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The efficacy and safety of different statins for human immunodeficiency virus (HIV)-positive patients in the primary prevention setting remain to be
established. In the present meta-analysis, 18 studies with 736 HIV-positive patients receiving combination antiretroviral therapy (cART) and treated
with statins in the primary prevention setting were included (21.0% women, median age 44.1 years old). The primary endpoint was the effect of
statin therapy on total cholesterol (TC) levels. Rosuvastatin 10 mg and atorvastatin 10 mg provided the largest reduction in TC levels [mean
—1.67, 95% confidence interval (Cl) (—1.99, —1.35) mmol/L; and mean —1.44, 95% CI (—1.85, —1.02) mmol/L, respectively]. Atorvastatin
80 mg and simvastatin 20 mg provided the largest reduction in low-density lipoprotein (LDL) [mean —2.10, 95% CI (—3.39, —0.81) mmol/L;
and mean —1.57, 95% CI (—2.67, —0.47) mmol/L, respectively]. Pravastatin 10—20 mg [mean 0.24, 95% ClI (0.10, 0.38) mmol/L] and atorvastatin
10 mg [mean 0.15, 95% CI (0.007, 0.23) mmol/L] had the largest increase in high-density lipoprotein, whereas atorvastatin 80 mg [mean —0.60,
95% Cl (—1.09, —0.11) mmol/L] and simvastatin 20 mg [mean —0.61, 95% CI (— 1.14, —0.08) mmol/L] had the largest reduction in triglycerides.
The mean discontinuation rate was 0.12 per 100 person-years [95% Cl (0.05, 0.20)], and was higher with atorvastatin 10 mg[26.5 per 100 person-
years, 95% Cl (—13.4, 64.7)]. Meta-regression revealed that nucleoside reverse transcriptase inhibitors-sparing regimens were associated with
reduced efficacy for statin’s ability to lower TC. Statin therapy significantly lowers plasma TC and LDL levels in HIV-positive patients and is asso-
ciated with low rates of adverse events. Statins are effective and safe when dose-adjusted for drug—drug interactions with cART.

Keywords HIV-positive patients @ Cardiovascular risk e Statin therapy e Antiretroviral therapy e Dyslipidaemia

activation (even in patients who are virologically suppressed) and
cART'
For HIV-positive patients, it is crucial to both assess and reduce

Introduction

Human immunodeficiency virus (HIV)-positive patients are ex-

posed to a higher risk of cardiovascular (CV) adverse events, which
represent the leading cause of death in this population, especially
after the introduction of combination antiretroviral therapy
(cART). The increased CV risk is related to the complex inter-
action between CV risk factors, the state of increased immune

CV risk, even more than it is for HIV-negative patients. Dyslipidae-
mia represents a frequent finding in this population and is driven by
negative lifestyle habits, cART, and the virus itself.**

In the HIV setting, statins [3-hydroxy-3-methylglutaryl-coenzyme

A (HMG-CoA) reductase inhibitors]® have become a crucial
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therapy for CV risk reduction and are widely used thanks to their ef-
ficacy to reduce cholesterol and to their pleiotropic effects regarding
plague stabilization and regression.”

Current evidence, however, is fraught by the absence of data on
the most efficacious statin and the lack of definite data on the clinical
relevance of the potential interactions with cART and on the rate of
discontinuation due to side effects.® 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 cART era.

Methods

To elaborate the present study, we followed the Preferred Reporting
[tems for Systematic reviews and Meta-Analyses (PRISMA), the amend-
ment to the Quality of Reporting of Meta-analyses (QUOROM) state-
ment 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 (http://www.nicedsu.org.uk/evidence-synthesis-tsd-
series%282391675%29.htm).” 13

Search strategy

Two researchers (S5.G. and F.D.A.) searched on MEDLINE/PubMed, Co-
chrane Library, Biomed Central, and Google Scholar for pertinent arti-
cles 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 (S.G. and F.D.A.) at the
title and/or abstract level, with divergences resolved after consensus. If
potentially pertinent, they were appraised as complete reports. Inclu-
sion criteria were (all had to be present) (i) human studies, (ii) HIV-
positive patients treated with statin in primary prevention, and (iii)
> 6-week follow-up. Exclusion criteria included (i) non-human setting,
(i) duplicate reporting (in which case the study reporting the largest
sample of patients was included), and (iii) <75% of patients on cART.

Data extraction

For each paper, two co-authors (S.G. and F.D.A.) elaborated these clin-
ical features: authors, journal, year of publication, location of the study
group, baseline, CV and HIV features, and kind and dose of statin.

Absolute change of total cholesterol (TC) was the primary endpoint,
while changes of low-density lipoprotein (LDL) cholesterol, high-
density lipoprotein (HDL) cholesterol, and triglycerides and treatment
discontinuation due to any adverse event the secondary ones.

Impacts of age, CD4™ cell counts, body mass index (BMI), cART
[divided by regimens including at least one protease inhibitor
(Pl-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 nucleoside reverse
transcriptase inhibitors (NRTI-sparing regimens, from now on)], length
of follow-up, time from HIV diagnosis, and cART exposure duration
were tested at meta-regression analysis. Sensitivity analysis was

performed for kind of statin, and after including also randomized
controlled trials (RCTs).

Internal validity and quality appraisal

Two unblinded reviewers (S.G. and F.D.A.) 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, and data source, as well as (in keep-
ing with the Cochrane Collaboration approach) the risk of analytical, se-
lection, 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).

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. Values of TC, LDL, HDL, and triglycer-
ides are expressed as millimoles per litre, where 1 mmol/L of TC, 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, com-
puting risk estimates with 95% confidence intervals (Cl) by using Rev-
Man 5 (The Cochrane Collaboration, The Nordic Cochrane Centre,
Copenhagen, Denmark). Study bias was appraised by graphical inspec-
tion 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 % 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, http:/www.nicedsu.org.uk/
evidence-synthesis-tsd-series%282391675%29.htm) 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 informa-
tion criterion (DIC) were used to appraise model fit. Results of network
meta-analysis were reported as odds ratios (OR) with 95% Cl for categor-
ical variables and mean differences with 95% ClI for continuous variables.
Extent of small study effects/publication bias was assessed by visual
inspection of funnel plots.

