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INTRODUCTION!
• Ritonavir-boosted protease inhibitor (rPI) therapy 

leads to increases in fasting total, low-density 
lipoprotein (LDL), very low-density lipoprotein 
(VLDL) cholesterol fractions and triglycerides, with 
minimal impact on high-density lipoprotein (HDL) 
cholesterol [1]!

• Ritonavir/indinavir or ritonavir/lopinavir (rLPV) are 
each independently associated with a 12% to 16% 
increased relative risk of myocardial infarction per 
year of exposure [2, 3]!

• Ritonavir/atazanavir (rAZV) and ritonavir/darunavir 
(rDRV) are the two currently preferred rPIs - as per 
2015 United States Department of Health and 
Human Services (DHHS) antiretroviral guidelines; 
both produce elevations in total and LDL cholesterol 
and triglycerides when compared to the integrase 
inhibitor raltegravir [4]!

• There are two proven approaches to treating rPI-
associated dyslipidaemia:!

1. hypolipidaemic therapy, especially statins [5]; 
or!

2. switching the rPI to an alternative 
antiretroviral drug with fewer dyslipidaemic 
effects [6, 7]!

• Treating dyslipidaemia will only be of clinical 
relevance if it reduces cardiovascular risk [8]!

• No study to date has assessed the risk reduction for 
either statin or rPI switch therapy in HIV-infected 
adults - such a study is warranted for current rPIs 
and potent statins

OBJECTIVE!
• Evaluate the efficacy and safety of rosuvastatin 

versus rPI switching for the treatment of fasting 
dyslipidaemia in HIV-infected adults with increased 
cardiovascular risk!

• It was hypothesised that rosuvastatin would result in 
greater reductions in fasting total cholesterol than 
rPI switching

METHODS!
Study Design!
• 12-week, randomised, open-label study conducted at 9 sites in 

Australia and Spain (ACTRN12612000732886; NCT01935674)!
• Eligible participants were randomised in a 1:1 ratio, stratified by rPI 

at study entry (AZVr vs. other), and screening total fasting 
cholesterol (>7.0 mmol/L vs. ≤7.0 mmol/L). Study visits were at 
weeks 0, 4, and 12!

Treatment groups!
• Rosuvastatin 10 mg/day: participants received 1x10 mg tablet of 

rosuvastatin and continued usual rPI-based antiretroviral therapy!

• rPI switch: recommended switch options were raltegravir, rilpivirine 
and unboosted atazanavir. Efavirenz was not recommended!

• Both groups received standardised dietary and exercise advice!

Study Population!
• HIV-1-infected adults (≥18 years):!

on rPI-based antiretroviral therapy for ≥6 months;!
plasma viral load <50 copies/mL for ≥6 months!
fasting total cholesterol ≥5.5 mmol/L;!
elevated cardiovascular risk (defined as: Framingham 
score ≥8% at 10 years, or diabetes mellitus, or family 
history of premature coronary artery disease);!
no hypolipidaemic therapy for ≥3 months;!

• Exclusion criteria:!

lack of viable rPI switch options due to prior failure or 
resistance;!
contraindications to statins;!
pregnancy/planning pregnancy or breastfeeding!

Statistical Analysis!
• Primary outcome measure: percentage changes from week 0 to 12 

for fasting lipids between rosuvastatin and rPI switch groups!
• Primary endpoint: fasting total cholesterol!
• In HIV-infected adults, reported reductions in fasting total 

cholesterol are 28% with rosuvastatin [9], and 3% to 7% with rPI 
switching (lower reductions for switching from rAZV than rLPV) [7]!

• Minimum sample size was set at 14 per group, based upon the 
following assumptions:!

80% power to reject null hypothesis with an α of 0.05;!

50% participants on rLPV at study entry;!
non-parametric distribution of changes from baseline;!
participant loss to follow-up of 10%!

• Analysis of variation (ANOVA) and linear regression were used to 
assess change in total cholesterol against intervention type, 
baseline total cholesterol, and study entry rPI!

• Two subgroup analyses for percentage change in total cholesterol 
were performed for:!

rAZV versus Other rPI (pre-planned);!
DHHS preferred vs. non-preferred rPIs (post hoc)!

• All analyses were intention-to-treat; comparisons were performed 
with the Wilcoxon-rank sum test
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RESULTS

Figure 1. Changes in lipid parameters at week 12*

* All significant (p<0.05) endpoint changes reached significance by week 4

Rosuvastatin 
(n=23)

rPI switch 
(n=20)

Total 
(n=43)

Male, n (%) 22 (96) 20 (100) 42 (98)
Mean age, yrs 53 (8.7) 56 (8.2) 55 (8.5)
Race, n (%)
! white 22 (96) 19 (95) 41 (95)
! black 0 (0) 0 (0) 0 (0)
! other 1 (5) 1 (5) 2 (5)
Smoking status, n (%)
! current 12 (52) 8 (40) 20 (47)
! former 9 (39) 6 (30) 15 (35)
! never 2 (9) 6 (30) 8 (19)
Diabetes mellitus, n (%) 0 (0) 0 (0) 0 (0)
Family history, n (%) 1 (4) 1 (5) 2 (5)
Framingham score, % at 10 yrs 13.5 (5.8) 13.8 (4.3) 13.6 (5.1)
Weight, kg 79 (12) 78 (18) 78 (15)
Body-mass index, kg/m 25.7 (2.8) 25.7 (5.3) 25.7 (4.1)
Systolic BP, mmHg 130 (15) 134 (14) 132 (15)
Diastolic BP, mmHg 80 (11) 83 (7.7) 82 (9.6)

