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Background. 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase inhibitors (statins) exhibit antiviral activity

against human immunodeficiency virus type 1 (HIV-1) in vitro and may modulate the immune response to HIV

infection. Studies evaluating the antiviral activity of statins have yielded conflicting results.

Methods. We conducted a randomized, double-blind, placebo-controlled crossover trial to investigate the effect of

atorvastatin on HIV-1 RNA (primary objective) and cellular markers of immune activation (secondary objective).

HIV-infected individuals not receiving antiretroviral therapy were randomized to receive either 8 weeks of atorvastatin

(80 mg) or placebo daily. After a 4–6 week washout phase, participants switched treatment assignments. The study had

80% power to detect a 0.3 log10 decrease in HIV-1 RNA level. Expression of CD38 and HLA-DR on CD41 and CD81

T cells was used to measure immune activation.

Results. Of 24 randomized participants, 22 completed the study. Although HIV-1 RNA level was unaffected by the

intervention (–0.13 log10 copies/mL; P5 .85), atorvastatin use resulted in reductions in circulating proportions of CD41

HLA-DR1 (–2.5%; P5 .02), CD81 HLA-DR1 (–5%; P5 .006), and CD81 HLA-DR1 CD381 T cells (–3%; P5 .03).

Reductions in immune activation did not correlate with declines in serum levels of low-density lipoprotein cholesterol.

Conclusions. Short-term use of atorvastatin was associated with modest but statistically significant reductions in

the proportion of activated T lymphocytes.

Antiretroviral therapy (ART) has transformed our

clinical approach to human immunodeficiency virus

(HIV) infection. Despite substantial advances in the

management of HIV infection, concerns about trans-

mitted drug resistance, ART-related toxic effects, and

the consequences of chronic inflammation persist, em-

phasizing the need for ongoing research into alternate

therapeutic targets and strategies to modulate the

chronic immune activation/inflammation observed in

this disease [1–3]. Strategies that block key interactions

between the host and the virus, including those that
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target lipid rafts, are an area of interest. Lipid rafts are plasma

membrane microdomains rich in sphingolipids and cholesterol

that play a critical role in the replication of HIV type 1 (HIV-1)

[4, 5]. In vitro models suggest that disruption of lipid rafts with

cholesterol-depleting agents, such as 3-hydroxy-3-methyl-glu-

taryl-coenzyme A (HMG-CoA) reductase inhibitors (statins),

reduces HIV-1 particle production [5]. Furthermore, virions

derived from cholesterol-depleted cells demonstrate reduced

infectivity in vitro [5]. In addition, statins have demonstrated

effects on protein prenylation and inhibit lymphocyte function

antigen-1 (LFA-1) and intercellular adhesion molecule-1

(ICAM-1) interactions that influence viral entry and exit [5–9].

Statins exhibit anti-inflammatory effects [10] and may modify

HIV pathogenesis by means of direct antiviral and indirect

anti-inflammatory mechanisms.

To date, 4 prospective studies and 1 retrospective study have

examined the effects of statins on HIV-1 RNA levels and have

yielded conflicting results [6, 11–14]. Most studies have not

included a comparator arm, and none were designed to in-

vestigate both virologic and cellular immune activation out-

comes. We therefore conducted a double-blind, randomized,

placebo-controlled crossover clinical trial with the primary ob-

jective of evaluating the effects of atorvastatin on HIV-1 RNA.

Prespecified secondary objectives included a comprehensive

evaluation of the effect of atorvastatin on cellular markers of

immune activation.

