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Abstract

Background—Statins have a beneficial effect on bone mineral density (BMD) and lean mass in 

some studies of HIV-uninfected adults, however this has never been investigated in the setting of 

HIV infection.

Design—HIV-infected subjects on stable antiretroviral therapy with a low-density lipoprotein 

cholesterol level of ≤ 130 mg/dL and evidence of heightened immune activation or inflammation 

were randomized to rosuvastatin 10mg daily or placebo for 96 weeks.

Methods—This was a prespecified interim analysis at 48 weeks. Between-group and within 

group differences were compared; multivariable regression models were constructed.

Results—72 subjects were randomized to statin therapy and 75 to placebo. Modest 48 week 

relative increases in trochanter BMD (0.9%; 95% CI: -0.9, 0.6%) and total hip BMD (0.6%; 95% 

CI: 0.0, 1.1%) in the statin arm were significantly greater than placebo (p<0.05). The relationship 

between statin use and total hip BMD change was robust to adjustment of age, gender, race, and 

smoking status (p=0.02) and strengthened by inclusion of baseline (p=0.01) and week 48 change 

in sTNFR-1 (p=0.009). Relative increases in total body, trunk and limb fat were similar between 

statin and placebo arms (p ≥0.58). Although a significant gain in leg lean mass was seen in the 

statin arm, this was not significantly different compared to placebo (p=0.36).

Conclusions—The improvements seen in total hip BMD after 48 weeks of rosuvastatin therapy 

support further potential benefits of statin therapy in HIV, beyond a reduction of cardiovascular 

risk.
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Background

Combination antiretroviral therapy (ART) has increased the life expectancy of human 

immunodeficiency virus type 1 (HIV) infected persons so that nearly one-half of the 1.2 

million HIV-infected persons in the United States are now age 50 years or older. Although 

living longer, even HIV-infected persons on effective ART appear to be at greater risk of 

age-related complications including cardiovascular disease and osteoporosis, due at least 

partly to enhanced inflammation and immune activation [1, 2].

3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statins) are highly effective at 

decreasing cardiovascular events, with morbidity and mortality reductions seen well beyond 

the magnitude of decrease in cholesterol and attributed to the anti-inflammatory benefit [3]. 

We have recently shown that statins improve several markers of immune activation and 

inflammation in HIV-infected persons on stable ART [4, 5].

In addition to the cardiovascular benefits, studies in older adults without HIV suggest that 

statins may exert an additional beneficial effect on bone mineral density (BMD) and on 

measures of body composition. Although statin use was not associated with a decreased risk 

of non-traumatic fractures in a large HIV-infected cohort [6], the effect of statins on BMD in 

HIV is unknown. Among HIV-infected persons, increases in subcutaneous fat [7] and hip 

circumference [8] were observed with randomized statin initiation, suggesting a possible 

role of statins in the treatment of lipoatrophy. Furthermore, although myotoxic adverse 

effects of statins are reported among both HIV-infected and –uninfected older adults, statin 

use has been associated with favorable changes in lean mass among older, HIV-uninfected 

adults [9, 10]. Thus, a theoretical benefit of statins could extend to the bone and body 

composition of persons aging with HIV. In a double-blinded placebo-controlled trial of 

rosuvastatin, we hypothesized that statin therapy would be associated with an improvement 

in BMD, gain in limb fat without a gain in central fat, and gain in limb lean mass compared 

to placebo, and that these changes would be explained through improvements in 

inflammation and immune activation.