Table 1. Baseline demographics
Rosuvastatin 

(n=23)
rPI switch 

(n=20) Total (n=43)

Lipids
! total cholesterol, mmol/L 6.3 (1.4) 6.0 (0.9) 6.2 (1.2)
! HDL cholesterol, mmol/L 1.1 (0.2) 1.3 (0.4) 1.2 (0.3)
 ! LDL cholesterol, mmol/L 4.1 (0.9) 3.8 (0.8) 4.0 (0.9)
 ! VLDL cholesterol, mmol/L 1.2 (1.4) 1.0 (0.5) 1.1 (1.1)
 ! triglycerides, mmol/L 2.3 (1.4) 2.2 (1.1) 2.2 (1.3)
! total:HDL cholesterol ratio 5.7 (1.7) 4.8 (1.0) 5.3 (1.4)
Baseline total cholesterol
 ! ≤7.0 mmol/L 18 (78) 17 (85) 35 (81)
 ! >7.0 mmol/L 5 (22) 3 (15) 8 (19)
Glucose, mmol/L 5.2 (0.6) 5.2 (0.5) 5.2 (0.5)
 Insulin, mU/L 14 (10) 14 (10) 14 (10)
 HOMA-IR, mmol.mU/L 3.1 (2.2) 3.3 (2.7) 3.2 (2.4)
 HOMA-β, % 200 (275) 174 (125) 189 (220)
CD4+ cell count, x 10 632 (334) 579 (238) 606 (289)

Table 2. Baseline measurements

HOMA, homeostasis model assessment; IR, insulin resistance; β, pancreatic β-cell 
insulin secretory function

Rosuvastatin 
(n=23)

rPI switch 
(n=20)

Total 
(n=43)

NRTI backbone, n (%)
! tenofovir-emtricitabine 10 (43) 9 (45) 19 (44)
! abacavir-lamivudine 6 (26) 4 (20) 10 (23)
! single NRTI 2 (9) 1 (5) 2 (5)
! nil 4 (17) 6 (30) 9 (21)
rPI at enrolment, n (%)
! ritonavir/lopinavir BD 12 (52) 10 (50) 22 (51)
! ritonavir/atazanavir QD 7 (30) 5 (25) 12 (28)
! ritonavir/darunavir QD 4 (17) 4 (20) 8 (9)
! ritonavir/darunavir BD 0 (0) 1 (5) 1 (2)
rPI switch, n (%)
! raltegravir - 9 (45) -
! rilpivirine - 4 (20) -
! unboosted atazanavir - 3 (16) -
! elvitegravir/cobicistat - 1 (5) -
 ! ≥2 antiretroviral drugs - 3 (16) -

Table 3. Treatment characteristics

BD, twice-daily; NRTI, nucleos(t)ide reverse transcriptase inhibitor; 
QD, once-daily Rosuvastatin rPI switch Difference (95% CI) p

Weight -0.3 (2.8) +0.8 (3.3) 1.1 (-0.7, 3.0) 0.427
Fasting glucose -2.1 (13.0) +3.0 (9.9) 5.1 (-2.1, 12.4) 0.113
Fasting insulin +14.7 (59.3) -6.4 (40.3) 21.1 (-54.6, 12.4) 0.420
HOMA-IR -0.4 (2.2) -0.4 (1.5) <0.1 (-1.2, 1.2) 0.612
HOMA-β +34.1 (365) -29.5 (105) 63.6 (-244, 117) 0.046
LDL particle size +0.2 (2.8) +0.8 (3.7) 0.7 (-1.3, 2.8) 0.592
Framingham, % at 10 yrs -3.4 (5.9) -2.1 (2.7) 1.4 (-1.5, 4.3) 0.080
D:A:D, % at 5 yrs -1.6 (3.2) -0.5 (3.1) 1.1 (-0.9, 3.1) 0.098
Quality-of-life (SF-12 +2.2 (7.8) +0.4 (8.0) 1.7 (-3.1, 6.6) 0.553

Table 5. Changes in other secondary endpoints at week 12

Changes mean percentage change from week 0 (SD), except Framingham and D:A:D 
scores

CONCLUSIONS!
• In HIV-infected adults with dyslipidaemia and elevated 

cardiovascular risk, rosuvastatin was superior overall 
to rPI switching in reducing fasting total and LDL 
cholesterol, with fewer adverse events!

• The lipid-modifying effects of rosuvastatin were most 
apparent for DHHS-preferred rPIs; in non-preferred 
rPIs the efficacy difference between rosuvastatin and 
rPI switching was non-significant!

• rPI switching for the sole purpose of reducing lipids or 
cardiovascular risk may be unwarranted

Rosuvastatin rPI switch
One or more events, n (%) 14 (61) 14 (70)
Study drug-related events, n (%) 1 (4) 10 (50)

nausea 1 (4) 4 (20)
diarrhoea 0 (0) 4 (20)
fatigue 0 (0) 2 (10)
myalgia/myopathy 0 (0) 0 (0)
rash 0 (0) 1 (5)
other 1 (4) 6 (30)

SAEs - all, n % 1 (4) 1 (5)
SAEs - study drug-related, n (%) 0 (0) 0 (0)
Discontinuation due to adverse event, n (%) 0 (0) 0 (0)

Table 4. Selected clinical adverse events at week 12‡

SAE, serious adverse event!
‡ No DAIDS grade 3 or 4 laboratory abnormalities recorded; 1 participant (rosuvastatin 
group) with viral load rebound from non-compliance - resolved 3 months post-study 
without medication change

† Preferred rPI (rAZV QD; rDRV QD) as per 2015 DHHS antiretroviral guidelines

Figure 2. Total cholesterol changes by subgroup†


