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Context: HIV patients on antiretroviral therapy (ART) have a unique dyslipidemia [elevated trig-
lycerides and non-high-density lipoprotein-cholesterol (HDL-C) , low HDL-C] with insulin resistance
(characterized by hypoadiponectinemia).

Objective: Theaimwastotestatargeted, comprehensive,additiveapproachtotreatingthedyslipidemia.

Design and Setting: We conducted a randomized, double-blind, placebo-controlled, 24-wk trial of
lifestyle modification, fenofibrate, and niacin in multiethnic HIV clinics at an academic center.

Participants: Hypertriglyceridemic adult patients were stratified on three combinations of ART classes.
Subjects retained at the first measurement (2 wk) after entry were included in the analysis (n � 191).

Interventions: Subjects were randomized into five treatment groups: usual care (group 1); low-
saturated-fat diet and exercise (D/E; group 2); D/E � fenofibrate (group 3); D/E � niacin (group 4);
or D/E � fenofibrate � niacin (group 5).

Main Outcome Measures: We measured changes in fasting triglycerides, HDL-C, and non-HDL-C
(primary), and in insulin sensitivity, glycemia, adiponectin, C-reactive protein, energy expenditure,
and body composition (secondary). Data were analyzed as a factorial set of treatment combina-
tions using a mixed repeated measures model, last observation carried forward, and complete case
approaches (groups 2–5), and as an unstructured set of treatments (groups 1–5).

Results: Fenofibrate improved triglycerides (P � 0.002), total cholesterol (P � 0.02), and non-HDL-C
(P � 0.003), whereas niacin improved HDL-C (P � 0.03), and both drugs decreased the total cho-
lesterol-to-HDL-C ratio (P � 0.005–0.01). The combination of D/E, fenofibrate, and niacin provided
maximal benefit, markedly reducing triglycerides (�52% compared to usual care; P � 0.003),
increasing HDL-C (�12%; P � 0.001), and decreasing non-HDL-C (�18.5%; P � 0.003) and total
cholesterol-to-HDL-C ratio (�24.5%; P � 0.001). Niacin doubled adiponectin levels.

Conclusions: A combination of fenofibrate and niacin with low-saturated-fat D/E is effective and safe in
increasing HDL-C, decreasing non-HDL-C and hypertriglyceridemia, and ameliorating hypoadiponectine-
mia in patients with HIV/ART-associated dyslipidemia. (J Clin Endocrinol Metab 96: 2236–2247, 2011)
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Dyslipidemia and insulin resistance (1), associated
with accelerated cardiovascular disease (CVD)

risk (2– 6), are prevalent among HIV-infected patients
on antiretroviral therapy (ART). Key components of the
dyslipidemia are hypertriglyceridemia, low high-den-
sity lipoprotein (HDL)-cholesterol (HDL-C), and in-
creased non-HDL-C (7–9). Its unique pathogenic fea-
tures include accelerated lipolysis (10, 11), inadequate
fat oxidation (10), increased hepatic flux of free fatty
acids (FFA) with accelerated very low-density lipopro-
tein synthesis (12), impaired dietary triglyceride clear-
ance (13, 14), defects in HDL metabolism (8, 15), and
hypoadiponectinemia (16, 17).

The distinctive pathophysiology, inimical interactions
between ART drugs and CYP3A4-metabolized statins
(18, 19), and a high prevalence of hepatitis render current
lipid-lowering approaches inadequate in achieving recom-
mended treatment goals. Treatment strategies are based
on the National Cholesterol Education Program (NCEP)
Adult Treatment Protocol III, which recommends niacin
or fibrates for hypertriglyceridemia. Whereas lipid low-
ering and even CVD risk reduction can be achieved with
these monotherapies among HIV-negative persons, there
is sparse evidence from randomized, controlled trials dem-
onstrating their effectiveness in patients with HIV/ART-
associated dyslipidemia.

Heart Positive (www.ClinicalTrials.gov ID:
NCT00246376) was a randomized, placebo-controlled,
double-blind, 24-wk trial of a comprehensive, additive ap-
proach to measuring the effects of intensive lifestyle
change (low-saturated-fat diet with exercise), niacin, and
fenofibrate on triglyceride, HDL-C, and non-HDL-C lev-
els among HIV patients on ART. Secondary outcomes
included changes in glycemia, insulin sensitivity, adipo-
kines, substrate oxidation, energy expenditure, and body
composition. The interventions were selected to target the
pathophysiology: low-saturated-fat diet to ameliorate li-
pemia, exercise and fenofibrate to enhance fat oxidation,
and niacin to blunt lipolysis and diminish hepatic fatty
acid flux. We hypothesized that each intervention would
improve the lipid profile but that a combination would
provide the greatest benefit. The results show that the
combination of niacin and fenofibrate, together with diet
and exercise (D/E), is more effective than lifestyle change
alone or drug monotherapy with lifestyle change in sub-
stantially improving HIV/ART-associated dyslipidemia
and hypoadiponectinemia.

