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ABSTRACT.

Introduction. Efficacy and safety of different statins for HIV-positive patients in primary prevention

remain to be established, along with the potential impact of HIV control and treatments on them.

Methods and Results. In the present meta-analysis, 18 studies including 736 HIV-positive patients on
highly active anti-retroviral therapy (HAART) treated with statins in primary prevention were short-
listed (21.0% women, median age 44.1, min-max (36.3,56.0)). Total cholesterol change, the primary
end-point, was higher with rosuvastatin 10 mg and atorvastatin 10 mg (mean -1.67, 95% confidence
interval [CI](-1.99,-1.35) mmol/l and -1.44, 95%CI(-1.85,-1.02) mmol/l, respectively). Secondary end-
points were: LDL change, more marked with rosuvastatin 10 mg (mean -1.12, 95%CI(-1.40,-0.83)
mmol/l), atorvastatin 80 mg (mean -2.10, 95%CI(-3.39, -0.81) mmol/l) and simvastatin 20 mg (mean -
1.57, 95%CI(-2.67, -0.47) mmol/l); HDL increase, greater with pravastatin 10-20 mg, rosuvastatin 10
mg and atorvastatin 10 mg; triglycerides reduction, obtained more decisively by rosuvastatin 10 mg,
atorvastatin 10 and 80 mg and simvastatin 20 mg. Mean discontinuation rate was 0.12 per 100 person-
years (95% CI (0.05,0.20)), and was higher with atorvastatin 10 mg (26.5 per 100 person-years, 95%
CI (13.4,64.7)). A meta-regression analysis shows that nucleoside reverse transcriptase inhibitors
(NRTTI)-sparing regimens were associated with reduced efficacy considering total cholesterol, HDL

cholesterol (along with non-NRTI-containing regimens) and triglycerides.

Conclusion. Statin therapy significantly lowers cholesterol values in HIV-positive patients with a
satisfying safety profile. HAART, despite well-characterized drug-to-drug interactions, do not affect
the effectiveness and safety of dose-adjusted statins, as the only significant interaction reported was an

enhanced lipid-lowering effect with NRTIs.

Keywords: HIV-positive patients, cardiovascular risk, statin therapy, antiretroviral therapy,

dyslipidaemia.
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INTRODUCTION.

Human Immunodeficiency Virus (HIV) positive patients are exposed to a higher risk of
cardiovascular (CV) adverse events, which represent the leading cause of death in this population,
especially after the introduction of highly active antiretroviral therapy (HAART). The increased risk is
related to the complex interaction between CV risk factors, to the deregulation of auto-immunity and to

the target therapy itself (1-5)

For HIV-positive patients, it is crucial to both assess and reduce CV risk, even more than it is
for HIV-negative patients. Hyperlipidemia represents a frequent finding, driven by negative lifestyle
habits, HAART therapy, and the virus itself (6-8). For example, protease inhibitors (PI) and nucleoside
reverse transcriptase inhibitors (NRTI) may be associated with a syndrome of abnormal fat

redistribution marked by peripheral fat wasting and central adiposity (9.)

While an aggressive diet has shown some promising results, statins (HMG-CoA Reductase
Inhibitors) (9,10) have become crucial and are widely used, thanks to their efficacy to reduce

cholesterol and to the pleiotropic effects regarding plaque stabilization and regression (11).

Current evidence, however, is fraught by the absence of data on the most efficacious statin, the
potential interaction with HAART and the rate of discontinuation due to side effects (12).
Consequently we performed a systematic review and meta-analysis to offer physicians an accurate

overview of the safety and efficacy of statin use in HIV-positive patients in the HAART era.
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METHODS.

To elaborate the present manuscript, we followed the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA), the amendment to the Quality of Reporting of Meta-analyses
(QUOROM) statement along with recommendations from The Cochrane Collaboration and Meta-
analysis Of Observational Studies in Epidemiology (MOOSE). To perform the Network Meta-
Analysis, the National Institute for Health and Care Excellence Decision Supporting Unit (NICE DSU)

guidelines were followed (13-18).

Search strategy

Two researchers (SG, FDA) searched on Medline/Pubmed, Cochrane Library, Biomed Central,
and Google Scholar for pertinent articles published in English according to the following strategy, with
established methods and incorporating wild cards (identified by *) with the following terms: ((statin)
OR (HMG-CoA reductase inhibitors) OR (atorvastatin) OR (rosuvastatin) OR (cerivastatin) OR
(fluvastatin) OR (lovastatin) OR (mevastatin) OR (pitavastatin) OR (simvastatin)) AND (hiv OR aids

OR (human AND immunodeficiency AND virus)) NOT (review[pt] OR editorial[pt] OR letter[pt]).

Study selection

All citations were discussed by two co-authors (SG; FDA) at the title and/or abstract level, with
divergences resolved after consensus. If potentially pertinent, they were appraised as complete reports.
Inclusion criteria were (all had to be present): (i) human studies, (ii) HIV-positive patients treated with
statin in primary prevention (iii) > 6 weeks follow-up. Exclusion criteria included: (i) non-human
setting, (ii) duplicate reporting (in which case the manuscript reporting the largest sample of patients

was included) and (iii) less than 75% of patients on HAART.
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Data extraction

For each paper, two co-authors (SG; FDA) elaborated these clinical features: authors, journal, year of

publication, location of the study group, baseline, CV and HIV features, kind and dose of statin.

Absolute change of total cholesterol was the primary end-point, while variation of LDL cholesterol,
HDL cholesterol and triglycerides and treatment discontinuation due to any adverse event the
secondary ones.

Impacts of age, CD4 cell counts, BMI, HAART (divided by regimens including at least one PI [PI-
containing regimens, from now on], regimens including at least one non nucleoside reverse
transcriptase inhibitors [NNRTI-containing regimens, from now on] and regimens not including NRTIs
[NRTI-sparing regimens, from now on]) length of follow up, time from HIV diagnosis and HAART
exposure duration were tested at meta-regression analysis. Sensitivity analysis was performed for kind

of statin, and after including also randomized controlled trials.

Internal validity and quality appraisal

Two unblinded reviewers (SG, FDA) evaluated the quality of the studies on pre-specified electronic
forms, with divergences resolved after consensus. According to the MOOSE, we separately abstracted
and appraised study design, setting, data source, as well as (in keeping with the Cochrane Collaboration
approach) the risk of analytical, selection, adjudication, detection, and attrition bias (expressed as low,
moderate, high risk of bias, or incomplete reporting leading to inability to ascertain the underlying risk

of bias).
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Data analysis and synthesis

Continuous variables are reported as mean (+ standard deviation [SD]) or as median (£ interquartile
range [IQR] or minimum and maximum value) as appropriate. Total cholesterol, LDL, HDL and
triglycerides values are expressed as mmol/l, where 1 mmol/l of total cholesterol, LDL or HDL
corresponds to 38.67 mg/dl and 1 mmol/l of triglycerides to 88.57 mg/dl.

Statistical pooling for incidence estimates was performed according to a random-effect model with
generic inverse-variance weighting, computing risk estimates with 95% confidence intervals (CI) by
using RevMan 5 (The Cochrane Collaboration, The Nordic Cochrane Centre, Copenhagen, Denmark).
Study bias was appraised by graphical inspection of funnel plots. Hypothesis testing for superiority was
set at the two-tailed 0.05 level. Hypothesis testing for statistical homogeneity was set at the two-tailed
0.10 level and was based on the Cochran Q test, with I> values of 25%, 50%, and 75% representing
mild, moderate, and extensive statistical inconsistency respectively.

Network meta-analysis was performed with random-effect models (derived from NICE DSU statement
(18)) with OPenBUGS 1.4.3 (MRC Biostatistics Unit, Cambridge, UK). Each analysis was based on
non-informative priors for effect sizes. Convergence and lack of auto-correlation were checked and
confirmed after a 100,000-simulation burn-in phase, and, finally, direct probability statements were
based on an additional 500,000-simulation phase. Deviance and deviance information criterion (DIC)
were used to appraise model fit. Results of network meta-analysis were reported as odds ratios (OR)
with 95% CI for categorical variables and mean differences (WMD) with 95% CI for continuous
variables. Extent of small study effects/publication bias was assessed by visual inspection of funnel
plots.

Metaregression analysis was performed with Comprehensive Meta-Analysis, reporting results as Beta,

i.e. regression coefficients.
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RESULTS.

The systematic literature search produced 236 citations that were screened and evaluated at the abstract
level (Figure 1). Of these, 37 were appraised as full text, among which 19 were excluded: six for not
stratifying results by statin type and dose (8,19-23), four for not assessing cholesterol variations (24-27)
three for including patients not on HAART (10,28,29), two for < 100% patients on statin (30,31), two
for duplicate reporting (32,33), one for reporting variations of lipid profile after poly-pharmacologic
therapy (34), one for reporting values not suitable for the present analysis (35). Finally, 18 studies were
included, of which two utilized pravastatin 10-20 mg (36,37), nine pravastatin 40 mg (38-46), seven
rosuvastatin 10 mg (37,39,42,47-50), two atorvastatin 10 mg (37,42), one atorvastatin 20-40 mg (51),

one atorvastatin 80 mg (52), one fluvastatin 20-40 mg (36) and one simvastatin 20 mg (53).