METHODS

Study Population
HIV-infected adults not receiving antiretroviral therapy (ART)

with a CD41 cell count .350 cells/lL, HIV-1 RNA .1000

copies/mL, serum low-density lipoprotein (LDL) cholesterol

level ,130 mg/dL, and serum alanine aminotransferase and

aspartate aminotransferase levels ,1.5 times the upper limit of

normal were eligible to participate. To increase the precision of

the baseline HIV-1 RNA, we required 3 baseline HIV-1 RNA

measures that did not demonstrate substantial variation (,20%

variation among the 3 baseline measures). Participants with

known resistance to antiretroviral agents (on the basis of prior

genotypes or a history of ongoing viremia while receiving ART)

were excluded because of concerns that prior nonadherence may

have resulted in sequence variations in the gag P6 region, po-

tentially interfering with the effects of statins [15]. Additional

exclusion criteria included pregnancy, a history of myositis, the

receipt of lipid-lowering agents at the baseline visit, or use of

therapeutic agents known to have substantial drug-drug inter-

actions with statins. All participants were recruited at 1 of 3

sites: the National Naval Medical Center (NNMC), Bethesda,

Maryland; the Naval Medical Center San Diego (NMCSD), San

Diego, California; and the National Institutes of Health, Clinical

Center, Bethesda, Maryland. The protocol was approved by the

institutional review boards of the NNMC, the NMCSD, and the

National Institute of Allergy and Infectious Diseases prior to its

execution and was registered with the Clinical Trials network

(registration ID, NCT00367458). All participants provided

written informed consent before participating in the study.

Study Design
Previous in vitro studies revealed that substantial statin-

induced decreases in cholesterol resulted in declines in HIV-1

production [5]. We therefore chose the highest Food and Drug

Administration–approved dose of atorvastatin (80 mg daily) for

maximal potential effect on lipid lowering. Using a crossover

design, HIV-1 infected adults were enrolled and randomized in

a double-blind fashion to receive either 8 weeks of an 80mg dose

of atorvastatin or placebo daily (phase A). Upon completion of

phase A, participants underwent a 4–6 week washout phase,

subsequently switching treatment assignments to complete an

additional 8 weeks (phase B) in the opposite assignment. The

duration of the washout phase ranged from 4 to 6 weeks to

accommodate study windows and to allow for seasonal

influenza vaccination. Study follow-up ended 4 weeks after

completion of both phases.

Randomization and Blinding
Both placebo and drug were identical in appearance, and

the assignment of the drug and placebo sequences was com-

pleted by a pharmacist who was not involved with the clinical

conduct of the study. Study investigators remained blinded

to lipid profile data until after completion of the study; in-

stead, these results were reviewed in real time by independent

medical monitors who ensured patient safety and protocol

adherence.

Laboratory Methods
The HIV-1 RNA was quantitated in plasma by means of

bDNA signal amplification–based hybridization (Siemens), and

cellular markers of immune activation were analyzed at a single

location (Science Applications International Corporation) to

ensure consistency and to avoid operator-related variability

[16]. Per protocol safety labs were performed at the individuals

institutions and not centrally.

We used HLA-DR, CD38, and coexpression of CD38 and

HLA-DR to identify activated CD41 and CD81 T cells. Im-

munophenotyping of peripheral blood drawn into ethyl-

enediaminetetracetate was performed according to the

manufacturer’s instructions, by using a modification of the

Centers for Disease Control and Prevention guidelines in a

Clinical Laboratory Improvement Act–certified laboratory. Cells

were lysed after staining with Optilyse C (Beckman Coulter),

washed twice, and resuspended in 500 lL of phosphate-buffered
saline (Cambrex). Samples were analyzed immediately on

a Becton Dickinson FacsCanto flow cytometer (BD Biosciences).
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Gating on CD31 CD41 or CD31 CD81 cells was used to deter-

mine the expression of the HLA-DR1, CD381, and HLA-DR1

CD381 cells.