Subjects and Methods

Subjects
Subjects were recruited mainly from the Legacy Community

Health Center and Thomas Street Clinic of the Harris County
Hospital District and from Houston Area Community Services
and private clinics. The study was approved by the Institutional
Review Boards of Baylor College of Medicine and Legacy, and
informed consent was obtained.

Inclusion criteria were: age, 21–65 yr; fasting triglycerides,
above 150 mg/dl (1.70 mmol/liter); body mass index (BMI),
18.5–35 kg/m2; and stable ART for 6 months with CD4� T cell
count 100/mm3 or greater and viral load (VL) no greater than
5000 copies/cm3. (Rationale for the 150 mg/dl triglyceride cutoff
was that HIV patients on ART do not have simple, isolated hy-
pertriglyceridemia but have a cluster of CVD risk factors for
which hypertriglyceridemia at any level is a marker.) Exclusion
criteria were: fasting triglycerides above 1000 mg/dl (11.3 mmol/
liter), history of coronary disease or diabetes, untreated hypo-
gonadism or thyroid dysfunction, pregnancy, renal insufficiency,
alcoholism, alanine aminotransferase (ALT) or aspartate ami-
notransferase (AST) more than two times the upper limit of nor-
mal, or use of nutritional supplements or lipid-lowering drugs for
6 wk before entry.

Subjects were randomized in blocks of 10 to five study
groups: 1) usual care with two placebos; 2) intensive D/E with
two placebos; 3) D/E with active fenofibrate and niacin pla-
cebo; 4) D/E with active niacin and fenofibrate placebo; and
5) D/E with active fenofibrate and active niacin. They were
separately randomized for each of the following strata defined
by three commonly used combinations of ART classes: 1) a pro-
tease inhibitor-containing regime; 2) a nonnucleoside reverse
transcriptase inhibitor-containing regime; and 3) three nucleo-
side reverse transcriptase inhibitors. Study personnel were
blinded to group allocations except for the person who per-
formed the randomization and acted as liaison between the phar-
macy and the clinical coordinator. Subjects received medical care
from their primary HIV physicians.

Diet
Subjects in group 1 (usual care) received general advice on a

heart-healthy diet, kept a 7-d food record, and received feedback
on their caloric intake during a single baseline visit.

Subjects in groups 2–5 were taught a weight-maintaining diet
(caloric requirements based on resting metabolic rate measured
by indirect calorimetry) with 50% of calories from carbohy-
drates, 30% of calories from fat (�7% saturated, 15% mono-
unsaturated, 8% polyunsaturated, minimal trans), cholesterol
no greater than 200 mg/d, and fiber 20–30 g/d. Details have been
reported previously (20). For the first 2 wk, all meals were pack-
aged by the Baylor General Clinical Research Center’s kitchen
and delivered to the subjects. During this stabilization period,
subjects were instructed on food selection and preparation (20).
Three days of food records (randomly selected from 7-d diaries)
were verified by a dietitian at 0, 8, 16, and 24 wk.
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Exercise
Group 1 subjects received a brochure with general fitness

advice. Subjects in groups 2–5 participated in an exercise pro-
gram at a study gymnasium, following guidelines of the Amer-
ican College of Sports Medicine. The sessions were supervised by
certified trainers three times weekly for 75–90 min, with aerobic
and resistance components (20). Fitness and body composition
[total body cell mass and fat, using bioimpedance analysis
(Quantum II; RJL Systems, Clinton Township, MI)] were mea-
sured at wk 0, 8, 16, and 24. For subjects who could not attend
the study gymnasium, membership was provided at a commer-
cial fitness center. Study trainers provided exercise plans to sub-
jects in this alternative program and reviewed their progress
biweekly.

