, showing that these therapies are well toler-
ated and effective. Moreover, research has shown that
coadministration of ezetimibe and statins in the gen-
eral population reduced LDL-C levels 25.8% more than
with statin only therapy®. The addition of ezetimibe to
statin therapy is also efficacious in the HIV-popula-
tion®. It is expected that the availability of the generic
form of ezetimibe will have an impact on prescribing
patterns, which will shrink the patient pool of statin-
intolerant patients.

Over the past years, monoclonal antibodies that in-
hibit PCSK9 have emerged as a promising new class of
drugs that very effectively lower LDL-C levels®!%. PCSK9
inhibitors produce a 40-72% reduction in the LDL-C
level when combined with a statin or when administered
to patients not taking other LDL-C-lowering drugs®.
Blocking the activity of PCSK9 reduces the degradation
of LDL receptors and increases the clearance of LDL
cholesterol®*. Recent data have shown that PCSK9 in-
hibitors are safe and associated with a reduction in car-
diovascular events in the HIV-uninfected population®'.

Since evolocumab and alirocumab are very costly®,
the addition of a PCSK9 inhibitor to standard background
therapy often exceeds accepted cost-effectiveness
thresholds®. PCSK9 inhibitors are currently recommend-
ed for people at highest risk of CVD who cannot reduce
their LDL cholesterol levels sufficiently on standard lipid-
lowering therapy or with proven statin intolerance.
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Evaluation of HIV-positive patients prior to statin initiation
Irrespective of lipid levels, start statin treatment in case of:

- Established CVD
- Type 2 diabetes
- 10-year CVD risk >10%*
4
Advise on use together with cART
Drug Dose Use with Pl Use with NNRTI Use with INSTI
Atorvastatin 10-80 mg qd Safe** Safe Safe
Start with low dose Start with normal dose Start with normal dose
Fluvastatin 20-80 mg qd Safe Safe Safe
Start with normal dose | Start with normal dose Start with normal dose
Pravastatin 20-80 mg qd Safe Safe Safe**
Start with normal dose | Start with normal dose Start with low dose
Rosuvastatin 5-40 mg qd Safe** Safe Safe
Start with low dose Start with normal dose Start with normal dose
Simvastatin 10-40 mg qd Contra-indicated Adjust dose according to Safe
lipid responses, but donot | Start with normal dose
exceed maximum
recommended dose
Lovastatin 10-40 mg qd Contra-indicated Adjust dose according to Safe
lipid responses, butdonot | spart with normal dose
exceed maximum
recommended dose

Figure 2. Practical recommendations regarding to statin use. *Use DAD, ASCVD, or SCORE-NL models. **Statin and antiretroviral drug

share metabolization pathway.

Practical recommendations regarding to statin use,
which are based on what is discussed in this article
together with information from the current EACS guide-
line, are given in figure 2. However, statin intolerance
is not discussed in the current EACS guideline and
clear guidance on how to assess or approach a pa-
tient who is statin intolerant, whether it is perceived or
proven, is lacking. We, therefore, propose a therapeu-
tic flowchart for the management of statin intolerance,
in which a clear distinction is made between per-
ceived and proven statin intolerance and in which the
possible lipid-lowering therapy options are shown in
figure 3.

Conclusion

The population of HIV-positive patients has devel-
oped into a high-risk population for CVD which neces-
sitates stringent cardiovascular risk management. De-
spite the availability of efficacious treatment strategies,

implementation of guideline supported lipid-lowering
therapy with a statin is hampered by perceived, ex-
pected, and real side effects and expected interactions
with cART. During the past few years, research has
shown that side effects often are not attributable to the
pharmacological action of a statin. Instead, the nocebo
effect is responsible for the majority of the patient re-
ported side effects. Better education of both physicians
and patients and using a proper strategy of
communication might be beneficial in reducing the no-
cebo effect, which will subsequently lead to successful
initiation and maintaining the patient on a statin. For
those patients with real side effects on statin therapy
despite changes in the choice of statin, dosage interval
and precise dosage or addition, new options in lipid-
lowering therapy are available including maximally tol-
erated dose statin in combination with ezetimibe, as
shown in figure 3, or in selected cases, anti-PCSK9
therapy. Finally, newer antiretrovirals do not influence
the lipid profile and have a more favorable drug interac-
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Causes of side effects

Occurrence of side effects

- Statin associated
- Drugdrug interaction
- Unrelated to statin

N

use..

Severe side effects*

Mild side effects- /perceived
statin intolerance

Nocebo consideration

Minimize potential
nocebo effect by verbal

| 6 weeks of statin-free period | |2-4 weeks of statin - free period | suggestion

| Rechallenge

| ................ Different options

rechallenge

| Second statin at low dose | |Preferably second statin at starting dose|

- Switch statin
| - Change dose of first statin

\

- Statin with alternate day or
once/twiceveekly dosing

re-occur occur

re-oci

Severe symptoms Mild symptoms Mild symptoms

regimen (atorvastatin,
rosuvastatin)

cur

| Rechallenge

Repeat pattern at

v

least two times.
Consider different

| Symptoms reoccur

| options of rechallenge

v

Proven statin intolerance**

v

Switch to max. tolerated statin + ezetimibe

Symptoms persist\l/

Start nonstatin therapy
(e.g. ezetimibe, fibrates)

No adequate decrease in
LDL C-level

Consider anti-PCSK9 therapy

Figure 3. Therapeutic flowchart. *For example, Rhabdomyolysis, toxic hepatitis. eFor example, SAMS, nausea, laboratory abnormalities. eeFor
example, hypothyroidism, hypovitaminosis D, alcoholism, or excessive physical activity. **Definition can be read 4 pages above in the section

Side effects.

tion profile making concerns about the concomitant use
of statins and antiretrovirals unnecessary.
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