Statistical Methods
The a priori calculated sample size for this study (n5 22) had 80%

power to detect a 0.3 log10 decrease in HIV-1 RNA level and 90%

power to detect a 0.4 log10 decrease in HIV-1 RNA level. We

assessed changes in HIV-1 RNA levels, CD41 cell counts, markers

of immune activation, and serum lipid levels after 8 weeks of

treatment, comparing them with those measured at the start of

treatment during both phases of the study. To assess the effects of

treatment, we calculated the difference in changes, for all pa-

rameters, for each person using the formula (XFS – XIS) – (XFP –

XIP), where X is the measure of the outcome (eg, CD41 cell

count) at either the initial visit (I) (week 0) or the final visit (F)

(week 8), while the participant was receiving either atorvastatin

(S) or placebo (P). We tested the hypothesis that the median

differences of these changes were zero using a paired Wilcoxon

test. To adjust for themultiplicity of secondary objectives, we used

a P value of,.01 to define significance [17]. The Spearman rank

correlation was used to examine the associations between changes

in cholesterol level, HIV-1 RNA level, and immune parameters;

this test was used because it is robust to outliers. All analyses were

performed using S-PLUS software, version 2.0 (Tibco).

RESULTS

Baseline Characteristics
We screened 34 HIV-infected persons and randomized 24 par-

ticipants; 2 enrolled participants were withdrawn prior to study

completion when they met prespecified termination criteria of

a serum LDL cholesterol level of,40 mg/dL, chosen because of

concerns regarding effects of intense lipid reduction [18].

Twenty-two participants completed the study. Table 1 describes

the characteristics of the study participants at enrollment

(baseline). Participants enrolled in this study were all male,

relatively young (median age, 30 years [interquartile range

{IQR}, 25–38 years]), and otherwise healthy. Self-reported eth-

nicity was Caucasian in 63%, African-American in 25%, and

other in 13% of participants. The median baseline HIV-1 RNA

level was 3.89 log10 copies/mL (IQR, 3.58–4.21 log10 copies/mL),

and the median CD41 count was 568 cells/lL (IQR, 468–664

cells/lL). On average, participants had received a diagnosis of

HIV infection 1.2 years prior to enrollment (IQR, 0.7–2.9 years).

The median nadir CD41 cell count prior to randomization was

458 cells/lL (IQR, 362–601 cells/lL). A majority of the partic-

ipants were ART naive (91%). The median serum total and LDL

cholesterol levels at the baseline visit were 168mg/dL (IQR, 144–

172 mg/dL) and 97 mg/dL (IQR, 87–109 mg/dL), respectively.

The median proportions of CD41 and CD81 T cells coex-

pressing the surface markers HLA-DR and CD38 at the baseline

visit were 8% (IQR, 6%–14%) and 44% (IQR, 34%–56%), re-

spectively, and were higher than those typically detected in HIV-

uninfected individuals [19].

No Effect of Short-Term High-Dose Atorvastatin Therapy on
Level of HIV-1 RNA
To investigate the effects of statins on HIV-1 RNA levels, we

compared levels during the statin and placebo phases, both for

individual patients and for aggregate groups. During the statin

phase of the study, the median change in HIV-1 RNA level was

–0.03 log10 copies/mL (IQR, –0.35 to 0.04 log10 copies/mL),

compared with –0.08 log10 copies/mL (IQR, –0.25 to 0.09 log10
copies/mL) during the placebo phase (Table 2). A washout pe-

riod was used between phases, and an additional statistical test

to assess drug carryover revealed no differential effect by period.

Overall, atorvastatin use did not result in a statistically signifi-

cant change in HIV-1 RNA levels, compared with placebo

Table 1. Baseline Demographic, Immunologic, and Virologic
Characteristics of Participants Completing Both Phases of the
Study

Characteristic Value (n 5 22)

Demographic characteristics

Age, median years (IQR) 30 (25–38)

Race, no. (%)

African-American 6 (25)

Caucasian 15 (63)

Other 3 (13)

Hispanic ethnicity, no. (%) 5 (21)

Male sex, no. (%) 22 (100)

HIV-specific variables

Duration of infection,
median years (IQR)

1.2 (0.7–2.9)

Nadir CD41 T cell count (cells/lL) 458 (362–601)

ART naive, no. (%) 20 (91%)

Baseline virologic
characteristics, copies/mL

log10 HIV-1 RNA level 3.89 (3.58–4.21)

Baseline immunologic
characteristics, median cells/lL (IQR)

Absolute CD41 T cell count 568 (468–664)

Absolute CD81 T cell count 829 (606–1137)