Drugs
Subjects in groups 4 and 5 took sustained-release niacin

(Niaspan; Abbott Laboratories, Abbott Park, IL), starting with
one 500-mg tablet plus three placebo pills at bedtime for 2 wk,
increasing by one active tablet biweekly (with corresponding
decrease in placebo) to four tablets from the seventh week. To
minimize unblinding due to flushing, one placebo pill contained
50 mg niacin (21). Subjects in groups 3 and 5 took 145 mg of
fenofibrate (Tricor; Abbott Laboratories) at bedtime, whereas
the other subjects took placebos. Medication compliance was
reviewed during monthly refills.

Measurements
Fasting lipid levels were measured at baseline (twice) and at

wk 2, 4, 8, 12, 16, and 24. Oral glucose tolerance tests (OGTT)
and indirect calorimetry (Deltatrac, Sensormedics, Fullerton,
CA; or MedGem, HealtheTech, Golden, CO) were performed at
baseline and final study visits, with measurements of fasting
plasma adiponectin, FFA, high-sensitivity C-reactive protein
(hsCRP), and TSH. Blood counts and liver and kidney functions
were measured at wk 2, 4, 8, 12, and 24.

Analysis
Fasting cholesterol, HDL-C, and triglycerides were measured

in the Baylor Atherosclerosis Clinical Laboratory using an Olym-
pus AU400e automated analyzer (22). Non-HDL-C was calcu-
lated as total cholesterol � HDL-C. Plasma glucose was mea-
sured by the glucose oxidase method and insulin by RIA. CD4
counts were measured by flow cytometry (LabCorp, Burlington,
NC), and HIV-1 VL was measured at LabCorp or Quest Diag-
nostics (Madison, NJ) by quantitative PCR (lower limits of 400
or 50 copies/cc); levels less than 400/cc by the first assay were
assigned a value of 200/cc, and all VL values were log-trans-
formed for analysis. Adiponectin was measured by RIA (Linco,
St. Louis, MO), and hsCRP by latex particle-enhanced immu-
noturbidimetric assay (Genzyme, Framingham, MA). FFA were
measured by microtiter procedure (Wako Diagnostics, Rich-
mond, VA). Collective interassay and intraassay coefficients of
variation were 2–5 and 3–8%, respectively.

Statistics
Sample size was based on detecting differences between

groups with respect to mean percentage and absolute change in
triglyceride level in response to diet, exercise, niacin, and feno-
fibrate (20). Criteria for power calculations were: type I error �

0.05, and power � 0.80. Baseline characteristics were compared
by ANOVA. Categorical variables were assessed for differences
at baseline by �2 test. Primary outcomes analyses involved
groups 2–5 for the four possible combinations of fenofibrate
(yes/no) and niacin (yes/no), forming a two-factor design with all
treatments on a background of D/E. Three approaches were used
to analyze lipid variables at 24 wk: mixed repeated measures
model with contrasts (primary model), last observation carried
forward (LOCF), and complete cases. All methods assessed the
main effects of fenofibrate and niacin as well as interactions
between these two factors on outcomes at 24 wk while control-
ling for the baseline value of the outcome variable and these
covariates: ART strata, sex, ethnicity, history of smoking, alco-
hol and drug use, and family history of diabetes.

For subjects who did not complete 24 wk, LOCF used the last
value obtained as an estimate of the 24-wk value. For LOCF and
complete cases, the general linear model was applied to 24-wk
values for assessment of treatment main effects and interaction
while accounting for covariates. The mixed repeated measures
model approach used all available measurements at 2, 4, 8, 12,
and 16 wk to model outcome as a function of fenofibrate (yes/
no), niacin (yes/no), fenofibrate � niacin interaction, weeks in
the study, and covariates to estimate 24-wk means for the treat-
ment combinations. These estimated 24-wk means were sub-
jected to contrasts, assessing treatment main effects and inter-
actions at that time point. Both LOCF and mixed model methods
included all subjects who attended the wk 2 visit, regardless of
subsequent missing data. Although the mixed model is more
efficient for treatment of missing values (23), LOCF was used to
corroborate the results. Time (in weeks) was treated as categor-
ical in the mixed model because the purpose was to estimate
24-wk means for comparison rather than estimation of slopes
across time.

Secondary analyses compared outcomes of groups 2, 3, 4, or
5 with usual care (group 1) at 24 wk. This analysis also used
mixed models and LOCF. Comparisons were not performed un-
less there was a significant P value in the overall test. Significant
differences between group 2 (D/E only) and groups 3, 4, or 5 are
also presented in tables, but only where the two-factorial analysis
indicated a drug effect. For log-transformed data, final results are
reported as geometric means.