Meta-regression analysis was performed with Comprehensive Meta-
Analysis, reporting results as Beta, i.e. regression coefficients.

Results

The systematic literature search produced 236 citations that were
screened and evaluated at the abstract level (Figure 7). Of these, 37
were appraised as full text, among which 19 were excluded, as re-
ported in Supplementary material online, Table S1. Finally, 18 studies
were included, of which 2 utilized pravastatin 10-20 mg,'*'® 9 pra-
vastatin 40 mg,m_24 7 rosuvastatin 10 mg,15’17’20‘25_28 2 atorvastatin
10 mg,">* 1 atorvastatin 20—40 mg,* 1 atorvastatin 80 mg,*® 1 flu-
vastatin 20—40 mg,'* and 1 simvastatin 20 mg.>’

A total of 736 patients were included (Table 1), of whom 21.0%
were female, with a median age of 44.1 years [min—max (36.3, 56.0)]
and a mean BMI of 23.9 [IQR (23.3, 25.1)]. At baseline (Table 2), me-
dian CD4% cell count was 521 cells/mm? [IQR (423, 552)], mean
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Records identified through
database searching
(n= 236)

Additional records identified
through other sources

(n=10)

A 4

Full-text articles excluded

(n= 37)

Full-text articles assessed for eligibility

(n=19)
- results not stratified by statin
type and dose (n =6)
- cholesterol variations not
assessed (7 =4)

r

- patients not on HAART (n = 3)

- not all patients on statins (n =
2)
- duplicate reporting (n = 2)

Studies included
(n= 18)

- statins as part of a poly-
pharmacologic therapy (n = 1)
- values not suitable for the
present analysis (n = 1)

Figure | Systematic review’s profile.

Table | Baseline features of enrolled patients

Median  Interquartile
range
Age (years, min—max value) 44.1 36.3-56.0
Female gender 21.0 13.2-255
Body mass index 239 23.3-25.1
Cuacasian ethnicity 91.0 84.5-96.5
Men having sex with men 411 33.8-47.7
Intravenous drug user (previous 330 24.8-44.0
or current)
Hypertension 10.0 8.0-23.0
Smoke 46.5 45.0-52.3
Diabetes 0.0 0.0-0.0
HBV infection 3.6 29-42
HCV infection 214 17.9-21.9
Lenght of follow-up (weeks) 12 12-36
Total cholesterol (mmol/L) 6.8 6.3-7.1
LDL (mmol/L) 42 3.6-45
HDL (mmol/L) 12 11-13
Triglycerides (mmol/L) 30 26-33

Values are expressed as percentage unless specified.
HBV, hepatitis B virus; HCV, hepatitis C virus.

time from HIV diagnosis was 106.0 months [IQR (74.4, 115.0)],
and average duration of cART exposure was 65.0 months [IQR
(62.0, 94.0)]. The median follow-up was 12 weeks [IQR (12, 36)].

All patients were on cART: 76.5% on Pl-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 as-
sociated with the largest reduction in TC levels [mean —1.67 mmol/L,
95% ClI (—1.99, —1.35); and mean —1.44 mmol/L, 95% CI (—1.85,

Table 2 HIV infection features of enrolled patients

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 cART (months) 65.0 62.0-94.0
Patients on Pl-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 0.0-4.4

Values are expressed as percentage unless specified.

cART, combination antiretroviral therapy; Pl, protease inhibitors; NNRTI,
non-nucleoside reverse transcriptase inhibitors; NRTI, nucleoside reverse
transcriptase inhibitors.

—1.02), respectively, Figure 2], while rosuvastatin 10 mg [mean
—1.12, 95% CI (—1.40, —0.83)], atorvastatin 80 mg [mean —2.10,
95% Cl (—3.39, —0.81)], and simvastatin 20 mg [mean —1.57, 95%
Cl (—2.67, —0.47)] reduced LDL cholesterol (Figure 3).

Larger 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 material online, Figure ST].

Triglycerides values were significantly reduced (Supplementary
material online, Figure S2) in patients treated with rosuvastatin
10 mg [mean —0.56, 95% Cl (—0.70, —0.42)], atorvastatin 10 mg
[mean —0.59, 95% Cl (—0.81, —0.37)] and 80 mg [mean —0.60,
95% CI (—1.09, —0.11)], and simvastatin 20 mg [mean —0.61,
95% ClI (—1.14, —0.08)].

Twenty-seven (3.0%) patients interrupted statin therapy due to
adverse events, with a mean discontinuation rate of 0.12 [95% ClI

9102 ‘6 Afenige- uo 1s9nb Aq /Bio'sfeulnolpioxo: iresyinay/:dny woly papeojumoq


http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv734/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv734/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv734/-/DC1
http://eurheartj.oxfordjournals.org/

Page 4 of 10

S. Gili et al.

Mean Difference
Study or Subgroup Mean Difference  SE Weight IV, Random, 95% Cl

Mean Difference
IV, Random, 95% CI

1.2.1 Pravastatin 10-20 mg

BENESIC 2004 -0.5 0.24 7.2% -0.50[-0.97, -0.03] -1
CALZA 2008 -1.25 0.29 6.2% -1.25[-1.82, -0.68] -
Subtotal (95% CI) 13.5% -0.86 [-1.59, -0.12] -
Heterogeneity: Tau? = 0.21; Chi? = 3.97, df = 1 (P = 0.05); I? = 75%

Test for overall effect: Z = 2.29 (P = 0.02)