Immune activation
parameters (cells/lL), %

CD41 HLA DR1 13 (9–17)

CD41 CD381 69 (65–72)

CD41 CD381 HLA DR1 8 (6–14)

CD81 HLA DR1 48 (42–61)

CD81 CD381 72 (67–81)

CD81 CD381 HLA DR1 44 (34–56)

Serum lipid levels, mg/dL

Total cholesterol 168 (144–172)

LDL cholesterol 97 (87–109)

NOTE. ART, antiretroviral therapy; HIV, human immunodeficiency virus;

IQR, interquartile range; LDL, low-density lipoprotein.
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(–0.13 log10 copies/mL; P 5 .85) (Table 2). Interindividual

variations in treatment response were observed. While receiving

atorvastatin, 7 participants (32%) exhibited a.0.3 log10 copies/mL

decline (range, –0.34 to –0.63 log10 copies/mL) in HIV-1 RNA,

3 participants (14%) had a .0.3 log10 copies/mL increase in

HIV-1 RNA (range, 0.31–0.87 log10 copies/mL), and the rest

exhibited no significant change. While receiving placebo, 4

participants (18%) exhibited a.0.3 log10 copies/mL decline in

HIV-1 RNA (range, –0.39 to –1.01 log10 copies/mL), and 2

participants (9%) had an increase in HIV-1 RNA (range, 0.46–

0.93 log10 copies/mL). There were no significant differences

between the 2 phases in the proportions of individuals ex-

hibiting a 0.3 log10 copies/mL decline in HIV-1 RNA level.

On average, pill counts conducted during study visits revealed

that .90% of study medications were taken by participants.

Evaluation of serum lipid levels revealed significant reductions,

corroborating the adherence data collected.

Short-Term Atorvastatin Therapy Decreased Cellular Markers of
Immune Activation
We evaluated the effects of statin administration on cellular

markers of activation by comparing T cell subsets during the

statin and placebo phases. As shown in Table 2, atorvastatin use

was not associated with significant changes in either the absolute

numbers of CD41 (median change, 137.5 cells/lL; P 5 .31) or

CD81 T lymphocytes (median change, –51.5 cells/lL; P 5 .57),

in comparison with placebo. Atorvastatin use did, however,

result in significant declines in the proportion of HLA-DR1

CD81 T cells (median change, –5.0%; P5 .006) and resulted in

marginal reduction in the proportion of HLA-DR1 CD41

T cells (median change, –2.5%; P5 .02) and HLA-DR1 CD381

CD81 T cells (median change, –3%; P 5 .03). After 8 weeks of

treatment with atorvastatin, a majority of the participants (14

[64%]) exhibited declines in the proportion of HLA-DR1 CD81

T cells. In comparison, treatment with placebo resulted in

declines in the proportion of HLA-DR1 CD81 T cells in 8

participants (36%) (Figure 1). Atorvastatin use was associated

with marginal declines in the numbers of proliferating CD41

T lymphocytes as measured by Ki-67 expression (median

change, –1%; P5 .03); proliferation in the CD81 compartment

was unaffected (median change, –1.2%; P5 .19). We compared

the proportions of HLA-DR1 CD81 T cells prior to atorvastatin

initiation with levels after completion of washout among

participants who received atorvastatin first followed by placebo,

and a difference was not observed (P 5 .72). We conducted the

Table 2. Comparison of Changes in Viral Load, Serum Lipid Levels, and Cellular Markers of Activation during the Statin and Placebo
Phases of the Study

Parameter,

serum level

Change during statin phase,

median (IQR)

Change during placebo phase,

median (IQR)

Treatment effect

(change),amedian (IQR)

Pb

HIV-1 RNA, log10 copies/mL –0.03 (–0.35 to 0.04) –0.08 (–0.25 to 0.09) –0.13 (–0.27 to 0.21) .85

CD41 cell count 26 (2–71.5) 43 (–58.0 to 92.5) 37.5 (–49.25 to 121.8) .31

CD81 cell count –18 (–179.5 to 124.30) 22 (–80 to 126) –51.5 (–200.3 to 167.8) .57