A total of 736 patients were included (see Table 1), of whom 21.0% were female, with a median age of
44.1 years (min-max (36.3, 56.0)) and mean BMI of 23.9 (IQR (23.3,25.1)). At baseline (Table 2),
median CD4 cell count was 521 cells/mm? (IQR (430,551)), mean time from HIV diagnosis was 107
months (IQR (75.3,118.8)) and average duration of HAART exposure was 69.1 months (IQR (62.0,

97.0)). The median follow up was 12 weeks (IQR (12,36)).

All patients were on HAART: 76.5% PI-containing regimens, 29.8% on NNRTI-containing regimens,

and 16.2% on NRTI-sparing regimens.

Rosuvastatin 10 mg and atorvastatin 10 mg were the two statins associated with higher variation in
total cholesterol levels (mean -1.67 mmol/l, 95% CI (-1.99,-1.35) and mean -1.44 mmol/l, 95% CI (-
1.85,-1.02), respectively, see figure 2), while rosuvastatin 10 mg (mean -1.12, 95% CI (-1.40,-0.83)),
atorvastatin 80 mg (mean -2.10, 95% CI (-3.39,-0.81)) and simvastatin 20 mg (mean -1.57, 95% CI (-
2.67,-0.47)) reported the most notable changes in LDL cholesterol (Figure 3). Relative reductions,

expressed as percentage, of total cholesterol and LDL are reported in Supplementary Table 3. Higher
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increases in HDL cholesterol were observed in patients receiving pravastatin 10-20 mg (mean 0.24
mmol/l, 95% CI (0.10,0.38)), rosuvastatin 10 mg (mean 0.10 mmol/l, 95% CI (0.04,0.17)) and
atorvastatin 10 mg (mean 0.15 mmol/l, 95% CI (0.07,0.23), Supplementary Figure 1). Triglycerides
values significantly changed (Supplementary Figure 2) in patients treated with rosuvastatin 10 mg
(mean -0.56, 95% CI (-0.70,-0.42)), atorvastatin 10 mg (mean -0.59, 95% CI (-0.81,-0.37)) and 80 mg

(mean -0.60, 95% CI (-1.09,-0.11)) and simvastatin 20 mg (mean -0.61, 95% CI (-1.14,-0.08)).

Mean discontinuation rate due to adverse events was 0.12 (95% CI (0.05,0.20)) per 100 person-years
overall, with the higher incidence occurring with atorvastatin 10 mg (mean 26.5 per 100 person-years,

95% CI (13.4,64.7), Figure 4).

All results were consistent when including randomized controlled trials only; however rosuvastatin 10

mg lost its significant correlation with HDL increase after this adjustment (data not shown).

Meta-regression analysis (see Supplementary Table 2) shows that NRTI-sparing regimens were
associated with a smaller decrease in total cholesterol (Beta 0.007, 95% CI (0.001,0.013), p value
0.018, Figure 5) and that HDL cholesterol increase was negatively affected by age (Beta -0.009, 95%
CI (-0.016,-0.003), p value 0.005), NNRTI-containing regimens (Beta -0.002, 95% CI (-0.002,-0.001),
p value < 0.001) and NRTI-sparing regimens (Beta -0.001, 95% CI (-0.002,-0.001), p value < 0.001,
Supplementary Figures 3-5). Eventually, a smaller reduction of triglycerides was reported in older
patients (Beta 0.030, 95% CI (0.002,0.058), p value 0.035), in patients on NRTI-sparing regimens
(Beta 0.006, 95% CI (0.002,0.011), p value 0.007) and in those with a longer time from HIV diagnosis
(Beta 0.005, 95% CI (0.003,0.008), p value < 0.001, Supplementary Figures 6-8), while no significant

interactions were found for LDL and discontinuation relating to adverse events.
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Network meta-analysis for total cholesterol did not show significant differences among treatments, but
it was possibly limited by the inclusion of only 4 RCTs for total cholesterol and 5 for the other end-

points (Supplementary table 3).

The methodological assessment revealed an overall satisfactory quality of the included studies, the vast
majority being prospective, a third multi-centre, without a high risk of analysed bias; geographical
origin of study was heterogeneous with the majority being performed in Europe (see Supplementary

Figure 9 and Supplementary table 4).
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DISCUSSION.

The main findings of the present analysis are that

1) Statins significantly reduce total cholesterol, LDL and triglycerides in HIV-positive patients on
HAART, with rosuvastatin 10 mg figuring as the most reliable molecule in all tested areas

based on the amount and consistency of evidence proving its effectiveness and safety.

2) Statins have a limited efficacy for increasing HDL

3) Despite their risk of pharmacokinetic interactions (especially with Pls), statins and HAART are

safe and effective when concomitantly administered in this population.

Since the introduction of HAART, HIV-positive patients’ life expectancy has dramatically increased,
reaching values comparable to that of the general population (54); in this aging population, non-
traditionally AIDS-related illnesses, like CV disease (CVD), have become a major clinical issue
(55,56). Patients affected by HIV are more prone to developing CVD (57,58), especially ischemic heart
disease (59), with higher rates of acute coronary syndromes (60), frequently presenting as ST-segment
myocardial infarction, and high intra-hospital and one-year mortality rates, as compared to HIV-
negative controls (61). Moreover, ischemic heart disease often occurs in these patients at earlier stages
in life (62)

Although the exact mechanism for the increased CV risk is not fully understood, it is ascertained that
both traditional risk factors and HIV-related factors are potential contributors, with smoking and
dyslipidaemia representing the most important traditional CV risk factors (63). HIV infection itself and
HAART therapy significantly alter lipid metabolism, and lipodystrophy/lipoatrophy are well known
side effects of HAART (64), which may adversely affect CV outcomes as well as adherence to HIV

treatment (65). More specifically, HIV infection is usually associated with increased serum

10
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triglycerides (66) and lower levels of HDL, LDL and total cholesterol (67-69), while HAART is
principally characterised by augmented levels of total cholesterol, LDL and triglycerides and decreased
levels of HDL (66), with slightly different patterns varying according to the different combinations of
the antiretroviral drugs employed (63). All classes of HAART have been reported to affect lipid
metabolism (70,71): higher levels of triglycerides and cholesterol have been associated with PIs and
efavirenz (67) even if these effects are significantly attenuated with newer PIs and NNRTIs (72),
augmented values of HDL, LDL and triglycerides have been reported with PIs (73), while NRTIs have
showed a larger variability of effects depending on the specific molecule tested (74). In this scenario,
PIs have been the drugs more consistently and heavily associated with lipid metabolism alterations,
particularly with hypercholesterolemia, hypertriglyceridemia and lipodystrophy. Several mechanisms
have been proposed to explain this class-effect of PIs and they include retinoic acid and LDL binding
protein metabolism alterations (75), increase in hepatic triglycerides synthesis (76) and glucose
transporter type 4 (GLUT-4) interference (with reduced insulin sensitivity) (77). However it should be
noted that, among the commonly used Pls, only lopinavir/ritonavir has been associated with an increase
risk of cardiovascular disease (63). Finally, as a further manifestation of altered lipid metabolism in
HIV-positive patients, recent studies reported a significantly higher prevalence of cardiac steatosis,
assessed by cardiac magnetic resonance (CMR) with spectroscopy (78) and a higher prevalence of non-

calcified plaques in HIV-positive patients as compared to controls (79).

Despite the undeniable relevance of this topic, no definite reference values of lipid levels have to date
been defined in this population, as there are no statements from major scientific societies providing
clear indications. In a conjunct statement, the Infectious Disease Society of America and the Adult
AIDS Clinical Trials Group suggested an individual target for lipid values based on the Framingham

10-year cardiovascular risk score, referring, as target values, to those applied to the general population

11
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based on the Adult Treatment Panel III (NCEP ATP III) cholesterol guidelines (80). The 2011
European Society of Cardiology/European Atherosclerosis Society lipid guidelines, while
acknowledging the increased risk related to dyslipidaemia in HIV patients and claiming the need for
group-tailored targets, failed to provide specific cut-offs due to the lack of validated, prospective data
on lipid levels and CV events in HIV-positive patients (81).

Treatment of dyslipidaemia has been attempted with non-pharmacological interventions, (i.e. diet or
lifestyle-changing interventions) (82), or by switching HAART medications (68,83). Despite these
remedies, a lipid-lowering therapy is often needed: a prescription rate of HMG-CoA reductase
inhibitors (i.e. statins) varying from 8.3 to 15.5% has been reported (84,85), but it has been estimated
that, to comply with current guidelines (86), a statin therapy should be prescribed up to 19-26% of
consecutive patients aged 18-60 years without known CVD undergoing coronary computed

tomography (87).