1.2.2 Pravastatin 40 mg

BONNET 2007 -1.4 0.53 3.1% -1.40 [-2.44, -0.36] ——
CALMY 2010 -0.6 0.2 8.1% -0.60[-0.99, -0.21] o
CALZA 2012 -1.12 0.21 7.9% -1.12[-1.53, -0.71] T
DE LUIS 2003 -0.69 0.44 3.9% -0.69[-1.55,0.17] I
MACALLAN 2008 -1.28 0.52 3.1% -1.28[-2.30, -0.26] o
MALLON 2006 -0.6 0.24 7.2% -0.60[-1.07, -0.13] =
STEIN 2004 -1.03 0.32 5.7% -1.03 [-1.66, -0.40] e
Subtotal (95% CI) 39.0% -0.86 [-1.08, -0.63] ¢
Heterogeneity: Tau® = 0.01; Chi* = 6.51,df = 6 (P = 0.37); I* = 8%

Test for overall effect: Z = 7.51 (P < 0.00001)

1.2.3 Rosuvastatin 10 mg

CALZA 2005 -1.55 0.5  3.3% -1.55[-2.53,-0.57] —_
CALZA 2008 -1.84 0.43 4,1% -1.84 [-2.68, -1.00] —
CALZA 2012 -2.06 0.35 5.2% -2.06[-2.75,-1.37] —
CALZA 2013 -1.74 0.36 5.0% -1.74[-2.45,-1.03] S A
CALZA 2014 -1.34 0.28 6.4% -1.34[-1.89, -0.79] —E
Subtotal (95% CI) 24.0% -1.67 [-1.99, -1.35] L J
Heterogeneity: Tau® = 0.00; Chi* = 2.88, df = 4 (P = 0.58); I’ = 0%

Test for overall effect: Z = 10.29 (P < 0.00001)

1.2.4 Atorvastatin 10 mg

CALZA 2008 -1.48 0.34  5.3% -1.48[-2.15, -0.81] —_
CALZA 2012 -1.41 0.27  6.6% -1.41[-1.94, -0.88] —
Subtotal (95% Cl) 11.9% -1.44 [-1.85, -1.02] ‘
Heterogeneity: Tau’? = 0.00; Chi® = 0.03, df = 1 (P = 0.87); I = 0%

Test for overall effect: Z = 6.80 (P < 0.00001)

1.2.5 Atorvastatin 20-40 mg

LO 2015 -1.23 0.38 4.7% -1.23[-1.97, -0.49] e
Subtotal (95% CI) 4.7% -1.23 [-1.97, -0.49] <
Heterogeneity: Not applicable

Test for overall effect: Z = 3.24 (P = 0.001)

1.2.7 Fluvastatin 20-40 mg

BENESIC 2004 -1.2 0.47 3.6% -1.20[-2.12,-0.28] ———
Subtotal (95% CI) 3.6% -1.20 [-2.12, -0.28] ‘-
Heterogeneity: Not applicable

Test for overall effect: Z = 2.55 (P = 0.01)

1.2.8 Simvastatin 20 mg

RAHMAN 2008 -1.42 0.51 3.2% -1.42[-2.42,-0.42] —
Subtotal (95% CI) 3.2% -1.42 [-2.42, -0.42] ‘
Heterogeneity: Not applicable

Test for overall effect: Z = 2.78 (P = 0.005)

Total (95% CI) 100.0% -1.19 [-1.40, -0.98] ¢
Heterogeneity: Tau? = 0.11; Chi? = 36.78, df = 18 (P = 0.006); I = 51% _1'4 _42 ) 5 3'4

Test for overall effect: Z = 10.94 (P < 0.00001)
Test for subgroup differences: Chi® = 19.65, df = 6 (P = 0.003), I = 69.5%

Favours [experimental] Favours [control]

Figure 2 Total cholesterol reduction according to different statins and dosages; the mean reduction of 1.19 mmol/L corresponds to a decrease

of 46.0 mg/dL.

(0.05, 0.20)] per 100 person-years overall. The higher incidence oc-
curred with atorvastatin 10 mg [mean 26.5 per 100 person-years,
95% ClI (—13.4, 64.7), Figure 4].

All results were consistent when including RCTs only; however,
rosuvastatin 10 mg lost its significant correlation with HDL increase
after this adjustment (data not shown).

Meta-regression analysis (Supplementary material online,
Table S2) shows that NRTI-sparing regimens were associated
with a smaller decrease in TC [Beta 0.007, 95% CI (0.001, 0.013),
P = 0.018, Figure 5] and that HDL cholesterol increase was negatively
affected by age [Beta —0.009, 95% CI (—0.016, —0.003), P = 0.005],
NNRTI-containing regimens [Beta —0.002, 95% CI (—0.002,
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Mean Difference

Mean Difference

Study or Subgroup Mean Difference SE Weight 1V, Random, 95% CI IV, Random, 95% CI
1.1.1 Pravastatin 10-20 mg

BENESIC 2004 -0.12 0.1 6.8% -0.12 [-0.32, 0.08]

CALZA 2008 -0.81 0.21 5.4% -0.81[-1.22,-0.40]

Subtotal (95% CI) 12.2% -0.44 [-1.11, 0.23] -

Heterogeneity: Tau? = 0.21; Chi* = 8.80, df = 1 (P = 0.003); I* = 89%
Test for overall effect: Z = 1.28 (P = 0.20)

1.1.2 Pravastatin 40 mg
ABERG 2005
ASLANGUL 2010
BONNET 2007
CALMY 2010
CALZA 2012

DE LUIS 2003
MACALLAN 2008
MALLON 2006
STEIN 2004
Subtotal (95% CI)

Heterogeneity: Tau® = 0.00; Chi® = 6.49, df = 6 (P = 0.37); I = 8%
Test for overall effect: Z = 9.31 (P < 0.00001)