CD41 HLA-DR1, cells/lL, % –2.0 (–4.0 to –0.25) 0.0 (–1.75 to 1.0) –2.5 (–3.75 to 0) .02

CD41 HLA-DR1 CD381, cells/lL, % –1.0 (–2.75 to 0.0) 0.0 (–1.0 to 1.0) –0.5 (–3 to 0.75) .15

CD41 CD381, cells/lL, % 1.0 (–3.5 to 3.75) –0.5 (–4.0 to 2.75) 2.5 (0–6) .20

CD81 HLA-DR1, cells/lL, % –2.5 (–7.5 to 0.0) 0.0 (–2.0 to 3.0) –5 (–8.75 to 0) .006

CD81 HLA-DR1 CD381, cells/lL, % –1.0 (–5.5 to 0.75) 1.0 (–2.75 to 1.75) –3 (-–6 to 0.5) .03

CD81 CD381, cells/lL, % 1.0 (–5.75 to 3.0) 0.0 (–3.0 to 2.0) –0.5 (–4 to 5) .97

Total cholesterol, mg/dL –60 (–69 to –50) 5.5 (–3.75 to 12.0) –65 (–82 to –19) ,.001

LDL cholesterol, mg/dL –52 (–59 to –32) 7 (–6.25 to 12.75) –54 (–69 to –10) ,.001

NOTE. a To calculate treatment effect, we formed the difference in changes, for all parameters, for each person using the formula (XFS – XIS) – (XFP – XIP),

where X is the measure of the outcome (eg, CD41 cell count) at either the initial visit (I) (week 0) or the final visit (F) (week 8), while the participant was receiving

either atorvastatin (S) or placebo (P). The paired Wilcoxon test was used to test the hypothesis that the median differences of the changes were zero.
b A P value of ,.01 was considered to indicate a significant difference.

Figure 1. Decreases in CD81 HLA-DR1 T lymphocytes during
atorvastatin therapy. Each square and triangle represents changes
in the proportion of circulating CD81 HLA-DR1 T cells in an individual
patient (week 8 – week 0) during the atorvastatin and placebo phases
of the study, respectively, while the line represents the median change
for the group. Response to atorvastatin was heterogeneous, with most
participants (15 of 22) exhibiting a decline. In comparison, participants
receiving placebo demonstrate a clustering around the median.
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same analysis in all participants, irrespective of their randomi-

zation sequence (atorvastatin followed by placebo or placebo

followed by atorvastatin), and observed no significant difference

(P 5 .28), suggesting that there was no residual effect on

immune activation parameters 4–6 weeks after completion of

atorvastatin therapy.

Reductions in Activated T Cells Correlate with Reductions in
HIV-1 RNA
Although an overall effect on HIV-1 RNA levels was not

observed, atorvastatin use resulted in statistically significant

reductions in the proportion of HLA DR1 CD81 T cells.

Because cellular immune activation may have an effect on viral

RNA levels, [20] we investigated whether there were correlations

between the changes in HLA DR1 CD81 T cells and changes in

HIV-1 RNA. Despite the absence of an overall effect on HIV-1

RNA, a correlation was observed between the difference of

changes in the proportion of HLA-DR1 CD81 T cells and

the difference of changes in HIV-1 RNA (q 5 .49; P 5 .03)

(Figure 2A). Examinations of the changes by phase revealed

a marginal correlation while participants were receiving ator-

vastatin (q5 .41; P5 .06) and the absence of a correlation while

they were receiving placebo (q 5 .19; P 5 .39). (Figures 2B

and 2C).