In HIV-positive patients, however, statins have been tested mostly in small studies. Clear-cut data on
their efficacy and safety are still lacking, and to date no study, to the best to our knowledge, has
prospectively assessed the effectiveness of this therapy in primary prevention on hard clinical end-
points, even if some indirect retrospective evidences suggest a benefit on mortality of statins in primary
prevention for patients with at least one comorbidity (85). The association between statins and
inflammatory activation has been more extensively studied, but for many reports describing significant
decreases in inflammatory markers (42,49,88), many others failed to corroborate this finding
(33,50,89). Statins have been investigated also in relation to atherosclerosis markers, with more
consistent results. A 24-months course of Rosuvastatin 10 mg led to a reduction of carotid IMT in 42
patients on various HAART regimens (all on NRTI-containing regimens, 55.6% on ritonavir-boosted

PIregimens, 44.4% on NNRTI containing regimens)(48), The SATURN-HIV trial randomized 147

12
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patients, half of whom on PIs, to rosuvastatin 10 mg or placebo, reporting that 24-weeks of rosuvastatin
significantly reduced monocyte activation, as measured by soluble CD14, a factor linked with faster
vascular disease progression and increased cardiovascular death (26), and diminished levels of

lipoprotein-associated phospholipase Ay (Lp-PLAj), a marker upregulated in atherosclerothic plaques

and related to vascular inflammation (50); interestingly, soluble CD14 showed a trend towards a more
marked reduction in patients on PIs-based regimens, while no relevant differences were noticed among
different HAART regimens regarding Lp-PLA2. Moreover, a more recent analysis of the same
SATURN-HIV trial reported that, after 96 weeks, Rosuvastatin 10 mg led to a significant decrease of
NT-proBNP, a known predictor of CV disease (90). Pravastatin has been associated with the ability to
revert lipoatrophy in patients receiving NRTI-containing regimens (45), but this finding failed to be
confirmed in both patients on NRTI-containing and PI-containing regimens (41,44). In a study
enrolling patients on PIs based regimens, Pravastatin 40 mg showed a tendency to increase flow-
mediated vasodilation of brachial artery, a marker of decreased endothelial dysfunction (46). Finally, a
12-months course of Atorvastatin 20-40 mg in 40 patients (95% on NRTIs, 48% on PIs and 48% on
NNRTIs containing regimens) ended with a reduction of atherosclerotic burden (specifically, of non-
calcified plaques and high-risk lesions) as evaluated by coronary CT, even if the study failed to meet its
primary end-point of a reduction of arterial inflammation measured by FDG-PET of the aorta; of note,

this same study also reported a significant reduction of Lp-PLA2 values with statins (51).

Our study is, to the best of our knowledge, the largest piece of evidence confirming the lipid-lowering
effectiveness of statins in patients on HAART, with all molecules tested able to provide significant
reductions in total cholesterol and with rosuvastatin 10 mg providing the more convincing results when
balancing safety, lipid lowering effects and consistency of supporting evidence. LDL and triglycerides
were effectively reduced by almost all statins, if we exclude some non-significant results achieved by

low doses of pravastatin and by fluvastatin. Besides the reduction of LDL, a well-known CV risk

13
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factor, remarkable are the decreases of non-HDL cholesterol, which can be inferred from the reduction
of total cholesterol and the modest increase of HDL, and of triglycerides. These parameters, in fact,
have been increasingly identified as strong, independent predictors of adverse CV events in the general
population (80,91,92) and it has been reported that their reduction may significantly reduce the burden
of CV diseases (93). Based on our data, however, we can only postulate that the lipid-lowering effects
of statins may lead to an improved CV outcome in HIV-positive patients; despite plausible, this
hypothesis needs corroboration by mean of adequately powered and designed studies.

Pertaining to HDL, finally, as already known for non-HIV-positive patients (95), statins increased their
levels inconsistently and by small margins, with only rosuvastatin 10 mg, pravastatin 10-20 mg and
atorvastatin 10 mg reaching significant variations. Moreover, HDL cholesterol was the parameter more
influenced by associated conditions in the meta-regression analysis, suggesting a weak relationship

between its plasma variations and statin therapy.

The more critical aspect of dyslipidaemia treatment with statins in HIV-positive patients is certainly
represented by interactions with HAART, which, beyond being associated with the development of
unfavourable lipid profiles, is burdened by numerous drug-drug interactions, especially mediated by
interference on cytochrome activity: PIs variably inhibit cytochrome (CYP) isoform 3A4 (with
Ritonavir being the most potent inhibitor), while NNRTIs are inductors (Nevirapine, Efavirenz,
Etravirine, Rilpivirine) (69). Moreover, simvastatin and atorvastatin are metabolized in the liver via
the CYP3A4 system (96), while other statins are not (97). As a consequence, PIs may significantly
increase the plasmatic concentrations of simvastatin and lovastatin, which are hence contraindicated,
and of atorvastatin and rosuvatastin, which can be prescribed starting at low dosage, pending an
increased risk of statin-related adverse events. Specifically, rosuvastatin has an increased risk of

potential interactions with atazanavir, lopinavir and saquinavir, while atorvastatin may potentially

14
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interact with all PIs (particularly with fosamprenavir and lopinavir). NNRTIs (specifically, Efavirenz,
Etravirine and Nevirapine) may on the contrary reduce the plasmatic levels of lovastatin and
simvastatin, and to a lesser extent of the other statins. Fluvastatin and pravastatin show little-to-no
interactions with HAART, even if saquinavir may potentially reduce pravastatin exposure when co-

administered (www.hiv-druginteractions.org). All of these pharmacokinetics mechanisms show why

statin therapy is tricky in this population and cannot be approached simply based on the standard

recommendations usually applied to HIV-negative patients.

In the present study, after assessment with meta-regression, PIs and NNRTIs did not show significant
interactions with statins concerning their effects on total cholesterol, LDL and triglycerides
concentrations. These analysis, far from considering any pharmacokinetic mechanism, confirmed that
lipid-lowering therapy with statins may be effective regardless of the presence of these regimens, a
finding of utmost clinical value not only in consideration of the pharmacokinetic interactions exposed
above, but also because both these drug classes are associated with increased lipid levels. Even if
explanation of this lack of interaction may not be univocal, a possible mechanism could be the fact that,
as demonstrated in HIV-negative patients, lipid lowering effects of statins may not relevantly resent of
their plasma concentration (98), as their action depends on expression and activity of hepatic uptake
transporters, as organic anion transporter 1B1, which may be altered by drug-drug interactions in a

scarcely predictable way (99).

A significant interaction was found with meta-regression between NRTI-sparing regimens and total
cholesterol and triglycerides, with patients being prescribed with NRTIs experiencing greater lipid
levels reductions. NRTIs as a pharmaceutical class have been inconsistently associated with increases
in LDL and triglycerides (101); however, it has been demonstrated that regimens including tenofovir-

disoproxil-fumarate may be associated with lower values of total cholesterol (74), that suspension of

15
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this drug may lead to increases in lipid values (100,101) and that being on NRTI-sparing regimens may
increase CV mortality. Even if we can suppose a critical role of tenofovir therapy on this result, we
cannot infer the real weight of this effect since the studies included in our analysis didn’t provide
complete reports on the specific drugs prescribed for each class. Another possible explanation of this
result may be that patients enrolled in the studies with the higher prevalences (> 65%) of NRTI-sparing
regimens were treated with pravastatin, while in the other studies (14 studies, < 20% of patients on
NRTI-sparing regimens), rosuvastatin and atorvastatin were administered in 64.3% of cases.
Furthermore it should be noted that NRTI-sparing regimens are usually administered to patients with
resistant variants (often after long treatment duration) or to patients showing multiple comorbidities
(including renal insufficiency, a known cardiovascular risk factor), and hence with highly controlled

co-morbid conditions.

A crucial point of our analysis is represented by the generalized safety of statins in these patients, a
relevant problem given the aforementioned burden of interactions. Generally, very low rates of
discontinuation due to adverse events were reported for all molecules, underlining that, if conducted
appropriately, statin therapy may be safe and effective in this population. Only atorvastatin 10 mg
(which would not be expected to have more toxicity than higher doses) showed a high rate of
discontinuation, even if no specific explanations can be provided for this finding, since, at meta-
regression, no statistically significant interactions emerged, even when controlling for the different
antiviral drugs. More puzzling, higher dosages of atorvastatin showed a very good safety profile,

claiming for the need of further data on this topic.

From our systematic review, we found that rosuvastatin 10 mg and pravastatin 40 mg are the more
extensively tested statins. Both showed a very good safety profile and were effective: rosuvastatin 10

mg reported among the higher absolute reductions of lipid concentrations and significantly augmented
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HDL, while pravastatin 40 mg mildly decreased total cholesterol, LDL and triglycerides, but was
unable to significantly increase HDL. Atorvastatin safety in this population is controversial and,
pending more definite evidences, its prescription should be carefully evaluated on a risk/benefit ratio,
while simvastatin should not typically be prescribed concomitantly to PIs due to pharmacokinetics
interactions. Fluvastatin 20-40 mg appeared safe and with acceptable effectiveness; however, as it was
tested only in one study, these results should be judged cautiously and other drugs should be preferred
as first choice treatment.