1.1.3 Rosuvastatin 10 mg
ASLANGUL 2010

CALZA 2005

CALZA 2008

CALZA 2012

CALZA 2013

CALZA 2014

ECKARD 2014

Subtotal (95% CI)

Heterogeneity: Tau® = 0.08; Chi* = 14.28, df = 6 (P = 0.03); I = 58%
Test for overall effect: Z = 7.67 (P < 0.00001)

1.1.4 Atorvastatin 10 mg
CALZA 2008

CALZA 2012
Subtotal (95% CI)

Heterogeneity: Tau? = 0.00; Chi® = 0.01, df = 1 (P = 0.92); I = 0%
Test for overall effect: Z = 6.19 (P < 0.00001)

1.1.5 Atorvastatin 20-40 mg

LO 2015
Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z = 2.94 (P = 0.003)

1.1.6 Atorvastatin 80 mg

NAKANJAKO 2014
Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z = 3.18 (P = 0.001)

1.1.8 Fluvastatin 20-40 mg

BENESIC 2004
Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z = 2.44 (P = 0.01)

1.1.9 Simvastatin 20 mg

RAHMAN 2008
Subtotal (95% CI)

Heterogeneity: Not applicable

Test for overall effect: Z = 2.80 (P = 0.005)

Total (95% Cl)

-0.78 0.13 6.5% -0.78[-1.03, -0.53]
-0.92 0.21 5.4% -0.92[-1.33, -0.51]
-1 0.41 3.1% -1.00[-1.80, -0.20]
-0.4 0.16 6.1% -0.40[-0.71, -0.09]
-0.76 0.16 6.1% -0.76 [-1.07, -0.45]
0 0 Not estimable
-1.16 0.48 2.5% -1.16[-2.10, -0.22]
0 0 Not estimable
-0.71 0.25 4.8% -0.71[-1.20,-0.22]
34.4% -0.73 [-0.88, -0.57]

-1.69 0.33 3.8% -1.69[-2.34, -1.04]
-1.06 0.37 3.4% -1.06[-1.79, -0.33]
-1.2 0.31 4.1% -1.20[-1.81, -0.59]
=1.37 0.25 4.8% -1.37[-1.86,-0.88]
-1.34 0.3 4.2% -1.34[-1.93, -0.75]
-0.88 0.2 5.5% -0.88[-1.27, -0.49]
-0.69 0.13 6.5% -0.69 [-0.94, -0.44]
32.4% -1.12 [-1.40, -0.83]

-0.94 0.24 5.0% -0.94[-1.41, -0.47]
-0.91 0.19 5.7% -0.91[-1.28, -0.54]
10.6% -0.92 [-1.21, -0.63]

-1 0.34 3.7% -1.00[-1.67,-0.33]
3.7% -1.00 [-1.67, -0.33]

-2.1 0.66 1.6% -2.10[-3.39, -0.81]
1.6% -2.10 [-3.39, -0.81]

-1 0.41 3.1% -1.00[-1.80, -0.20]
3.1% -1.00 [-1.80, -0.20]

-1.57 0.56 2.0% -1.57[-2.67,-0.47]
2.0% -1.57 [-2.67, -0.47]

100.0% -0.91 [-1.10, -0.73]

Heterogeneity: Tau? = 0.12; Chi’> = 75.93, df = 21 (P < 0.00001); I = 72%
Test for overall effect: Z = 9.78 (P < 0.00001)
Test for subgroup differences: Chi? = 13.11, df = 7 (P = 0.07), I* = 46.6%
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Figure 3 Low-density lipoprotein cholesterol reduction according to different statins and dosages; the mean reduction of 0.91 mmol/L corre-

sponds to a decrease of 35.2 mg/dL.
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Mean Difference Mean Difference
Study or Subgroup  Mean Difference SE Weight 1V, Random, 95% CI IV, Random, 95% CI
1.6.1 Pravastatin 10-20 mg
BENESIC 2004 0 0.029 7.4% 0.00 [-0.06, 0.06]
CALZA 2008 2.94 041 0.8% 2.94 [2.14, 3.74] ——
Subtotal (95% CI) 8.2% 1.44 [-1.44, 4.32] e

Heterogeneity: Tau? = 4.24; Chi? = 51.16, df = 1 (P < 0.00001); I* = 98%
Test for overall effect: Z = 0.98 (P = 0.33)

1.6.2 Pravastatin 40 mg

ABERG 2005 5.04 0.486 0.6% 5.04 [4.09, 5.99] T
ASLANGUL 2010 0 0.015 7.6% 0.00 [-0.03, 0.03]

BONNET 2007 0 0.029 7.4% 0.00 [-0.06, 0.06]

CALMY 2010 28.26 5.788 0.0% 28.26 [16.92, 39.60] 4
CALZA 2012 32.7 4.423 0.0% 32.70 [24.03, 41.37] 4
DE LUIS 2003 0 0.041 7.1% 0.00 [-0.08, 0.08]

MALLON 2006 0 0.025 7.5% 0.00 [-0.05, 0.05]

STEIN 2004 0 0.01 7.7% 0.00 [-0.02, 0.02]

Subtotal (95% CI) 37.8% 0.08 [-0.04, 0.19] f

Heterogeneity: Tau? = 0.02; Chi? = 186.01, df = 7 (P < 0.00001); I = 96%
Test for overall effect: Z = 1.31 (P = 0.19)

1.6.3 Rosuvastatin 10 mg

ASLANGUL 2010 0 0.016 7.6% 0.00 [-0.03, 0.03]

CALZA 2005 0 0.025 7.5% 0.00 [-0.05, 0.05]

CALZA 2008 7.14 1.252  0.1% 7.14 [4.69, 9.59] _—
CALZA 2012 42.48 5.878  0.0% 42.48 [30.96, 54.00] 4
CALZA 2013 0 0.017 7.6% 0.00 [-0.03, 0.03]