Methods

Study Design and Participants

The SATURN-HIV (Stopping Atherosclerosis and Treating Unhealthy bone with 

RosuvastatiN in HIV) study is a randomized, double-blinded, placebo-controlled trial 

designed to measure the impact of daily rosuvastatin at 10mg on cardiovascular disease and 

skeletal health, as previously described [4, 5, 11, 12]. Randomization was 1:1 and stratified 

by protease inhibitor use at study entry, by the presence or absence of osteopenia (at either 

hip or spine) at study entry, and by presence or absence of coronary calcifications by CT 

scan. Randomization lists were generated by the study statistician and provided directly to 

the investigational pharmacist who administered study drug. This report details the results of 
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a pre-specified, interim analysis of BMD, fat, and lean mass changes from baseline to week 

48. Enrollment occurred between March 2011 and August 2012, when target enrollment was 

obtained. Eligible subjects were HIV-infected adults ≥ 18 years of age with a fasting low-

density lipoprotein (LDL) cholesterol of ≤130 mg/dL and either a high sensitivity C-reactive 

protein (hsCRP) level of ≥2 mg/L and/or ≥19% activated CD8+ T-cells (CD8+CD38+HLA-

DR+). Additional eligibility criteria included receipt of stable ART for ≥12 weeks with 

cumulative ART duration of ≥6 months, HIV-1 RNA ≤1,000 copies/mL, and no history of 

fragility fractures. Subjects were excluded for an active or chronic inflammatory condition 

(besides HIV), prior myocardial infarction, pregnancy/lactation, receipt of systemic 

chemotherapy or steroids, diabetes mellitus or uncontrolled thyroid disease, or use of 

anabolic agents, growth hormone, >81 mg aspirin daily, or bone therapy (bisphosphonates, 

teriparatide, calcitonin). The study is registered on clinicaltrials.gov (NCT01218802) and 

was approved by the Institutional Review Board of University Hospitals Case Medical 

Center (Cleveland, OH). Written informed consent was provided by all participants.

Clinical Assessments—At the initial visit, self-reported demographics, medical and HIV 

treatment history were obtained, with confirmation by medical records. Targeted physical 

exam included height and weight measurements. Body mass index (BMI) was calculated 

using the weight (kg) divided by the height (m) squared. Blood samples were collected after 

a 12-hour fasting period. HIV-1 RNA level and CD4+ lymphocyte count were obtained as 

part of routine clinical care.

Dual-Energy X-ray Absorptiometry—Dual-energy X-ray absorptiometry (DXA) of 

whole body, lumbar spine (L1-4) and left hip was performed in anteroposterior view using 

Lunar Prodigy Advance machine (GE Healthcare). Peripheral fat depot (limb fat) and central 

fat depots (trunk fat) from whole body DXA were used in the analysis. Total lean mass was 

defined as fat-free, bone-free mass as measured by DXA; peripheral lean mass (arm and leg) 

were also used in the analysis. Technicians used the same machine on the same subject 

throughout the study. All DXA scans were read at Case Medical Center by an experienced 

radiologist blinded to study information. Subjects were labeled with osteopenia if their T-

score was ≤-1 and osteoporosis if T-score was ≤ -2.5 at either total hip or lumbar spine [13].

Markers of inflammation and activation—Plasma markers of inflammation and 

activation were measured as previously reported [5]. Concentrations of soluble vascular cell 

adhesion molecule-1 (sVCAM-1), soluble tumor necrosis factor-α receptor (sTNFR)-I, 

interleukin-6 (IL-6), lipoprotein-associated phospholipase A2 (Lp-PLA2), soluble CD163 

(sCD163), and soluble CD14 (sCD14) were determined by ELISAs (R&D Systems, 

Minneapolis, MN and diaDexus, San Francisco, CA). T lymphocytes and monocytes were 

phenotyped by flow cytometry as previously described [5].

Statistical Analysis—This was a pre-specified, preplanned interim analysis to assess 

changes from baseline to 48 weeks in BMD, fat, and lean mass. Continuous measures were 

described by medians and interquartile ranges and nominal variables with frequencies and 

percentages. Nominal variables were compared using χ2 analysis or Fisher exact test. For 

between-group and within group comparisons (at baseline and baseline to 48 week changes), 
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normally distributed variables were compared using t tests or paired t test respectively; non-

normally distributed variables were compared using Wilcoxon rank-sum or signed-rank test 

tests, respectively. Multivariable regression models were constructed to examine the effect 

of covariates on the association between statin and relative BMD change. Age, sex, race, 

and smoking were included in all models. Additional covariates were included singly and 

included clinical characteristics (baseline and week 48 change in body mass index, limb and 

trunk fat, and total lean mass; family history of hip fracture; week 48 change in LDL), HIV-

specific characteristics (baseline and change in HIV-1 RNA, current and nadir CD4+ 

lymphocytes, current protease inhibitor or tenofovir-containing regimen, duration of 

protease inhibitor), inflammation (baseline and week 48 change in IL-6, sTNFR-1, sVCAM, 