Finally, to appraise the overall effect of statin therapy in this population, we assessed how the more
prevalent treatments included in our analysis performed in HIV-positive patients as compared to the
general population. With pravastatin 40 mg, total cholesterol decreased by 15.3% in HIV patients as
compared to 18.3% in the general population according to a recent Phase IV study, while LDL
decreased by 21.4% and 26.4% respectively (104). Rosuvastatin 10 mg reduced total cholesterol by
24.2% and LDL by 27.7% in HIV patients, as compared to 32.9% and 45.8% in the general population
as reported by the Cochrane Collaboration Group (101). These figures were -20.7% (total cholesterol)
and -22.0% (LDL) for Atorvastatin 10 mg in HIV-positive patients, as compared to —27.1% and -
37.1% in HIV-negative patients from a recently published meta-analysis (102). Similar results came
from three studies directly comparing statins in HIV-positive vs. HIV-negative patients: Rahman et al.
showed a clear trend towards a reduced LDL-lowering effect of Simvastatin 20 mg in HIV patients as
compared to non—HIV controls (-36% vs. -41%, p 0.06) (53); Townsend et al. and Silverberg et al., in
their retrospective analyses including various molecules and dosages, reported a significantly weaker
decrease of lipid values in HIV-positive than in HIV-negative patients (30,31). These results, taken
together, appear to validate the notion that dyslipidaemia and its treatment are more complex in HIV-

positive patients as compared to the general population, given the peculiar mechanisms involved in
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increasing lipid values and affecting therapy effectiveness, and underscore the pivotal need of a tailored

approach which would be crucial to appropriately manage these patients.

LIMITATIONS.

Our study has some limitations. First the present analysis includes both randomized controlled trials
and observational studies, limiting the inferential strength of our data on one side, but increasing the
applicability to real world on the other side (103).

Second, it is not a patient level meta-analysis, because we would have excluded even more studies.
Finally, for some classes of statins, only few studies reported available data: however, we choose to

focus on reports with statin and dose, in order to give a clear and concrete message.

CONCLUSION

Statin therapy effectively and safely lowers lipid values when administered in primary prevention to
HIV-positive patients. Rosuvastatin 10 mg, supported by a consistent and vast amount of evidence,
figures as the potential best fit in this population, since it achieved high reductions of total cholesterol
levels, LDL and triglycerides plasma concentrations and increases of HDL values, with a very low
discontinuation rate due to adverse events. HAART, despite well-characterized drug-to-drug
interactions, do not appear to affect the effectiveness and safety of dose-adjusted statins, as the only

significant interaction reported was an enhanced lipid-lowering effect associated with NRTIs.

ACKNOWLEDGMENTS: none

18



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

19

CONFLICTS OF INTEREST: FDA has received speaker fees from Chiesi; AC has received grants,

travel grants and speaker’s honoraria from Abbott, Bristol-Myers Squibb (BMS), Merck Sharp &

Dohme (MSD), and Janssen-Cilag

REFERENCES.

1-

4-

D'Ascenzo F, Cerrato E, Appleton D, Moretti C, Calcagno A, Abouzaki N, Vetrovec G,
Lhermusier T, Carrie D, Das Neves B, Escaned J, Cassese S, Kastrati A, Chinaglia A, Belli R,
Capodanno D, Tamburino C, Santilli F, Parodi G, Vachiat A, Manga P, Vignali L, Mancone M,
Sardella G, Fedele F, DiNicolantonio JJ, Omedé P, Bonora S, Gaita F, Abbate A, Zoccai GB;
Percutaneous coronary intervention and surgical revascularization in HIV Database (PHD)
Study Investigators. Prognostic indicators for recurrent thrombotic events in HIV-infected
patients with acute coronary syndromes: use of registry data from 12 sites in Europe, South
Africa and the United States. Thromb Res. 2014;134(3):558-64.

GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and national age-sex
specific all-cause and cause-specific mortality for 240 causes of death, 1990-2013: a systematic
analysis for the Global Burden of Disease Study 2013. Lancet. 2015;385(9963):117-71
Rosenthal E, Roussillon C, Salmon-Céron D, Georget A, Hénard S, Huleux T, Gueit I, Mortier
E, Costagliola D, Morlat P, Chéne G, Cacoub P; Mortalité¢ 2010 and GERMIVIC study groups.
Liver-related deaths in HIV-infected patients between 1995 and 2010 in France: the Mortavic
2010 study in collaboration with the Agence Nationale de Recherche sur le SIDA (ANRS) EN
20 Mortalité 2010 survey. HIV Med. 2015;16(4):230-9

Cerrato E, D'Ascenzo F, Biondi-Zoccai G, Calcagno A, Frea S, Grosso Marra W, Castagno D,

19



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

20

Omedé P, Quadri G, Sciuto F, Presutti D, Frati G, Bonora S, Moretti C, Gaita F. Cardiac
dysfunction in pauci symptomatic human immunodeficiency virus patients: a meta-analysis in

the highly active antiretroviral therapy era. Eur Heart J. 2013;34(19):1432-6.

5- Idris NS, Grobbee DE, Burgner D, Cheung MM, Kurniati N, Sastroasmoro S, Uiterwaal CS.

Cardiovascular manifestations of HIV infection in children. Eur J Prev Cardiol. 2014. pii:

2047487314560086

6- Paisible AL, Chang CC, So-Armah KA, Butt AA, Leaf DA, Budoff M, Rimland D, Bedimo R,

Goetz MB, Rodriguez-Barradas MC, Crane HM, Gibert CL, Brown ST, Tindle HA, Warner
AL, Alcorn C, Skanderson M, Justice AC, Freiberg MS HIV Infection, Cardiovascular Disease

Risk Factor Profile, and Risk for Acute Myocardial Infarction.J Acquir Immune Defic Syndr.

2015;68(2):209-216.

7- Parikh NI, Gerschenson M, Bennett K, Gangcuangco LM, Lopez MS, Mehta NN, Playford MP,

Nakamoto BK, Seto TB, Chow DC, Shikuma CM. Lipoprotein concentration, particle number,
size and cholesterol efflux capacity are associated with mitochondrial oxidative stress and

function in an HIV positive cohort. Atherosclerosis. 2014;239(1):50-54.

8- Penzak SR, Chuck SK, Stajich GV. Safety and efficacy of HMG-CoA reductase inhibitors for

treatment of hyperlipidemia in patients with HIV infection. Pharmacotherapy. 2000;20(9):1066-

71.

9- Lazzaretti RK, Kuhmmer R, Sprinz E, Polanczyk CA, Ribeiro JP. Dietary intervention prevents

dyslipidemia associated with highly active antiretroviral therapy in human immunodeficiency

virus type 1-infected individuals: a randomized trial. J Am Coll Cardiol. 2012;59(11):979-88.

10- Ganesan A, Crum-Cianflone N, Higgins J, Qin J, Rehm C, Metcalf J, Brandt C, Vita J, Decker

CF, Sklar P, Bavaro M, Tasker S, Follmann D, Maldarelli F. High dose atorvastatin decreases

cellular markers of immune activation without affecting HIV-1 RNA levels: results of a double-

20



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

blind randomized placebo controlled clinical trial. J Infect Dis. 2011;203(6):756-64.
11-D'Ascenzo F, Agostoni P, Abbate A, Castagno D, Lipinski MJ, Vetrovec GW, Frati G, Presutti
DG, Quadri G, Moretti C, Gaita F, Zoccai GB. Atherosclerotic coronary plaque regression and
the risk of adverse cardiovascular events: a meta-regression of randomized clinical trials.
Atherosclerosis. 2013;226(1):178-85.
12- Feinstein MJ, Achenbach CJ, Stone NJ, Lloyd-Jones DM. A Systematic Review of the
Usefulness of Statin Therapy in HIV-Infected Patients. Am J Cardiol. 2015. pii: S0002-

9149(15)00980-7

13- Liberati A, Altman DG, Tetzlaff J, Mulrow C, Geatzsche PC, Ioannidis JP, Clarke M, Devereaux

PJ, Kleijnen J, Moher D. The PRISMA statement for reporting systematic reviews and meta-
analyses of studies that evaluate healthcare interventions: explanation and elaboration. BMJ
2009;339:2700.

14-Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF. Improving the quality of
reports of meta-analyses of randomised controlled trials: the QUOROM statement. Quality of
Reporting of Meta-analyses. Lancet 1999;354:1896-900.

15- Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, Moher D, Becker BJ,
Sipe TA, Thacker SB. Meta-analysis of observational studies in epidemiology: a proposal for
reporting. Meta-analysis Of Observational Studies in Epidemiology (MOOSE) group. JAMA.
2000;283:2008-12.

16- Wilczynski NL, Haynes RB, for the Hedges Team. Developing optimal search strategies for detecting
clinically sound prognostic studies in MEDLINE: an analytic survey. BMC Med 2004;2:23.