CALZA 2014 271 034 1.1% 2.71[2.04, 3.38) —

ECKARD 2014 6.02 0.648  0.3% 6.02 [4.75, 7.29] —_—
Subtotal (95% CI) 24.2% 0.44 [0.22, 0.65] [

Heterogeneity: Tau? = 0.04; Chi® = 234.38, df = 6 (P < 0.00001); I = 97%
Test for overall effect: Z = 3.97 (P < 0.0001)

1.6.4 Atorvastatin 10 mg

CALZA 2008 6.25 1.013 0.1% 6.25 [4.26, 8.24] —
CALZA 2012 46.1 6.651 0.0% 46.10 [33.06, 59.14] 4
Subtotal (95% CI) 0.1% 25.63 [-13.40, 64.67] =S

Heterogeneity: Tau® = 771.38; Chi® = 35.09, df = 1 (P < 0.00001); I = 97%
Test for overall effect: Z = 1.29 (P = 0.20)

1.6.5 Atorvastatin 20-40 mg

LO 2015 0 0.024 7.5% 0.00 [-0.05, 0.05])
Subtotal (95% CI) 7.5% 0.00 [-0.05, 0.05]

Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)

1.6.6 Atorvastatin 80 mg

NAKANJAKO 2014 0 0.026 7.4% 0.00 [-0.05, 0.05]
Subtotal (95% CI) 7.4% 0.00 [-0.05, 0.05]
Heterogeneity: Not applicable

Test for overall effect: Z = 0.00 (P = 1.00)

1.6.8 Fluvastatin 20-40 mg

BENESIC 2004 0 0.029 7.4% 0.00 [-0.06, 0.06]
Subtotal (95% CI) 7.4% 0.00 [-0.06, 0.06]
Heterogeneity: Not applicable

Test for overall effect: Z = 0.00 (P = 1.00)

1.6.9 Simvastatin 20 mg

RAHMAN 2008 0 0.028 7.4% 0.00 [-0.05, 0.05]
Subtotal (95% CI) 7.4% 0.00 [-0.05, 0.05]
Heterogeneity: Not applicable

Test for overall effect: Z = 0.00 (P = 1.00)

Total (95% CI) 100.0% 0.12 [0.05, 0.20] |

4 2 0 2 4
Favours [experimental] Favours [control]

Heterogeneity: Tau? = 0.02; Chi? = 557.91, df = 22 (P < 0.00001); I = 96%
Test for overall effect: Z = 3.21 (P = 0.001)
Test for subgroup differences: Chi® = 19.49, df = 7 (P = 0.007), I = 64.1%

Figure 4 Statin discontinuation due to adverse events according to different statins and dosages; discontinuation rates are expressed as events/
100 person-years.
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Figure 5 Meta-regression of total cholesterol reduction on percentage of patients on nucleoside reverse transcriptase inhibitors-sparing regi-
mens (x-axis: percentage of patients on nucleoside reverse transcriptase inhibitors-sparing regimens; y-axis: mean cholesterol change in millimoles

per litre). Area of circles is proportional to sample size.

—0.001), P < 0.001] and NRTI-sparing regimens [Beta —0.001, 95%
Cl (—0.002, —0.001), P < 0.001, Supplementary material online,
Figures S3—S5]. Eventually, a smaller reduction of triglycerides
was reported in older patients [Beta 0.030, 95% CI (0.002, 0.058),
P = 0.035], in patients on NRTI-sparing regimens [Beta 0.006, 95%
Cl (0.002, 0.011), P = 0.007] and in those with a longer time from
HIV diagnosis [Beta 0.005, 95% CI (0.003, 0.008), P < 0.001, Supple-
mentary material online, Figures S6—58], while no significant interac-
tions were found for LDL and discontinuation relating to adverse
events.

Network meta-analysis for TC did not show significant differ-
ences among treatments, but it was possibly limited by the inclusion
of only four RCTs for TC and five for the other endpoints (Supple-
mentary material online, Table S3).

The methodological assessment revealed an overall satisfactory
quality of the included studies, the vast majority being prospective,
a third multicentre, with low risk of bias; geographical origin of study
was heterogeneous with the majority being performed in Europe
(see Supplementary material online, Figure S9 and Table 54).

Discussion

The main findings of the present analysis are as follows:

(1) Statins significantly reduce TC, LDL, and triglycerides in
HIV-positive patients on cART.

(2) Statins have a limited efficacy for increasing HDL.

(3) Despite their risk of pharmacokinetic interactions (especially
with Pls), statins and cART are safe and effective when concomi-
tantly administered in this population.

Dyslipidaemia represents a major CV risk factor for HIV-positive
patients, and it significantly contributes to increase the rate of CV
events in this population.> Combination antiretroviral therapy, es-
pecially Pls and NNRTIs, may alter lipid metabolism and favour the
development of pro-atherogenic lipid profiles, explaining the high
prevalence of dyslipidaemia encountered in HIV-positive patients.*

Despite encouraging results for non-pharmacological interven-
tions like diet and switching antiretroviral therapies,®>> statins re-
present a cornerstone for these patients. It has been estimated
that statin therapy should be prescribed in anywhere from 19 to
26% of primary prevention patients, if treated according to current
guidelines for general population.®*

Our study is, to the best of our knowledge, the largest piece of
evidence confirming the lipid-lowering effectiveness of statins in pa-
tients on cART, with all statins showing significant reductions in TC.
Low-density lipoprotein and triglycerides were effectively reduced
by almost all statins. High-density lipoprotein, as seen in HIV-
negative patients, was only marginally influenced by statins and
was the parameter with a higher number of interactions when
meta-regression was performed, suggesting a weak relationship
between its plasma levels changes and statin therapy. Statins also re-
duced non-HDL cholesterol, as can be inferred from the reduction
of TC and the modest increase of HDL, and triglycerides, two
strong, independent predictors of adverse CV events, which reduc-
tion may significantly improve CV prognosis.>®