Reductions in Serum LDL Cholesterol Seem not to Correlate with
Observed Reductions in Proportion of Activated T Cells and
HIV-1 RNA
After completion of 8 weeks of treatment with atorvastatin, the

median changes in serum total and LDL cholesterol levels

were –60 mg/dL (IQR, –69 to –50 mg/dL) and –52 mg/dL

(IQR, –59 to –32 mg/dL), respectively. In comparison, after

8 weeks of treatment with placebo, the median total and

LDL cholesterol levels increased by 5.5 mg/dL (IQR, –3.75 to

12.0 mg/dL) and 7 mg/dL (IQR, –6.25 to 12.75 mg/dL), re-

spectively. Among participants who received atorvastatin first

followed by placebo, comparison of serum lipid levels before

atorvastatin and after washout revealed no significant differences

in serum levels of LDL cholesterol (P 5 .86), total cholesterol

(P . .99), and high-density lipoprotein cholesterol (P 5 .77).

We investigated whether the relative effects of statins on lipid

parameters were associated with relative changes in immune

Figure 2. Correlation between the changes in plasma human
immunodeficiency virus type 1 (HIV-1) RNA levels and change in the
proportion of circulating CD81 HLA-DR1 cells. Changes in panel A reflect
the difference of the changes (week 8 – week 0) during the statin phase
and (week 8 – week 0) during the placebo phase. Change was calculated
for both HIV-1 RNA and proportion of CD81 HLA-DR1 T cells using the
formula (XFS – XIS) – (XFP – XIP), where X is the measure of the outcome
(ie, percentage of CD81 HLA-DR1 T cells or HIV-1 RNA level) at either the
initial visit (I) (week 0) or the final visit (F) (week 8), while the participant
was receiving either atorvastatin (S) or placebo (P). P values are
calculated using the Spearman rank correlation. B, Correlation between

the changes in plasma HIV-1 RNA levels and change in the proportion of
circulating CD81 HLA-DR1 cells (analysis restricted to the statin phase).
Changes in Panel B reflect changes restricted to the atorvastatin (week 8
– week 0) phase of the study. P values are calculated using the Spearman
rank correlation. C, Correlation between the changes in plasma HIV-1
RNA levels and change in the proportion of circulating CD81 HLA-DR1

cells. Changes in Panel C reflect changes restricted to the placebo
(week 8 – week 0) phase of the study. P values are calculated using the
Spearman rank correlation.
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activation or viral RNA levels. As shown in Figures 3A and 3B,

there was no association between the reductions in serum LDL

cholesterol level and viral RNA or proportions of CD81 HLA-

DR1 T lymphocytes.

Safety and Tolerability
Atorvastatin at 80 mg daily was well tolerated. No grade 3 or 4

elevations in liver-associated enzymes were observed during the

study. Three participants had grade 3 elevations in creatinine

phosphokinase (CPK) levels. All 3 participants reported myal-

gias and noted a temporal increase in their physical exercise

regimens. Cessation of their altered exercise schedule, without

discontinuing treatment assignments, resulted in resolution of

the CPK elevations and symptoms.

DISCUSSION

Statin compounds exhibit anti-inflammatory and antiviral ef-

fects in vitro and therefore represent an attractive potential

therapy for HIV-infected patients [5, 6, 8–10]. Prior in vivo

studies evaluating the effects of statins on HIV-1 RNA levels

have yielded conflicting results. In a single nonrandomized

study, HIV-infected participants exhibited a significant decline

with lovastatin therapy [6]. However, other prospective studies

that evaluated pravastatin, simvastatin, and atorvastatin failed to

demonstrate an effect on HIV-1 RNA [11, 12, 14]. The ability to

discern a difference in HIV-1 RNA level after treatment with

a statin in these studies may have been limited by the small

sample size, as well as the nonrandomized, open-label, and

observational nature of most of these studies. We therefore

undertook a study to evaluate the effects of atorvastatin on

HIV-1 RNA and its effects on cellular markers of activation.

Our study used a rigorous double-blind study design and was

adequately powered to reveal a 0.3 log10 difference in HIV-1

RNA levels with use of atorvastatin; no consistent inhibitory

effect on viremia was observed. Ongoing studies of host and

viral factors may reveal possible sources for the heterogeneity of

response to atorvastatin observed in our study. Nevertheless, our

observations with statin therapy suggest that consistent and

potent inhibition of late steps in virus replication will require

more specific targeting.