17-Higgins JPT, Green S (editors). Cochrane Handbook for Systematic Reviews of Interventions

Version 5.0.2 [updated September 2009]. The Cochrane Collaboration, 2009. Available from

www.cochrane-handbook.org



22

18- http://www.nicedsu.org.uk/evidence-synthesis-tsd-series%282391675%29.htm

19-De Wit S, Delforge M, Necsoi CV, Clumeck N. Downregulation of CD38 activation markers by
atorvastatin in HIV patients with undetectable viral load. AIDS. 2011;25(10):1332-3.

20- Bonnet F, Balestre E, Thiébaut R, Mercié¢ P, Dupon M, Morlat P, Dabis F; Groupe

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

d'Epidémiologie Clinique du SIDA en Aquitaine (GECSA). Fibrates or statins and lipid plasma
levels in 245 patients treated with highly active antiretroviral therapy. Aquitaine Cohort,

France, 1999-2001. HIV Med. 2004;5(3):133-9.

21-Calza L, Manfredi R, Chiodo F. Statins and fibrates for the treatment of hyperlipidaemia in

HIV-infected patients receiving HAART. AIDS. 2003;17(6):851-9.

22-Domingos H, Cunha RV, Paniago AM, Souza AS, Rodrigues RL, Domingos JA. Rosuvastatin

and ciprofibrate in the treatment of dyslipidemia in patients with HIV. Arq Bras Cardiol.

2012;99(5):997-1007.

23-Singh S, Willig JH, Mugavero MJ, Crane PK, Harrington RD, Knopp RH, Kosel BW, Saag

MS, Kitahata MM, Crane HM. Comparative Effectiveness and Toxicity of Statins Among HIV-

Infected Patients. Clin Infect Dis. 2011;52(3):387-95..

24-Brown TT, Smurzynski M, Wu K, Bosch RJ, McComsey GA. Statin therapy and changes in hip

circumference among HIV-infected participants in the ALLRT Cohort. Antivir Ther.

2009;14(6):853-8.

25-Manfredi R, Calza L, Chiodo F. Long-term statin use does not act on the temporal trend of CD4

cell count in patients on virologically effective HAART. AIDS. 2006;20(3):455-7.

26- Funderburg NT, Jiang Y, Debanne SM, Storer N, Labbato D, Clagett B, Robinson J, Lederman

MM, McComsey GA. Rosuvastatin treatment reduces markers of monocyte activation in HIV-

infected subjects on antiretroviral therapy. Clin Infect Dis.2014;58(4):588-95.

27-Boccara F, Simon T, Lacombe K, Cohen A, Laloux B, Bozec E, Durant S, Girard PM, Laurent

22



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

23

S, Boutouyrie P. Influence of pravastatin on carotid artery structure and function in

dyslipidemic HIV-infected patients receiving antiretroviral therapy. AIDS. 2006;20(18):2395-8.

28-Montoya CJ, Higuita EA, Estrada S, Gutierrez FJ, Amariles P, Giraldo NA, Jimenez MM,

Velasquez CP, Leon AL, Rugeles MT, Jaimes FA. Randomized clinical trial of lovastatin in

HIV-infected, HAART naive patients (NCT00721305). J Infect. 2012;65(6):549-58.

29-Negredo E, Clotet B, Puig J, Pérez-Alvarez N, Ruiz L, Romeu J, Molt6 J, Rey-Joly C, Blanco J.

The effect of atorvastatin treatment on HIV-1-infected patients interrupting antiretroviral

therapy. AIDS. 2006;20(4):619-21.

30- Silverberg MJ, Leyden W, Hurley L, Go AS, Quesenberry CP Jr, Klein D, Horberg MA.

Response to newly prescribed lipid-lowering therapy in patients with and without HIV

infection. Ann Intern Med. 2009;150(5):301-13.

31-Townsend ML, Hollowell SB, Bhalodia J, Wilson KH, Kaye KS, Johnson MD. A comparison

of the effectiveness of lipid-lowering therapy between HIV- and non-HIV-infected subjects

with hyperlipidaemia. Int ] STD AIDS. 2007;18(12):851-5.

32-Bittar R, Giral P, Aslangul E, Assoumou L, Valantin MA, Kalmykova O, Federspiel MC,

Cherfils C, Costagliola D, Bonnefont-Rousselot D; French National Agency for AIDS and
Viral Hepatitis Research (ANRS) 126 study group. Effects of rosuvastatin versus pravastatin on

low-density lipoprotein diameter in HIV-1-infected patients receiving ritonavir-boosted

protease inhibitor. AIDS. 2012;26(14):1801-5.

33-Fichtenbaum CJ, Yeh TM, Evans SR, Aberg JA. Treatment with pravastatin and fenofibrate

improves atherogenic lipid profiles but not inflammatory markers in ACTG 5087. J Clin

Lipidol. 2010;4(4):279-87.

34- Visnegarwala F, Maldonado M, Sajja P, Minihan JL, Rodriguez-Barradas MC, Ong O, Lahart

CJ, Hasan MQ, Balasubramanyam A, White AC Jr. Lipid lowering effects of statins and

23



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

24

fibrates in the management of HIV dyslipidemias associated with antiretroviral therapy in HIV

clinical practice. J Infect. 2004;49(4):283-90.

35-Baker JV, Huppler Hullsiek K, Prosser R, Duprez D, Grimm R, Tracy RP, Rhame F,Henry K,

Neaton JD. Angiotensin converting enzyme inhibitor and HMG-CoA reductase inhibitor as
adjunct treatment for persons with HIV infection: a feasibility randomized trial. PLoS One.

2012;7(10):¢46894.

36- Benesic A, Zilly M, Kluge F, Weissbrich B, Winzer R, Klinker H, Langmann P. Lipid lowering

therapy with fluvastatin and pravastatin in patients with HIV infection and antiretroviral

therapy: comparison of efficacy and interaction with indinavir. Infection. 2004;32(4):229-33.

37- Calza L, Manfredi R, Colangeli V, Pocaterra D, Pavoni M, Chiodo F. Rosuvastatin, pravastatin,

and atorvastatin for the treatment of hypercholesterolaemia in HIV-infected patients receiving

protease inhibitors. Curr HIV Res. 2008;6(6):572-8.

38- Aberg JA, Zackin RA, Brobst SW, Evans SR, Alston BL, Henry WK, Glesby MJ, Torriani FJ,

Yang Y, Owens SI, Fichtenbaum CJ; ACTG 5087 Study Team. A randomized trial of the
efficacy and safety of fenofibrate versus pravastatin in HIV-infected subjects with lipid
abnormalities: AIDS Clinical Trials Group Study 5087. AIDS Res Hum Retroviruses.

2005;21(9):757-67.

39- Aslangul E, Assoumou L, Bittar R, Valantin MA, Kalmykova O, Peytavin G, Fiévet MH,

Boccara F, Bonnefont-Rousselot D, Melchior JC, Giral P, Costagliola D. Rosuvastatin versus
pravastatin in dyslipidemic HIV-1-infected patients receiving protease inhibitors: a randomized

trial. AIDS. 2010;24(1):77-83.

40- Bonnet F, Aurillac-Lavignolle V, Breilh D, Thiébaut R, Peuchant E, Bernard N, Lacoste D,

Dabis F, Beylot J, Chéne G, Morlat P; GECSA. Pravastatin in HIV-infected patients treated

with protease inhibitors: a placebo-controlled randomized study. HIV Clin Trials. 2007;8(1):53-

24



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

60.
41-Calmy A, Bloch M, Wand H, Delhumeau C, Finlayson R, Rafferty M, Norris R, Hirschel B,

Cooper DA, Carr A; URISTAT study group. No significant effect of uridine or pravastatin

25

treatment for HIV lipoatrophy in men who have ceased thymidine analogue nucleoside reverse

transcriptase inhibitor therapy: a randomized trial. HIV Med. 2010;11(8):493-501.

42-Calza L, Trapani F, Bartoletti M, Manfredi R, Colangeli V, Borderi M, Grossi G, Motta R,

Viale P. Statin therapy decreases serum levels of high-sensitivity C-reactive protein and tumor

necrosis factor-a in HIV-infected patients treated with Ritonavir-boosted protease inhibitors.
HIV Clin Trials. 2012;13(3):153-61.

43-de Luis DA, Bachiller P, Aller R, Eiros Bouza J, Izaola O. Pravastatin in hyperlipidemia

secondary to HIV protease inhibitors without response to fenofibrate: a brief preliminary report.

Nutrition. 2003;19(10):903-4.
44-Macallan DC, Baldwin C, Mandalia S, Pandol-Kaljevic V, Higgins N, Grundy A, Moyle GJ.
Treatment of altered body composition in HIV-associated lipodystrophy: comparison of

rosiglitazone, pravastatin, and recombinant human growth hormone. HIV Clin Trials.

2008;9(4):254-68.