Lp-PLA2) and activation (week 48 change in sCD14, sCD163, %CD14+CD16+ monocytes, 

%CD14dimCD16+ monocytes and %CD38HLA-DR+ CD4+ and CD8+ lymphocytes). 

Analyses were performed with SAS version 9.2 (SAS Institute, Cary, NC).

Results

Study Population

One-hundred and forty-seven HIV-1-infected persons enrolled and were assigned to receive 

rosuvastatin (72 subjects) or placebo (75 subjects). The groups were well balanced between 

arms (Table 1). Overall, the median age was 47 years, the median CD4+ lymphocyte count 

was 613 cells/μL, and 78% had an HIV-1 RNA < 50 copies/mL. The majority of participants 

were male, African American, smokers and taking tenofovir-containing ART regimens. 

Thirty-five (24%) subjects met criteria for osteopenia or osteoporosis at the hip and 32 

(22%) met criteria for osteopenia or osteoporosis at the lumbar spine.

Subject Disposition and Safety Data—Nineteen subjects (6 statin; 13 placebo) 

withdrew prior to the week 48 analysis: 16 were lost-to-follow-up. One subject on placebo 

was diagnosed with diabetes and dropped out. Two subjects on placebo withdrew due to 

Grade 2 myalgias with normal creatine phosphokinase (CPK) levels. One subject in the 

statin group stopped treatment at week 5 due to hospitalization for hydration to treat grade 3 

myalgias without rhabdomyolysis or renal compromise, but continued to be followed on 

study, off study drug. Myalgias resolved soon after study drug was discontinued. Three 

subjects on placebo changed ART regimens between baseline and 48 weeks: one replaced 

didanosine with abacavir, one switched from emtricitabine/tenofovir to abacavir/lamivudine, 

and one switched from lamivudine/zidovudine to emtricitabine/tenofovir and maraviroc. 

Overall, 14 subjects (7 statin, 7 placebo) had HIV-1 RNA >50 copies/mL at week 48. 

Neither baseline nor 48-week change in HIV-1 RNA or CD4+ lymphocyte counts differed 

between the groups.

Changes in BMD—Overall, changes in BMD from baseline to week 48 were modest, with 

significant relative gains in the statin arm in total hip BMD (0.6% [0.0, 1.1%]) and 

trochanter BMD (mean 0.9% [95% CI: 0.0, 1.7%]) and losses in the placebo arm in total hip 

BMD (0.6% [-1.3, 0.2%] and trochanter BMD (-0.7% [-1.8, 0.4%], Figures 1a and 1b. 

Compared to placebo, statin therapy was associated with a statistically significant increase in 

total hip and trochanter BMD (p<0.05). Lumbar spine BMD did not change significantly in 
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either study arm, and was not significantly different between the two arms (Figure 1c). The 

relationship between statin use and change in total hip BMD was robust to adjustment for 

bone-related covariates of age, gender, race, and smoking status (p=0.02).

Multivariate models were created to further explore the relationship between statin use and 

relative change in total hip BMD. The estimated difference in hip BMD with assignment to 

statin was 0.92% (0.15, 1.68%; p=0.019) in a model including age, race, gender, and 

smoking status. For additional models, we included age, race, gender, and smoking status, 

and then introduced a single additional variable. The estimated difference in hip BMD with 

statin use did not change significantly when including either family history of hip fracture; 

use of tenofovir; duration of protease inhibitor; HIV-1 RNA; current or nadir CD4+ 

lymphocyte count; baseline or 48 week relative change in trunk or limb fat, or total lean 

mass. The estimated difference in relative hip BMD change with statin use was weakened by 

inclusion of the 48 week change in BMI (estimate 0.87% [0.12, 1.6%]; p=0.02).