It is unlikely that the choice of atorvastatin rather than lova-

statin influenced the results of our study. Lovastatin is the only

statin compound with demonstrated effects on HIV-1 RNA both

in vivo and in vitro. Although the in vitro effects of lovastatin are

mediated through several different mechanisms, including the

inhibition of LFA-1 and ICAM-1 interactions, a property unique

to lovastatin, the antiviral effects of lovastatin in vivo have been

primarily attributed to the compound’s effects on protein pre-

nylation [6, 8, 21]. Atorvastatin was chosen for this study be-

cause it is a potent inhibitor of HMG-CoA reductase, with

demonstrated effects on protein prenylation [22, 23].

Figure 3. A, Correlation between change in plasma human immuno-
deficiency virus type 1 (HIV-1) RNA levels and change in serum low-
density liproprotein (LDL) cholesterol levels. Change in Panel A reflects
the difference of the changes during the atorvastatin phase and those
during the placebo phase. Change was calculated for both HIV-1 RNA and
serum LDL cholesterol levels using the formula (XFS – XIS) – (XFP – XIP),
where X is the measure of the outcome (ie, LDL cholesterol or HIV-1 RNA
level) at either the initial visit (I) (week 0) or the final visit (F) (week 8),
while the participant was receiving either atorvastatin (S) or placebo (P).
P values are calculated using Spearman rank correlation. B, Correlation
between the changes in the proportion of circulating CD81 HLA-DR1

cells and change in serum LDL cholesterol level. Change in this panel
reflects the difference of the changes during the atorvastatin phase and
the placebo phase. Change was calculated for both serum LDL cholesterol
and proportion of CD81 HLA-DR1 T cells using the formula (XFS – XIS) –
(XFP – XIP), where X is the measure of the outcome (ie, CD81 HLA-DR1

T cells or serum LDL cholesterol level) at either the initial visit (I) (week 0)
or the final visit (F) (week 8), while the participant was receiving either
atorvastatin (S) or placebo (P). P values are calculated using the Spearman
rank correlation.
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The pharmacokinetic properties of atorvastatin might in part

explain the observed discrepancy between the observed in vitro

effects and lack of in vivo effects [23, 24]. Following the ad-

ministration of an 80 mg dose of atorvastatin, maximum plasma

concentrations are 12.5 6 7.5 ng/mL [25]. In contrast, the

concentrations used in vitro to disrupt lipid rafts are higher and

in the micromolar range [5]. Extrapolation and direct com-

parisons of peak plasma levels and those used in vitro to disrupt

lipid rafts have limitations, especially given the presence of

metabolites (eg, 2 and 4 hydroxy atorvastatin) that retain similar

bioequivalency and contribute to nearly 70% of the inhibitory

activity observed [23, 24]. Nevertheless, the concentrations

achieved in vivo with an 80 mg dose of atorvastatin are probably

lower than those achieved in vitro and insufficient to consis-

tently result in the disruption of these integral plasma mem-

brane microdomains.

An additional limitation of our study is that we examined the

effects of atorvastatin in viremic individuals. Given the recog-

nized benefits of ART and the improved access to ART, it is

likely that in the future a majority of patients will receive ART.

Thus, studies designed to evaluate the adjunctive effects of sta-

tins in ART-treated individuals with viral suppression are likely

to have clinical relevance.

Several studies have emphasized the importance of immune

activation in the pathogenesis of HIV infection and its compli-

cations. Levels of inflammatory cytokines and cellular markers

of activation independently correlate with disease progression in

HIV-infected participants [26–29]. Chronic persistent immune

activation contributes to the observed CD4 depletion in both

untreated and successfully treated patients and plays a role in the

pathogenesis of non-AIDS–related complications, such as

chronic kidney and coronary artery disease (CAD) [19, 27,

30, 31]. Therefore, novel approaches designed to modulate the

chronic persistent immune activation observed in both ART-

treated and untreated individuals may be important. Because

statins influence the chronic inflammation/activation observed

in other disease states, we examined the effects of statins on

cellular markers of activation [10, 32, 33]. In our study, ator-

vastatin treatment resulted in modest reductions in the pro-

portion of HLA-DR1 CD81 T cells. The selective effects of

statins on major histocompatibility complex (MHC) class II

expression, observed in our study, are consistent with prior re-

sults [33]. Because MHC class II expression is required for an-

tigen presentation and T cell activation, our results suggest that

the use of atorvastatin may influence the chronic immune

activation observed in HIV-infected patients.