45-Mallon PW, Miller J, Kovacic JC, Kent-Hughes J, Norris R, Samaras K, Feneley MP, Cooper

DA, Carr A. Effect of pravastatin on body composition and markers of cardiovascular disease in

HIV-infected men--a randomized, placebo-controlled study. AIDS. 2006;20(7):1003-10.

46- Stein JH, Merwood MA, Bellehumeur JL, Aeschlimann SE, Korcarz CE, Underbakke GL,
Mays ME, Sosman JM. Effects of pravastatin on lipoproteins and endothelial function in
patients receiving human immunodeficiency virus protease inhibitors. Am Heart J.
2004;147(4):E18.

47-Calza L, Colangeli V, Manfredi R, Legnani G, Tampellini L, Pocaterra D, Chiodo F.

25



oo

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

26

Rosuvastatin for the treatment of hyperlipidaemia in HIV-infected patients receiving protease

inhibitors: a pilot study. AIDS. 2005;19(10):1103-5.

48- Calza L, Manfredi R, Colangeli V, Trapani FF, Salvadori C, Magistrelli E, Danese I, Verucchi

G, Serra C, Viale P. Two-year treatment with rosuvastatin reduces carotid intima-media
thickness in HIV type 1-infected patients receiving highly active antiretroviral therapy with
asymptomatic atherosclerosis and moderate cardiovascular risk. AIDS Res Hum Retroviruses.

2013;29(3):547-56.

49- Calza L, Vanino E, Salvadori C, Manfredi R, Colangeli V, Cascavilla A, Di Bari MA, Motta R,

Viale P. Tenofovir/emtricitabine/efavirenz plus rosuvastatin decrease serum levels of
inflammatory markers more than antiretroviral drugs alone in antiretroviral therapy-naive HIV-

infected patients. HIV Clin Trials. 2014;15(1):1-13.

50- Eckard AR, Jiang Y, Debanne SM, Funderburg NT, McComsey GA. Effect of 24 weeks of

statin therapy on systemic and vascular inflammation in HIV-infected subjects receiving

antiretroviral therapy. J Infect Dis. 2014;209(8):1156-64.

51-Lo J, Lu MT, Thenachor EJ, Wei J, Looby SE, Fitch KV, Oh J, Zimmerman CO, Hwang J,

Abbara S, Plutzky J, Robbins G, Tawakol A, Hoffmann U, Grinspoon SK. Effects of statin
therapy on coronary artery plaque volume and high-risk plaque morphology in HIV-infected
patients with subclinical atherosclerosis: a randomised, double-blind, placebo-controlled trial.

Lancet HIV 2015; 2(2):e52-¢63

52-Nakanjako D, Ssinabulya I, Nabatanzi R, Bayigga L, Kiragga A, Joloba M, Kaleebu P,

Kambugu AD, Kamya MR, Sekaly R, Elliott A, Mayanja-Kizza H. Atorvastatin reduces T-cell
activation and exhaustion among HIV-infected cART-treated suboptimal immune responders in
Uganda: a randomised crossover placebo-controlled trial. Trop Med Int Health. 2015;20(3):380-

90

26



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

27

53-Rahman AP, Eaton SA, Nguyen ST, Bain AM, Payne KD, Bedimo R, Busti AJ. Safety and

efficacy of simvastatin for the treatment of dyslipidemia in human immunodeficiency virus-
infected patients receiving efavirenz-based highly active antiretroviral therapy.

Pharmacotherapy. 2008;28(7):913-9.

54- Collaboration of Observational HIV Epidemiological Research Europe (COHERE) in EuroCoord,

Lewden C, Bouteloup V, De Wit S, Sabin C, Mocroft A, Wasmuth JC, van Sighem A, Kirk O, Obel N,
Panos G, Ghosn J, Dabis F, Mary-Krause M, Leport C, Perez-Hoyos S, Sobrino-Vegas P, Stephan C,
Castagna A, Antinori A, d'Arminio Monforte A, Torti C, Mussini C, Isern V, Calmy A, Teira R, Egger
M, Grarup J, Chéne G. All-cause mortality in treated HIV-infected adults with CD4 >500/mm3
compared with the general population: evidence from a large European observational cohort

collaboration. Int J Epidemiol. 2012;41(2):433-45

55-Morlat P, Roussillon C, Henard S, Salmon D, Bonnet F, Cacoub P, Georget A, Aouba A,

Rosenthal E, May T, Chauveau M, Diallo B, Costagliola D, Chene G; ANRS EN20 Mortalité
2010 Study Group. Causes of death among HIV-infected patients in France in 2010 (national

survey): trends since 2000. AIDS. 2014;28(8):1181-91.

56- Effros RB, Fletcher CV, Gebo K, Halter JB, Hazzard WR, Horne FM, Huebner RE, Janoff EN,

Justice AC, Kuritzkes D, Nayfield SG, Plaeger SF, Schmader KE, Ashworth JR, Campanelli C,
Clayton CP, Rada B, Woolard NF, High KP. Aging and infectious diseases: workshop on HIV
infection and aging: what is known and future research directions. Clin Infect Dis.

2008;47(4):542-53

57-1Islam FM, Wu J, Jansson J, Wilson DP. Relative risk of cardiovascular disease among people

living with HIV: a systematic review and meta-analysis. HIV Med. 2012;13(8):453-68.

58- Cannillo M, D'Ascenzo F, Grosso Marra W, Cerrato E, Calcagno A, Omedé P, Bonora S, Mancone M,

Vizza D, DiNicolantonio JJ, Pianelli M, Barbero U, Gili S, Annone U, Raviola A, Salera D, Mistretta E,

Vilardi I, Colaci C, Abbate A, Zoccai GB, Moretti C, Gaita F. Heart failure in patients with human

27



N

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

28

immunodeficiency virus: a review of the literature. J Cardiovasc Med (Hagerstown). 2015;16(5):383-9.

59-Triant VA, Lee H, Hadigan C, Grinspoon SK. Increased acute myocardial infarction rates and

cardiovascular risk factors among patients with human immunodeficiency virus disease. J Clin

Endocrinol Metab. 2007;92(7):2506-12.

60- Freiberg MS, Chang CC, Kuller LH, Skanderson M, Lowy E, Kraemer KL, Butt AA, Bidwell Goetz M,

Leaf D, Oursler KA, Rimland D, Rodriguez Barradas M, Brown S, Gibert C, McGinnis K, Crothers K,
Sico J, Crane H, Warner A, Gottlieb S, Gottdiener J, Tracy RP, Budoff M, Watson C, Armah KA,
Doebler D, Bryant K, Justice AC. HIV infection and the risk of acute myocardial infarction. JAMA

Intern Med. 2013;173(8):614-22

61-D'Ascenzo F, Cerrato E, Biondi-Zoccai G, Moretti C, Omedé P, Sciuto F, Bollati M, Modena MG, Gaita

F, Sheiban I. Acute coronary syndromes in human immunodeficiency virus patients: a meta-analysis

investigating adverse event rates and the role of antiretroviral therapy. Eur Heart J. 2012;33(7):875-80

62- Currier JS, Taylor A, Boyd F, Dezii CM, Kawabata H, Burtcel B, Maa JF, Hodder S. Coronary

heart disease in HIV-infected individuals. J Acquir Immune Defic Syndr. 2003;33(4):506-12

63- Friis-Mgller N, Thiébaut R, Reiss P, Weber R, Monforte AD, De Wit S, El-Sadr W, Fontas E, Worm S,

Kirk O, Phillips A, Sabin CA, Lundgren JD, Law MG; DAD study group. Predicting the risk of
cardiovascular disease in HIV-infected patients: the data collection on adverse effects of anti-HIV drugs

study. Eur J Cardiovasc Prev Rehabil. 2010;17(5):491-501

64- Grunfeld C,Rimland D,Gibert CL,Powderly WG,Sidney S,Shlipak MG,Bacchetti P, Scherzer R,

Haffner S, Heymsfield SB. Association of upper trunk and visceral adipose tissue volume with
insulin resistance in control and HIV-infected subjects inthe FRAMstudy. J Acquir Immune

Defic Syndr 2007;46:283-290.

65- Srinivasa S, Grinspoon SK. Metabolic and body composition effects of newer antiretrovirals in

HIV-infected patients. Eur J Endocrinol. 2014;170(5):R185-202

66-Riddler SA, Smit E, Cole SR, Li R, Chmiel JS, Dobs A, Palella F, Visscher B, Evans R,

28



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

29

Kingsley LA. Impact of HIV infection and HAART on serum lipids in men. JAMA.

2003;289(22):2978-82

67- Friis-Mgller N, Weber R, Reiss P, Thiébaut R, Kirk O, d'Arminio Monforte A, Pradier C,

Morfeldt L, Mateu S, Law M, El-Sadr W, De Wit S, Sabin CA, Phillips AN, Lundgren JD;
DAD study group. Cardiovascular disease risk factors in HIV patients--association with

antiretroviral therapy. Results from the DAD study. AIDS. 2003;17(8):1179-93.