Because of the potential effect of inflammation on BMD changes, we then explored the 

addition of baseline or the week 48 change in inflammatory and activation markers on the 

relationship between statin use and hip BMD. The week 48 changes in these markers in 

SATURN-HIV have recently been reported [14]. Briefly, significantly larger reductions in 

lymphocyte activation, sCD14, and Lp-PLA2 were observed with statin use. In multivariate 

models including age, race, gender, and smoking status, we introduced separately each 

marker of interest to determine the impact on change in hip BMD. The estimated change in 

BMD with statin use was strengthened only by inclusion of baseline (estimate 0.96% [0.22, 

1.7]; p=0.01) and week 48 change in sTNFR-1 (estimate 1.0% [0.25, 1.79%]; p=0.009).

Changes in Fat Mass—Modest and not statistically significant relative increases in total 

body fat (5.5% [-0.9, 11.9]; p=0.093), trunk fat (6.1% [−1.3, 13.6&; p=0.11), and limb fat 

(5.3%; [-0.4, 11.0]; p=0.070) were seen in the statin arm from week 0 to 48; these changes 

were not significantly different than placebo (p ≥ 0.58).

Changes in Lean Mass—In the statin arm, total lean mass increased 0.8% (p=0.10), leg 

lean mass 1.5% (p=0.013), and arm lean mass was unchanged (p=1.0). Differences between 

statin and placebo arms in relative lean mass change were not significant at any location (all 

p>0.23), Figure 2a-c. CPK increased by 17.2% ([2.5, 31.9%]; p=0.02) in the statin arm, 

compared to 16.2% ([1.5, 30.9%]; p=0.03) in the placebo arm; between group differences 

were not significant (p=0.93).

Discussion

Statins are potent cholesterol lowering drugs recognized for the additional anti-inflammatory 

mechanisms. Here, we present the first randomized intervention of statin therapy to assess 

the impact on changes in BMD, fat, and lean mass among effectively treated, HIV-infected 

adults with normal LDL cholesterol and increased levels of inflammation or immune 

activation. In comparison to the 0.6% increase in hip BMD observed in the statin arm of our 

study, a previously completed randomized trial of HIV-infected participants on stable ART 

randomized to alendronate or placebo (both arms receiving calcium carbonate 500 mg and 
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vitamin D 200 IU tablets twice daily) demonstrated total hip BMD increases of 3.95% and 

1.31%, respectively [15]. Although the small but significant improvement in total hip and 

trochanter BMD after 48 weeks of statin therapy does not provide support the use of statins 

as a primary treatment for low BMD, our findings do support a beneficial effect of statins on 

BMD when used for reduction of cardiovascular events. The improvement in hip BMD was 

independently associated with baseline and 48 week change in sTNFR-1, suggesting 

possible mechanistic pathways for the role of statins on BMD in HIV infection.

Prior data from in vitro or in vivo animal models provide evidence that statins impact bone 

through several distinct pathways. First, statins promote osteogenesis through the depletion 

of cellular cholesterol, which stimulates the Ras pathway and increases expression of bone 

morphogenetic protein (BMP)-2, an essential component of osteoblast differentiation 

[16-18]. Thus, in the current study, although decrease in LDL was not associated with 

change in BMD, change in other unmeasured cholesterol products may have further 

stimulated bone formation. Statins also have a direct effect on bone, suppress 

osteoclastogenesis through inhibition of osteoclasts [19, 20], and increase osteoprotegerin 

(OPG) mRNA and decrease receptor activator of nuclear factor kappa-B ligand (RANKL) 

mRNA expression [21]. The RANKL/OPG pathways are tightly interwoven with 

inflammatory markers including sTNFR-1 [22, 23].