Statins influence multiple aspects of immune function, by

influencing endothelial activation, leukocyte adhesion, and

monocyte/macrophage and natural killer cell activation; statins

may modulate the innate arm of the immune system and

through their effects on T cell activation and regulatory T cell

function can influence the adaptive arm of the immune system

[33–40]. The clinical consequences of shifts in the immune pa-

rameters that we observed are not known; the immunopatho-

genesis of HIV involves a delicate and complex interplay

between the innate and adaptive arms of the immune system.

Additional large, adequately powered studies are necessary to

address this question directly and to distinguish potential im-

mune benefits from benefits of decreasing serum lipid levels.

We did not observe an overall effect on HIV-1 RNA levels;

however, the participants who exhibited the greatest reductions

in immune activation exhibited greater reductions in viremia.

One potential explanation for this observation could be that, in

some individuals, atorvastatin reduces the pool of activated

T cells sufficiently to result in reductions in HIV-1 RNA [20, 41].

Alternatively, atorvastatin might have altered the balance be-

tween pro- and anti-inflammatory cytokines, favoring an anti-

inflammatory milieu that favor reductions in viral replication

[42, 43]. Although random variation in HIV-1 RNA is a po-

tential explanation for this effect during the atorvastatin phase,

the presence of a biological effect of atorvastatin in selected

patients cannot be ruled out.

While a growing body of literature points to the im-

munomodulating effects of statins in HIV-uninfected patients

[10], to our knowledge, our study is the first to reveal statin-

induced changes in activated T cell subsets in HIV-infected

participants. Although similar, and sometimes greater, reduc-

tions in immune activation have been observed with other

agents [44–46], the safety and tolerability profile of the statin

group of compounds remains an advantage.

In our study, we did not observe a correlation between the

reductions in HLA-DR expression on CD81 T cells and the

degree of decline in serum lipid levels. Our observations suggest

that the effects on cellular activation are perhaps less dependent

on the extent of cholesterol depletion, but rather depend on the

nonlipid effect of statins. This is not entirely unexpected; anti-

inflammatory effects of statins have been observed as early as 3

days after initiation of statin therapy, at a time when maximal

benefits of lipid lowering would not be expected [47]. In fact,

among participants with underlying CAD and those at high risk

for CAD, the clinical benefits of statins extend beyond those

ascribed to their lipid lowering affects alone [48, 49]. The statin

group of compounds exert their immunomodulatory effects

through multiple lipid-independent mechanisms, such as

influencing protein prenylation and the functioning of the Rho

and Rac family of GTPases and altering MHC class II expression

and costimulatory molecule expression [32]. Larger and ap-

propriately powered studies that specifically examine effects of

lower doses of statins, that would not have a substantial effect on

lipid levels but may affect immune parameters, are needed to

evaluate this hypothesis.

In summary, although atorvastatin had no overall effect on

HIV-1 RNA levels in our study, its use resulted in significant

reductions in the proportion of activated CD81 T lymphocytes
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as evidenced by a decrease in the proportion of HLA-DR1,

CD81 T cells. Our pilot study was not designed to demonstrate

clinical benefit; large studies with longer durations of follow-up

that are designed to evaluate the potential effects of statins are

needed to investigate any clinical benefit of this drug for HIV-

infected patients. The availability of generic formulations and

the results of recent studies revealing a benefit to statin use in the

primary prevention of CAD, a common complication in HIV-

infected patients, make the continued study of statins as

disease-modifying agents in HIV-infected individuals partic-

ularly attractive [48].
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