68- Clumeck N, Goebel F, Rozenbaum W, Gerstoft J, Staszewski S, Montaner J, Johnson M,

Gazzard B, Stone C, Athisegaran R, Moore S; CNA30017 Study Team. Simplification with
abacavir-based triple nucleoside therapy versus continued protease inhibitor-based highly active
antiretroviral therapy in HIV-1-infected patients with undetectable plasma HIV-1 RNA. AIDS.

2001;15(12):1517-26

69- Flexner C. HIV-protease inhibitors. N Engl J Med 1998;338:1281-92

70-Young J, Weber R, Rickenbach M, Furrer H, Bernasconi E, Hirschel B, Tarr PE, Vernazza P,

Battegay M, Bucher HC. Lipid profiles for antiretroviral-naive patients starting PI- and NNRTI-

based therapy in the Swiss HIV cohort study. Antivir Ther. 2005;10(5):585-91

71-Pere D, Ignacio SL, Ramon T, Fernando L, Alberto T, Pompeyo V, Juan G, M José G, Paloma

G, Antonio V, Jaime C, Esteban R, Bernardino R, M Luisa GA, Trinitario S, Ferran T, Juan
Ramon L, Myriam G. Dyslipidemia and cardiovascular disease risk factor management in HIV-
1-infected subjects treated with HAART in the Spanish VACH cohort. Open AIDS J.

2008;2:26-38

72-Molina JM, Andrade-Villanueva J, Echevarria J, Chetchotisakd P, Corral J, David N, Moyle G, Mancini

M, Percival L, Yang R, Wirtz V, Lataillade M, Absalon J, McGrath D, Castle Study Team. Once-daily
atazanavir/ritonavir compared with twice-daily lopinavir/ritonavir, each in combination with tenofovir

and emtricitabine, for management of antiretroviral-naive HIV-1-infected patients: 96-week efficacy and

29



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

30

safety results of the CASTLE study. J Acquir Immune Defic Syndr 2010;53: 323-332

73-Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the use of antiretroviral

agents in HIV-1-infected adults and adolescents. Department of Health and Human Services.

(http://aidsinfo.nih.gov/ContentFiles/ AdultandAdolescentGL.pdf)

74- Crane HM, Grunfeld C, Willig JH, Mugavero MJ, Van Rompaey S, Moore R, Rodriguez B,

Feldman BJ, Lederman MM, Saag MS, Kitahata MM. Impact of NRTIs on lipid levels among a
large HIV-infected cohort initiating antiretroviral therapy in clinical care. AIDS.

2011;25(2):185-95.

75-Calza L, Manfredi R, Chiodo F. Hyperlipidaemia in patients with HIV-1 infection receiving

highly active antiretroviral therapy: epidemiology, pathogenesis, clinical course and

management. Int J Antimicrob Agents. 2003;22(2):89-99

76- Lenhard JM, Croom DK, Weiel JE, Winegar DA. HIV protease inhibitors stimulate hepatic

triglyceride synthesis. Arterioscler Thromb Vasc Biol. 2000;20(12):2625-9

77-Vyas AK, Koster JC, Tzekov A, Hruz PW. Effects of the HIV protease inhibitor ritonavir on

GLUT4 knock-out mice. J Biol Chem. 2010;285(47):36395-400

78-Holloway CJ, Ntusi N, Suttie J, Mahmod M, Wainwright E, Clutton G, Hancock G, Beak P, Tajar A,

Piechnik SK, Schneider JE, Angus B, Clarke K, Dorrell L, Neubauer S. Comprehensive cardiac
magnetic resonance imaging and spectroscopy reveal a high burden of myocardial disease in HIV

patients. Circulation. 2013;128(8):814-22

79-D'Ascenzo F, Cerrato E, Calcagno A, Grossomarra W, Ballocca F, Omed¢ P, Montefusco A,

Veglia S, Barbero U, Gili S, Cannillo M, Pianelli M, Mistretta E, Raviola A, Salera D,
Garabello D, Mancone M, Estrada V, Escaned J, De Marie D, Abbate A, Bonora S, Zoccai GB,
Moretti C, Gaita F. High prevalence at computed coronary tomography of non-calcified plaques
in asymptomatic HIV patients treated with HAART: A meta-analysis. Atherosclerosis.
2015;240(1):197-204

30



oo

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

31

80- Dubé MP, Stein JH, Aberg JA, Fichtenbaum CJ, Gerber JG, Tashima KT, Henry WK, Currier

JS, Sprecher D, Glesby MJ; Adult AIDS Clinical Trials Group Cardiovascular Subcommittee;
HIV Medical Association of the Infectious Disease Society of America. Guidelines for the
evaluation and management of dyslipidemia in human immunodeficiency virus (HIV)-infected
adults receiving antiretroviral therapy: recommendations of the HIV Medical Association of the
Infectious Disease Society of America and the Adult AIDS Clinical Trials Group. Clin Infect

Dis. 2003;37(5):613-27

81- Catapano AL, Reiner Z, De Backer G, Graham I, Taskinen MR, Wiklund O, Agewall S, Alegria

E, Chapman M, Durrington P, Erdine S, Halcox J, Hobbs R, Kjekshus J, Filardi PP, Riccardi G,
Storey RF, Wood D; European Society of Cardiology (ESC); European Atherosclerosis Society
(EAS). ESC/EAS Guidelines for the management of dyslipidaemias The Task Force for the

management of dyslipidaemias of the European Society of Cardiology (ESC) and the European

Atherosclerosis Society (EAS). Eur Heart J 2011;32:1769-1818

82- Wohl DA, Tien HC, Busby M, Cunningham C, Macintosh B, Napravnik S, Danan E, Donovan

K, Hossenipour M, Simpson RJ Jr. Randomized study of the safety and efficacy of fish oil
(omega-3 fatty acid) supplementation with dietary and exercise counseling for the treatment of

antiretroviral therapy-associated hypertriglyceridemia. Clin Infect Dis. 2005;41(10):1498-504

83-Martinez E, Conget I, Lozano L, Casamitjana R, Gatell JM. Reversion of metabolic

abnormalities after switching from HIV-1 protease inhibitors to nevirapine. AIDS 1999;13:805—

10.

84- Moore RD, Bartlett JG, Gallant JE. Association between use of HMG CoA reductase inhibitors

and mortality in HIV-infected patients. PLoS One. 2011;6(7):e21843.

85-Rasmussen LD, Kronborg G, Larsen CS, Pedersen C, Gerstoft J, Obel N. Statin therapy and

mortality in HIV-infected individuals; a Danish nationwide population-based cohort study.

31



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

32

PLoS One. 2013;8(3):¢52828.

86- Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum CB, Eckel RH, Goldberg AC,

Gordon D, Levy D, Lloyd-Jones DM, McBride P, Schwartz JS, Shero ST, Smith SC Jr, Watson
K, Wilson PW; American College of Cardiology/American Heart Association Task Force on
Practice Guidelines. 2013 ACC/AHA guideline on the treatment of blood cholesterol to reduce
atherosclerotic cardiovascular risk in adults: a report of the American College of

Cardiology/American Heart Association Task Force on Practice Guidelines. ] Am Coll Cardiol.

2041;63(25 Pt B):2889-934

87-Zanni MV, Fitch KV, Feldpausch M, Han A, Lee H, Lu MT, Abbara S, Ribaudo H, Douglas

PS, Hoffmann U, Lo J, Grinspoon SK. 2013 American College of Cardiology/American Heart
Association and 2004 Adult Treatment Panel I1I cholesterol guidelines applied to HIV-infected

patients with/without subclinical high-risk coronary plaque. AIDS. 2014;28(14):2061-70

88- Aslangul E, Fellahi S, Assoumou LK, Bastard JP, Capeau J, Costagliola D. High-sensitivity C-reactive

protein levels fall during statin therapy in HIV-infected patients receiving ritonavir-boosted protease

inhibitors. AIDS. 2011;25(8):1128-31

89- Masid M, Bernal E, Robledano C, Padilla S, Lopez N, Martinez E, Gutiérrez F. Long-term

effects of an intensive intervention in HIV-infected patients with moderate-high atherosclerotic

cardiovascular risk. J Antimicrob Chemother. 2014;69(11):3051-6

90- Dirajlal-Fargo S, Kinley B, Jiang Y, Longenecker CT, Hileman CO, Debanne S, McComsey

GA. Statin therapy decreases N-terminal pro-B-type natriuretic peptide in HIV: randomized

placebo-controlled trial. AIDS. 2015;29(3):313-21

91-Boekholdt SM, Arsenault BJ, Mora S, Pedersen TR, LaRosa JC, Nestel PJ, Simes RJ,

Durrington P, Hitman GA, Welch KM, DeMicco DA, Zwinderman AH, Clearfield MB, Downs

JR, Tonkin AM, Colhoun HM, Gotto AM Jr, Ridker PM, Kastelein JJ. Association of LDL

32



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

33

cholesterol, non-HDL cholesterol, and apolipoprotein B levels with risk of cardiovascular

events among patients treated with statins: a meta-analysis. JAMA. 2012;307(12):1302-9

92- Arsenault BJ, Rana JS, Stroes ES, Després JP, Shah PK, Kastelein JJ, Wareham NJ, Boekholdt

SM, Khaw KT. Beyond low-density lipoprotein cholesterol: respective contributions of non-
high-density lipoprotein cholesterol levels, triglycerides, and the total cholesterol/high-density
lipoprotein cholesterol ratio to coronary heart disease risk in apparently healthy men and

women. J] Am Coll Cardiol. 2009;55(1):35-41

93-Hardoon SL, Morris RW, Whincup PH, Shipley MJ, Britton AR, Masset G, Stringhini S, Sabia

S, Kivimaki M, Singh-Manoux A, Brunner EJ. Rising adiposity curbing decline in the incidence
of myocardial infarction: 20-year follow-up of British men and women in the Whitehall 11

cohort. Eur Heart J. 2012;33(4):478-85

94- Arsenault BJ, Boekholdt SM. Clinical and biological relevance of statin-mediated changes in HDL

metabolism. Curr Atheroscler Rep. 2014;16(1):379.