In HIV-uninfected populations, the data supporting a clinically meaningful effect of statins 

on BMD are discordant and, similar to our findings, of a modest magnitude. A meta-analysis 

including five case-control, six cohort, and four randomized controlled trials (nearly 35,000 

subjects) found small but significant increases in weighted mean changes of total hip, 

femoral neck, and lumbar spine BMD in statin users compared to placebo or control [24]. 

Another meta-analysis of eight observational studies found a protective effect of statins on 

risk of fracture [25]. Similar to our findings of a differential effect on total hip and 

trochanter BMD, these analyses in HIV-uninfected populations demonstrated a greater 

improvement in BMD at the hip and a greater protective effect for hip fracture in 

comparison to other sites, suggesting the possibility that statins have site-specific effects on 

fracture risk [24, 25]. In contrast, statin use was not associated with significant differences in 

BMD or fractures among 93,716 participants (7,846 statin-users) in the Women's Health 

Initiative Study [26]. Statins did not reduce fractures among HIV-infected statin-users 

compared to those not taking statins in a large observational cohort with 15,135 person-

years of follow-up [6]. The present study is the first to study statin effect on BMD in a 

randomized trial in an HIV-infected population. Because of the heightened inflammatory 

state associated with HIV, it is conceivable that statins may have an accentuated beneficial 

effect in this population. Thus, larger and longer studies are needed to assess the effect of 

statin on fracture risk in the aging HIV population.

The role of statins on body fat in HIV was initially reported from a placebo controlled study 

of pravastatin where a significant increase in total, limb and subcutaneous fat was seen in 

subjects randomized to pravastatin versus placebo [7]. A subsequent randomized study 

failed to find changes in limb, trunk, subcutaneous or visceral fat with pravastatin [27]. In a 

large HIV-infected cohort, a greater increase in hip circumference was seen among statin-

users compared to non-statin users, with a greater increase in thigh circumference in statin-
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users also taking thymidine analogues [8]. The differing results in our study may be 

explained by the indication for statin therapy (hyperlipidemia versus heightened 

inflammation), extensive prior thymidine analogue use in prior studies, differences in 

lipoatrophy, or differential statin effects. For example, pravastatin but not rosuvastatin led to 

a significant increase in the anti-atherogenic cytokine, adiponectin, in HIV-uninfected adults 

with coronary artery disease [28]. Similarly, switching from chronic simvastatin to 

pravastatin in HIV-uninfected adults led to a significant increase in adiponectin and decrease 

in CRP without a change in cholesterol [29]. Lastly, we cannot exclude differences in fat 

content within bone. Age-related bone loss is associated with increased marrow fat, and in 

vitro data demonstrates that the addition of pravastatin to protease inhibitor-treated 

mesenchymal stem cells improves cell proliferation and restores osteoblastic potential [30].

As with any therapy, adverse events do occur. Statin use is infrequently associated with 

myopathy, characterized by elevated CPK. Statin therapy has also been associated with 

subjective myalgias and evidence of myopathy on biopsy, without CPK elevation [31]. In 

the current study, myalgias were uncommon in both study arms, with similar CPK changes 

between study arms. Interestingly, we also detected a significant gain in leg, but not arm or 

total lean mass within the statin arm, although the change was not significantly different 

from that in the placebo arm. The effects of statins on lean mass in older adults without HIV 

vary considerably by study. In observational cohort studies, declines in strength [32] and 

lean mass [32, 33] are seen among statin-users. A randomized, placebo-controlled trial of 

high-dose atorvastatin in older adults found a higher rate of muscle complaints but no 

objective change in strength or performance [34, 35]. In other studies, statin use improved 

lower-extremity blood flow [36], was associated with better lower-extremity muscle 

function [37] and slower decline in lower-extremity function [38, 39]. Furthermore, among 

older adults started on resistance exercise, statin-users had a greater gain in total lean mass 

than non-statin-users [9].