Based on our data, we can only postulate that the lipid-lowering
effects of statins may lead to an improved CV outcome in HIV-
positive patients; this hypothesis needs corroboration by means of
adequately powered and designed studies. Statins have been shown
to reduce inflammatory markers in HIV-positive patients by some
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20.27 \vhile others have failed to corroborate these find-

reports,
ings.zg'36 More consistent positive effects have been shown for mar-
kers of atherosclerosis. Rosuvastatin decreased carotid intima-
media thickness in 42 patients on NRTIs?® and reduced monocyte
activation (particularly in patients on PIs), as measured by soluble
CD14, and lipoprotein-associated phospholipase A, (Lp-PLA;) in
147 patients randomized to rosuvastatin or placebo. Pravastatin
showed a tendency to increase flow-mediated arterial vasodila-
tion®* and has been inconsistently associated with a reversion of li-
podystrophy.’”?%23 Atorvastatin reduced the atherosclerotic
burden, assessed by coronary computed tomography, and Lp-PLA2,
in 40 patients (95% on NRTIs).*’

To appraise the overall effect of statin therapy in the HIV-positive
population, we compared the changes in lipid values achieved in our
study with those reported for the general population. As shown in
Supplementary material online, Table S5, the main statins tested in
our analysis reported a lower relative reduction of total and LDL
cholesterol when compared with the values reported for general
population.®” =37 Similar results emerged from three studies directly
comparing statins in HIV-positive vs. HIV-negative |3atients,31‘4°'41
and they are probably motivated by the complex interactions of
cART with lipid metabolism and statins’ pharmacokinetics.

Beyond effectiveness, the more critical aspect of statin therapy in
HIV-positive patients is safety of their co-administration with cART,
related to the numerous drug—drug interactions. Protease inhibi-
tors variably inhibit CYP3A4 and may determine plasma accumula-
tion of statins, especially simvastatin and lovastatin and, to a lesser
extent, atorvastatin and rosuvastatin, increasing the risk of
dose-related adverse events, while NNRTIs are inductors of
CYP3A4 and may decrease plasma concentrations of those statins
(http://www.hiv-druginteractions.org/data/ExtraPrintableCharts/
ExtraPrintableChart|D8.pdf). Discontinuation rate was generally
low and comparable to those of the general population (3.0% in
our study vs. 5.6% as reported from a pooled analysis of RCTs).**
After assessment with meta-regression, cART did not show any sig-
nificant interaction with statins concerning adverse events, confirm-
ing that statins, if appropriately dose-adjusted and monitored, may
be safely prescribed regardless of the presence of these regimens.
Only atorvastatin 10 mg showed a high discontinuation rate, even
if no specific explanations can be provided for this finding, since,
at meta-regression, no significant interactions emerged with
cART, and no safety concerns were reported for higher dosages,
highlighting the need of further data on this topic.

Concerning lipid-lowering effects on TC and LDL, the lone inter-
action with cART reported at meta-regression analysis was with
NRTI-sparing regimens, which were associated with a reduced abil-
ity of statins to decrease TC. Nucleoside reverse transcriptase inhi-
bitors have been inconsistently associated with increases in LDL and
triglycerides, with the exception of tenofovir, which has been asso-
ciated with lower values of TC.*® Even if we can postulate a role of
tenofovir on this result, we cannot estimate its relevance since stud-
ies included in our analysis did not provide complete reports on the
specific drugs prescribed. Another possible explanation of this
interaction may be that patients enrolled in the studies included
in our meta-analysis 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, NRTI-sparing regimens are usually ad-
ministered to more frail patients, i.e. with resistant variants (often
after long treatment duration) or showing multiple co-morbidities.

No significant associations at meta-regression emerged between
Pls and NNRTIs and statins, a partly unexpected finding considering
the number of drug—drug interactions reported. A possible mech-
anism could be the fact that, as demonstrated in HIV-negative pa-
tients, lipid-lowering effect of statins may not relevantly resent of
their plasma concentration, as it 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 pre-
dictable way.**

Limitations

Our study has some limitations. First, the present analysis includes
both RCTs and observational studies, limiting the inferential
strength of our data on one side, but increasing the applicability
to real world on the other side.* Second, it is not a patient level
meta-analysis. Third, for some classes of statins, only a few studies
reported available data; however, we chose to focus on reports
with statin and dose, in order to give a clear and concrete message.
Fourth, results for rosuvastatin 10 mg are mainly based on the re-
ports of a single study group (Calza et al.). In one of these studies,?®
it is unclear if patients enrolled were included in other studies from
the same group2°'27; after exclusion of this s'cudy,26 analyses were re-
peated with no significant changes in the reported results, excepted
for the discontinuation rate, which increased from 0.44 per 100 to
1.10 per 100 person-years. Moreover, conflicts of interest to ex-
clude financial involvement with rosuvastatin producers were re-
ported in only one out of the five studies by Calza et al. included.?®

Conclusion

In HIV-positive patients on cART, statins prescribed for primary pre-
vention presented a good safety profile and were effective for im-
proving dyslipidaemia. Specifically, rosuvastatin 10 mg showed high
reductions of TC, LDL, and triglycerides and significantly augmented
HDL; pravastatin 40 mg mildly decreased TC, LDL, and triglycerides,
but was unable to significantly increase HDL. Atorvastatin showed
controversial safety results: pending further evidences its prescrip-
tion should be carefully monitored. Simvastatin, despite proving to
be safe and effective, should not be prescribed concomitantly with
Pls due to pharmacokinetic interactions. Fluvastatin appeared to be
safe and efficacious, even though results were based on a single
study. The effectiveness of statins is apparently reduced in
HIV-positive patients when compared with HIV-negative controls,
probably as a consequence of the interactions of cART with
lipid metabolism and with statins’ pharmacokinetics. Combination
antiretroviral therapy, despite the well-characterized drug—drug
interactions, does not appear to affect the safety of dose-adjusted
statins.