95- Smith MEB, Lee NJ, Haney E, Carson S. Drug Class Review: HMG-CoA Reductase Inhibitors

(Statins) and Fixed-dose Combination Products Containing a Statin: Final Report Update 5
[Internet]. Portland (OR): Oregon Health & Science University; 2009. Available from

http://www.ncbi.nlm.nih.gov/books/NBK47273/

96- Chauvin B, Drouot S, Barrail-Tran A, Taburet AM. Drug-drug interactions between HMG-CoA

reductase inhibitors (statins) and antiviral protease inhibitors. Clin Pharmacokinet. 2013;52(10):815-31

97-Bellosta S, Paoletti R, Corsini A. Safety of statins: focus on clinical pharmacokinetics and drug

interactions. Circulation. 2004;109(23 Suppl 1):11150-7

98- Aquilante CL, Kiser JJ, Anderson PL, Christians U, Kosmiski LA, Daily EB, Hoffman KL,

Hopley CW, Predhomme JA, Schniedewind B, Sidhom MS. Influence of SLCO1B1

polymorphisms on the drug-drug interaction between darunavir/ritonavir and pravastatin. J Clin

33



10

11

12

13

14

15

16

17

18

19

20

Pharmacol. 2012;52(11):1725-38

99-Di Giambenedetto S, Fabbiani M, Colafigli M, Ciccarelli N, Farina S, Sidella L, D'Avino A,
Mondi A, Cingolani A, Tamburrini E, Murri R, Navarra P, Cauda R, De Luca A. Safety and
feasibility of treatment simplification to atazanavir/ritonavir + lamivudine in HIV-infected
patients on stable treatment with two nucleos(t)ide reverse transcriptase inhibitors +
atazanavir/ritonavir with virological suppression (Atazanavir and Lamivudine for treatment
Simplification, AtLaS pilot study). J Antimicrob Chemother. 2013;68(6):1364-72

100- Sponseller CA, Morgan RE, Kryzhanovski VA, Campbell SE, Davidson MH.

34

Comparison of the lipid-lowering effects of pitavastatin 4 mg versus pravastatin 40 mg in adults

with primary hyperlipidemia or mixed (combined) dyslipidemia: a Phase IV, prospective, US,
multicenter, randomized, double blind, superiority trial. Clin Ther. 2014;36(8):1211-22

101- Adams SP, Sekhon SS, Wright JM. Lipid-lowering efficacy of rosuvastatin. Cochrane
Database Syst Rev. 2014;11:CD010254.

102- Adams SP, Tsang M, Wright JM. Lipid-lowering efficacy of atorvastatin. Cochrane
Database Syst Rev. 2015;3:CD008226. doi:10.1002/14651858.

103- D'Ascenzo F, Biondi-Zoccai G. Network meta-analyses: the "white whale" for

cardiovascular specialists. J Cardiothorac Vasc Anesth. 2014;28(1):169-73.

Table 1. Baseline features of enrolled patients.

Median Interquartile range
Age (years, min-max value) 44.1 36.3 -56.0
Female gender 21.0 13.2-25.5

34
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BMI 23.9 23.3-25.1
Cuacasian ethnicity 91.0 84.5-96.5
Men having sex with men 41.1 33.8-47.7
IV drug user (previous or current) 33.0 24.8-44.0
Hypertension 10.0 8.0-23.0
Smoke 46.5 45.0-52.3
Diabetes 0.0 0.0-0.0
HBYV infection 3.6 29-42
HCV infection 21.4 17.9-21.9
Lenght of follow up (weeks) 12 12-36
Total cholesterol (mmol/l) 6.8 6.3-7.1
LDL cholesterol (mmol/l) 4.2 3.6-4.5
HDL cholesterol (mmol/l) 1.2 1.1-1.3
Triglycerides (mmol/l) 3.0 2.6-33

Values are expressed as percentage unless specified

BMI, body mass index; IV, intravenous; HBV, hepatitis B virus; HCV, hepatitis C virus

Table 2. HIV infection features of enrolled patients.

Values are expressed as percentage unless specified
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Median Interquartile range
Baseline CD4+ cells (cells/mm?) 521 423 - 552
Patients with < 50 copies/ml HIV-RNA 100.0 81.7-100.0
Time from HIV diagnosis (months) 106.0 74.4—-115.0
Time on HAART (months) 65.0 62.0-94.0
Patients on PI containing regimens 100.0 53.8—-100.0
Patients on NNRTI containing regimens 16.7 0.0-44.4
Patients on NRTI sparing regimens 0.0 0.0-44

36

HAART, highly active anti retroviral therapy; PI, protease inhibitors; NNRTI, non nucleoside reverse

transcriptase inhibitors; NRTI, nucleoside reverse transcriptase inhibitors.

FIGURE LEGENDS

Figure 1. Systematic review’s profile

Figure 2. Total cholesterol reduction according to different statins and dosages; the mean reduction of
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1.19 mmol/l corresponds to a decrease of 46.0 mg/dl.

Figure 3. LDL cholesterol reduction according to different statins and dosages; the mean reduction of

0.91 mmol/l corresponds to a decrease of 35.2 mg/dl.

Figure 4. Statin discontinuation due to adverse events according to different statins and dosages;

discontinuation rates are expressed as events/100 person- years.

Figure S. Metaregression of total cholesterol reduction on percentage of patients on NRTI-sparing
regimens (x-axis: percentage of patients on NRTI-sparing regimens; y-axis: mean cholesterol variation

in mmol/l). Area of circles is proportional to sample size.

SUPPLEMENTARY MATERIAL
Supplementary Figure 1. HDL cholesterol variation according to different statins and dosages; the

mean increase of 0.07 mmol/I corresponds to a variation of 2.7 mg/dl.
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Supplementary Figure 2. Triglycerides variation according to different statins and dosages; the mean

variation of 0.40 mmol/l corresponds to a reduction of 35.4 mg/dl.

Supplementary Figure 3. Regression of HDL cholesterol increase on age (x-axis: age of patients; y-

axis: HDL cholesterol variation in mmol/l). Area of circles is proportional to sample size.

Supplementary Figure 4. Regression of HDL cholesterol increase on percentage of patients on
NNRTI-containing regimens (x-axis: percentage of patients on NNRTI containing regimens; y-axis:

mean cholesterol variation in mmol/l). Area of circles is proportional to sample size.

Supplementary Figure 5. Regression of HDL cholesterol increase on percentage of patients on NRTI-
sparing regimens (x-axis: percentage of patients on NRTI-sparing regimens; y-axis: mean cholesterol

variation in mmol/l). Area of circles is proportional to sample size.

Supplementary Figure 6. Regression of triglycerides reduction on age (x-axis: mean age of patients;

y-axis: mean triglycerides variation in mmol/l). Area of circles is proportional to sample size.

Supplementary Figure 7. Metaregression of triglycerides reduction on percentage of patients on
NRTI-sparing regimens on (x-axis: percentage of patients on NRTI-sparing regimens; y-axis: mean

triglycerides variation in mmol/l). Area of circles is proportional to sample size.

Supplementary Figure 8. Metaregression of triglycerides reduction on HIV infection duration (x-axis:
months since HIV diagnosis; y-axis: mean triglycerides variation in mmol/l). Area of circles is

proportional to sample size.
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Supplementary Figure 9. Quality assessment of included studies

Supplementary Table 1. Total cholesterol and LDL reduction expressed as percentage for the

different statins tested. Results are expressed as mean + SD.

Supplementary Table 2. Metaregression analyses of main variables on total cholesterol (A), LDL (B),

HDL (C), triglycerides (D) and therapy discontinuation (E).

Supplementary Table 3. Network meta-analysis for reduction after treatment of total cholesterol,
LDN and HDL. (Data available on 5 RCTs with 404 patients for LDL and for 4 RCTs and 321 patients

for total cholesterol).

Supplementary Table 4. Main features of included studies
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