The primary strength of this study is the double-blinded, randomized assignment to statin 

therapy, eliminating the prescribing bias found in observational studies of statins. 

Furthermore, the study is of adequate duration to observe changes in BMD and is relatively 

large, allowing for adjustment of underlying confounders and consideration of possible 

mediators.

The study is not without limitations. The majority of subjects were less than 50 years of age, 

male, African American, and with normal LDL cholesterol. Thus, the results are not 

necessarily generalizable to other populations. Furthermore, the study is specific for effects 

of rosuvastatin and results may not be generalizable to other statins. Our subjects had 

relatively normal BMD and were on stable ART. Statins may have had a greater impact on 

persons with osteoporosis or a greater attenuating effect on the BMD decline seen with ART 

initiation. Although 48 weeks is adequate for detecting significant changes in BMD, statins 

are often continued for several years, thus the long-term benefits or consequences should be 

confirmed in longitudinal studies. Lastly, we did not include measures of muscle strength or 

performance. These changes are often detected before changes in lean mass, thus we may 

have been able to detect differences between study arms in muscle function. Of note, both 

study arms reported a marked increase in self-reported physical activity over 48 weeks 
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(statin arm: 83.7% [-2.7, 170.2% ]; p=0.06; placebo arm: 83.3% [31.5, 135.0%]; p=0.002), 

without significant differences between arms (p=0.19). These findings suggest that clinically 

significant differences in function between study arms were unlikely.

In conclusion, randomized assignment to rosuvastatin resulted in small but significant 

improvements in total hip BMD compared to placebo, which was independently associated 

with changes in sTNFR-1, but not other inflammation or activation markers, and 

independent of traditional bone risk factors. Although these modest improvements would 

not merit treatment of low BMD with statins, our findings provide evidence that statins may 

have additional benefits in HIV-infected persons beyond the reduction in cardiovascular 

risk. Longer term follow-up is planned for an additional 48 weeks to verify the safety and 

efficacy of rosuvastatin in measures of BMD, fat, and lean mass.
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Figure 1. 
Regional changes in bone mineral density (BMD) by study arm, with total hip BMD (1a), 

trochanteric BMD (1b), and lumbar spine (1c). Changes in the rosuvastatin arm are shown in 

red and changes in the placebo arm are shown in blue. Within group relative changes and p 

values are indicated on the slope line in the respective color. P values for the comparison 

between study arms is provided in black font and indicated by the bracket.
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Figure 2. 
Changes in lean mass by study arm. Changes in the rosuvastatin arm are shown in red and 

changes in the placebo arm are shown in blue. Within group relative changes and p values 

are indicated on the slope line in the respective color. P values for the comparison between 

study arms is provided in black font and indicated by the bracket.
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Table 1
Baseline Characteristics of the Study Population

Characteristic Statin (n=72) Placebo (n=75)

Age (years) 45.6 (41.1-51.4) 46.9 (39.2-53.6)

Male 58 (81) 57 (76)

African American 51 (71) 52 (69)

Current smoker 43 (60) 54 (72)

Body mass index (kg/m2) 26.6 (23.4-30.0) 27.2 (23.5-30.5)

Family history hip fracture 6 (8) 12 (16)

Hepatitis C 5 (7) 7 (9)

CD4+ lymphocyte count (cells/μL) 608 (440-848) 627 (398-853)

Nadir CD4+ T-cell count (cells/μL) 173 (84-312) 190 (89-281)

HIV-1 RNA <50 copies/mL 56 (78) 58 (77)

Antiretroviral therapy duration (months) 63 (37-119) 71 (39-116)

Current protease inhibitor-containing regimen 36 (50) 36 (48)

Current tenofovir-containing regimen 64 (89) 66 (88)

Total hip osteopenia or osteoporosis 18 (25) 17 (22)

Lumbar spine osteopenia or osteoporosis 19 (26) 13 (17)

Values presented as median (25th, 75th percentile) or number (%).

AIDS. Author manuscript; available in PMC 2016 January 14.