Supplementary material

Supplementary material is available at European Heart Journal online.

9702 ‘6 Afenige- uo 1s9nb Aq /Bi1o'sfeulnolpioxo: iesyina)/:dny woly papeojumoq


http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv734/-/DC1
http://www.hiv-druginteractions.org/data/ExtraPrintableCharts/ExtraPrintableChartID8.pdf
http://www.hiv-druginteractions.org/data/ExtraPrintableCharts/ExtraPrintableChartID8.pdf
http://www.hiv-druginteractions.org/data/ExtraPrintableCharts/ExtraPrintableChartID8.pdf
http://www.hiv-druginteractions.org/data/ExtraPrintableCharts/ExtraPrintableChartID8.pdf
http://www.hiv-druginteractions.org/data/ExtraPrintableCharts/ExtraPrintableChartID8.pdf
http://www.hiv-druginteractions.org/data/ExtraPrintableCharts/ExtraPrintableChartID8.pdf
http://www.hiv-druginteractions.org/data/ExtraPrintableCharts/ExtraPrintableChartID8.pdf
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/ehv734/-/DC1
http://eurheartj.oxfordjournals.org/

Safety and efficacy of statins in HIV-positive patients

Page 9 of 10

Acknowledgements

We thank all the physicians being precious part of the HIV primary
prevention outpatient clinic (“Ambulatorio del sabato”), who were

crucial to develop the idea of the present paper.

Conflict of interest: F.D.A. has received speaker fees from Chiesi,
Cros NT, and Mediserve. A.C. has received grants, travel grants, and

Sp
Sh

eaker’s honoraria from Abbott, Bristol-Myers Squibb, Merck
arp & Dohme, and Janssen-Cilag. S.G., W.G.M,, E.L., M.C,, F.B,,

E.C, MP,UB, MM, D, CJL, PO, AM,SB, MG, GBZ,

C.

R

M., and F.G.: none.

eferences

The full list of references is available on the online version of this

P3|
1

N

w

[}

o

~

oo

el

10.

1.

12.

13.

per.

. D’Ascenzo F, Cerrato E, Appleton D, Moretti C, Calcagno A, Abouzaki N,

Vetrovec G, Lhermusier T, Carrie D, Das Neves B, Escaned |, 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 J}, Omedé P, Bonora S, Gaita F, Abbate A, Zoccai GB; Percutan-
eous 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:
558-564.

. GBD 2013 Mortality and Causes of Death Collaborators. Global, regional, and na-

tional 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;385:117-171.

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

Castagno D, Omedé P, Quadri G, Sciuto F, Presutti D, Frati G, Bonora S,
Moretti C, Gaita F. Cardiac dysfunction in pauci symptomatic human immunodefi-
ciency virus patients: a meta-analysis in the highly active antiretroviral therapy era.
Eur Heart | 2013;34:1432-1436.

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

Kingsley LA. Impact of HIV infection and HAART on serum lipids in men. JAMA
2003;289:2978-2982.

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

bitors for treatment of hyperlipidemia in patients with HIV infection. Pharmacother-
apy 2000;20:1066—1071.

. Ganesan A, Crum-Cianflone N, Higgins J, Qin J, Rehm C, Metcalf ], Brandt C, Vita J,

Decker CF, Sklar P, Bavaro M, Tasker S, Follmann D, Maldarelli F. High dose ator-
vastatin decreases cellular markers of immune activation without affecting HIV-1
RNA levels: results of a double-blind randomized placebo controlled clinical trial.
J Infect Dis 2011;203:756—764.

. D’Ascenzo F, Agostoni P, Abbate A, Castagno D, Lipinski M), Vetrovec GW, Frati G,

Presutti DG, Quadri G, Moretti C, Gaita F, Zoccai GB. Atherosclerotic coronary
plague regression and the risk of adverse cardiovascular events: a meta-regression
of randomized clinical trials. Atherosclerosis 2013;226:178—185.

. Feinstein MJ, Achenbach CJ, Stone NJ, Lloyd-Jones DM. A systematic review of the

usefulness of statin therapy in HIV-infected patients. Am | Cardiol 2015;115:
1760-1766.

. Liberati A, Altman DG, Tetzlaff ], Mulrow C, Ggtzsche PC, loannidis JP, Clarke M,

Devereaux P, Kleijnen J, Moher D. The PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate healthcare interventions: ex-
planation and elaboration. BMJ 2009;339:b2700.

Moher D, Cook DJ, Eastwood S, Olkin |, Rennie D, Stroup DF. Improving the qual-
ity of reports of meta-analyses of randomised controlled trials: the QUOROM
statement. Quality of Reporting of Meta-analyses. Lancet 1999;354:1896—1900.
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 epidemi-
ology: a proposal for reporting. Meta-analysis Of Observational Studies in Epidemi-
ology (MOOSE) group. JAMA 2000;283:2008—2012.

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

Higgins JPT, Green S, eds. Cochrane Handbook for Systematic Reviews of Interventions
Version 5.0.2 [updated September 2009]. The Cochrane Collaboration; 2009. www.
cochrane-handbook.org.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. 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. Infec-
tion 2004;32:229-233.

. 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;6:572—578.

. Aberg JA, Zackin RA, Brobst SW, Evans SR, Alston BL, Henry WK, Glesby M|,

Torriani FJ, Yang Y, Owens SI, Fichtenbaum CJ; ACTG 5087 Study Team. A rando-
mized 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;21:757-767.

. 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 pa-
tients receiving protease inhibitors: a randomized trial. AIDS 2010;24:77—-83.

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

Lacoste D, Dabis F, Beylot |, Chéne G, Morlat P; GECSA. Pravastatin in
HIV-infected patients treated with protease inhibitors: a placebo-controlled rando-
mized study. HIV Clin Trials 2007;8:53—60.

. 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 treatment for HIV lipoatrophy in men who have ceased thy-
midine analogue nucleoside reverse transcriptase inhibitor therapy: a randomized
trial. HIV Med 2010;11:493-501.

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;13:153-161.

de Luis DA, Bachiller P, Aller R, Eiros Bouza J, Izaola O. Pravastatin in hyperlipid-
emia secondary to HIV protease inhibitors without response to fenofibrate: a brief
preliminary report. Nutrition 2003;19:903—-904.

Macallan DC, Baldwin C, Mandalia S, Pandol-Kaljevic V, Higgins N, Grundy A,
Moyle GJ. Treatment of altered body composition in HIV-associated lipodystro-
phy: comparison of rosiglitazone, pravastatin, and recombinant human growth hor-
mone. HIV Clin Trials 2008;9:254—268.

Mallon PW, Miller ], Kovacic JC, Kent-Hughes ], Norris R, Samaras K, Feneley MP,
Cooper DA, Carr A. Effect of pravastatin on body composition and markers of car-
diovascular disease in HIV-infected men—a randomized, placebo-controlled study.
AIDS 2006;20:1003—-1010.

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 | 2004;147:E18.

Calza L, Colangeli V, Manfredi R, Legnani G, Tampellini L, Pocaterra D, Chiodo F.
Rosuvastatin for the treatment of hyperlipidaemia in HIV-infected patients receiv-
ing protease inhibitors: a pilot study. AIDS 2005;19:1103—-1105.

Calza L, Manfredi R, Colangeli V, Trapani FF, Salvadori C, Magistrelli E, Danese |,
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 anti-
retroviral therapy with asymptomatic atherosclerosis and moderate cardiovascular
risk. AIDS Res Hum Retroviruses 2013;29:547—-556.

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 ser-
um levels of inflammatory markers more than antiretroviral drugs alone in anti-
retroviral therapy-naive HIV-infected patients. HIV Clin Trials 2014;15:1-13.
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 sub-
jects receiving antiretroviral therapy. | Infect Dis 2014;209:1156—-1164.

Lo J, Lu MT, Ihenachor EJ, Wei |, Looby SE, Fitch KV, Oh |, Zimmerman CO,
Hwang ], Abbara S, Plutzky |, 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:e52—e63.
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 re-
duces T-cell activation and exhaustion among HIV-infected cART-treated subopti-
mal immune responders in Uganda: a randomised crossover placebo-controlled
trial. Trop Med Int Health 2015;20:380—390.

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 immunodefi-
ciency virus-infected patients receiving efavirenz-based highly active antiretroviral
therapy. Pharmacotherapy 2008;28:913-919.

. 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

9702 ‘6 Afenige- uo 1s9nb Aq /Bio0'sfeulnolpioxo: iesyina)/:dny woly papeojumoq


www.cochrane-handbook.org
www.cochrane-handbook.org
www.cochrane-handbook.org
www.cochrane-handbook.org
http://eurheartj.oxfordjournals.org/

Page 10 of 10

S. Gili et al.

33.

34.

35.

36.

37.

38.

group. Predicting the risk of cardiovascular disease in HIV-infected patients: the
data collection on adverse effects of anti-HIV drugs study. Eur | Cardiovasc Prev Re-
habil 2010;17:491-501.

Martinez E, Conget |, Lozano L, Casamitjana R, Gatell M. Reversion of metabolic
abnormalities after switching from HIV-1 protease inhibitors to nevirapine. AIDS
1999;13:805-810.

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 Cardi-
ology/American Heart Association and 2004 Adult Treatment Panel lll cholesterol
guidelines applied to HIV-infected patients with/without subclinical high-risk cor-
onary plaque. AIDS 2014;28:2061-2070.

Hardoon SL, Morris RW, Whincup PH, Shipley M), Britton AR, Masset G,
Stringhini S, Sabia S, Kivimaki M, Singh-Manoux A, Brunner EJ. Rising adiposity curb-
ing decline in the incidence of myocardial infarction: 20-year follow-up of British
men and women in the Whitehall Il cohort. Eur Heart | 2012;33:478—-485.

Masid M, Bernal E, Robledano C, Padilla S, Lépez N, Martinez E, Gutiérrez F. Long-
term effects of an intensive intervention in HIV-infected patients with moderate-high
atherosclerotic cardiovascular risk. | Antimicrob Chemother 2014;69:3051—3056.
Sponseller CA, Morgan RE, Kryzhanovski VA, Campbell SE, Davidson MH. Com-
parison 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;36:1211-1222.

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

39.

40.

41.

42.

43.

44,

45.

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

Townsend ML, Hollowell SB, Bhalodia J, Wilson KH, Kaye KS, Johnson MD. A com-
parison of the effectiveness of lipid-lowering therapy between HIV- and
non-HIV-infected subjects with hyperlipidaemia. Int /| STD AIDS 2007;18:851—-855.
Silverberg M), 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;150:301-313.

Kashani A, Phillips CO, Foody JM, Wang Y, Mangalmurti S, Ko DT, Krumholz HM.
Risks associated with statin therapy: a systematic overview of randomized clinical
trials. Circulation 2006;114:2788—-2797.

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 nu-
cleos(t)ide reverse transcriptase inhibitors 4 atazanavir/ritonavir with virological
suppression (Atazanavir and Lamivudine for treatment Simplification, AtLaS pilot
study). | Antimicrob Chemother 2013;68:1364—1372.

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/ri-
tonavir and pravastatin. | Clin Pharmacol 2012;52:1725—1738.

D’Ascenzo F, Biondi-Zoccai G. Network meta-analyses: the "white whale" for car-
diovascular specialists. | Cardiothorac Vasc Anesth 2014;28:169—-173.

9102 ‘6 Afenige- uo 1s9nb Aq /Bio'sfeulnolpioxo: iesyina)/:dny woly papeojumoq


http://eurheartj.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