Prespecified primary endpoints were changes in triglycerides,
HDL-C, and non-HDL-C. Secondary endpoints were changes in
glycemia, insulin sensitivity, adipokines, substrate oxidation, en-
ergy expenditure, and body composition. STATA 11.0 (Stata-
Corp, College Station, TX) and SPSS 18.0 (SPSS Inc., Chicago,
IL) software were used. P � 0.05 was considered significant.

Results

Of the 448 screened, 221 eligible subjects were random-
ized (Fig. 1). Thirty withdrew consent or dropped out be-
fore the first outcome measurements at wk 2. All 191 sub-
jects who provided the first outcome measurement were
included in the final analysis. There were no significant
baseline differences between the 30 “early dropout” sub-
jects and the 191 included in the final analysis.

The subjects were 87% male, 46% Hispanic, 36%
White, and 17% African-American. At baseline, there
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were no significant group differences in age, sex, HIV du-
ration, ART duration or strata, CD4 count, VL, BMI,
race/ethnicity, or history of smoking, ethanol consump-
tion, drug use, or viral hepatitis (Table 1). Family history
of diabetes was less frequent in group 1. Baseline fasting
lipid levels for the entire study cohort were (mean � SE):
total cholesterol, 211.3 � 3.6 mg/dl (5.47 � 0.09 mmol/
liter); triglycerides, 306.4 � 12.2 mg/dl (3.46 � 0.14
mmol/liter); HDL-C, 39.7 � 0.7 mg/dl (1.03 � 0.02
mmol/liter); non-HDL-C, 171.7 � 3.3 mg/dl (4.45 � 0.09
mmol/liter); and total cholesterol-to-HDL-C ratio, 5.4 �
0.1. There were no group differences in baseline lipid or
glycemic levels, insulin, blood urea nitrogen (BUN), cre-
atinine, ALT, AST, TSH, testosterone, FFA, leptin, adi-
ponectin, hsCRP, or blood pressure (Table 2).

Table 3 displays results of two-factorial analysis of lipid
outcomes among groups 2–5 at wk 24. Covariates were
baseline values; ART strata; sex; race/ethnicity; history of
smoking, alcohol or drug abuse; and family history of
diabetes. There was no evidence of fenofibrate � niacin
interaction for any parameters. By mixed model analysis
of all 191 subjects, fenofibrate affected total cholesterol
(P � 0.02), triglycerides (P � 0.002), and non-HDL-C
(P � 0.003); niacin had an effect on HDL-C (P � 0.03);

and both fenofibrate (P � 0.005) and ni-
acin (P � 0.01) affected the ratio of total
cholesterol to HDL-C. Analysis of the
127 subjects who completed the 24-wk
intervention revealed the same effects,
except for fenofibrate on total choles-
terol. LOCF analysis corroborated the
mixed model results in every respect.

Table 4 compares lipid outcomes be-
tween group 1 and groups 2–5 and dis-
plays differences between group 2 and
groups 3–5. Total cholesterol (P �
0.04), triglycerides (P � 0.003), and
non-HDL-C (P � 0.003) were lower in
group 5 than in group 1; among the
24-wk completers, these levels were
also lower in group 5 than in group 2.
HDL-Cwashigher ingroups4(P�0.04)
and5(P�0.001)thaningroup1;among
the completers, HDL-C was also higher
in group 5 than in group 2. Total choles-
terol-to-HDL-C ratio was lower in
groups 3, 4, and 5 compared with group
1 (P � 0.01, P � 0.05, and P � 0.001,
respectively); among 24-wk completers,
the ratio was also lower in group 5 than
in group 2. Figure 2 displays individual
lipid changes by group, together with
their slopes and correlation coefficients.

Two-factorial analysis was performed on nonlipid out-
comes in groups 2–5: FFA, glycosylated hemoglobin
(HbA1c), fasting plasma glucose (FPG), area under the
curve in the OGTT (OGTT-AUC) for glucose, fasting
insulin, OGTT-AUC for insulin, fasting leptin, adi-
ponectin, hsCRP, TSH, testosterone, homeostasis
model assessment for insulin resistance (HOMA-IR),
insulin sensitivity index, rate of elimination of CO2, rate
of oxygen consumption respiratory quotient, resting en-
ergy expenditure, CD4 count, log VL, weight, BMI, waist
and hip circumferences, waist-hip ratio, body cell mass, fat
mass, percentage body fat, blood pressure, ALT, AST,
BUN, and creatinine. Covariates were the same as for the
lipid analyses. There was no evidence of fenofibrate �

niacin interaction for any parameters. There was an effect
of niacin on FPG (P � 0.002), OGTT-AUC for glucose
(P � 0.02), fasting insulin (P � 0.03), HOMA-IR (P �

0.008), insulin sensitivity index (P � 0.007), and adi-
ponectin (P � 0.0001), and an effect of fenofibrate on
creatinine (P � 0.002). Table 5 compares these outcomes
between group 1 and groups 2–5 and displays differences
between group 2 and groups 3–5. FPG levels were in-

FIG. 1. Flow diagram of subject screening, recruitment, and randomization. At
randomization, subjects were stratified by three combinations of ART classes: protease
inhibitor-containing regime (PI), nonnucleoside reverse transcriptase inhibitor-containing
regime (NNRTI), and regime with three nucleoside reverse transcriptase inhibitors without PI
or NNRTI (NRTI-only).
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creased in groups 4 and 5 compared with group 2, but
remained within the normoglycemic range. There were
no group differences in HbA1c. HOMA-IR was higher,
and the insulin sensitivity index was lower in groups 4

and 5 compared with group 2. Despite these indications
of decreased insulin sensitivity with respect to glucose,
groups 4 and 5 experienced markedly increased levels of
adiponectin compared with groups 1 and 2, whereas

TABLE 1. Baseline characteristics: demographic and virological parameters

Parameter
Group 1

(UC)
Group 2

(D/E)
Group 3
(D/E�F)

Group 4
(D/E�N)

Group 5
(D/E�F�N) P

n 30 38 41 40 42
Sex (n)

Male 26 36 33 36 36 0.44
Female 4 2 8 4 6

Age (yr) 44.5 � 1.5 44.5 � 1.5 43.6 � 1.4 42.8 � 1.4 43.2 � 1.1 0.86
HIV duration (yr) 9.6 � 1.1 10.5 � 1.1 9.0 � 0.9 9.0 � 0.9 8.9 � 0.9 0.76
ART duration (yr) 3.7 � 0.4 5.8 � 0.8 6.3 � 0.8 5.8 � 0.7 6.2 � 0.8 0.12
CD4 (per ml) 445 � 46 615 � 52 544 � 54 477 � 46 466 � 42 0.10
VL (copies/ml) 3334 � 2051 301 � 60 1251 � 1017 796 � 356 453 � 145 0.17
Suppressed VL (n) 23 (77) 32 (84) 27 (66) 29 (73) 33 (79) 0.38
Weight (kg) 78.4 � 1.9 81.6 � 2.0 77.9 � 2.1 80.2 � 1.8 82.1 � 2.3 0.52
BMI (kg/m2) 26.31 � 0.47 27.11 � 0.53 26.56 � 0.61 27.35 � 0.58 27.20 � 0.61 0.70
Ethnicity

White 9 (30) 17 (45) 12 (29) 16 (40) 13 (31) 0.57
Hispanic 13 (44) 16 (42) 23 (56) 19 (48) 18 (43)
African-American 7 (23) 5 (13) 5 (12) 5 (12) 11 (26)
Other 1 (3) 1 (2)

History of smoking 21 (68) 21 (58) 24 (59) 26 (65) 23 (54) 0.73
History of alcohol use 16 (52) 25 (58) 22 (54) 21 (53) 16 (37) 0.08
History of drug use 8 (26) 14 (39) 9 (22) 13 (33) 8 (19) 0.26
Family history of diabetes 7 (23) 17 (47) 121 (29) 22 (55) 24 (50) 0.01
Hepatitis

A 4 (13) 4 (11) 4 (10) 3 (8) 5 (12) 0.36
B 6 (20) 5 (13) 6 (15) 5 (13) 3 (7) 0.55
C 1 (3) 4 (11) 3 (7) 1 (3) 6 (14) 0.57

Data are expressed as mean � SE, or number (percentage) unless described otherwise. UC, Usual care; D/E�F, D/E � fenofibrate; D/E�N, D/E �
niacin; D/E�F�N, D/E � fenofibrate � niacin.

TABLE 2. Baseline characteristics: lipid, biochemical, and hormonal parameters

Parameter
Group 1

(UC)
Group 2

(D/E)
Group 3
(D/E�F)

Group 4
(D/E�N)

Group 5
(D/E�F�N) P

Total cholesterol (mg/dl) 214.4 � 8.6 220.3 � 10.0 208.3 � 8.1 207.2 � 6.0 207.9 � 7.3 0.74
Triglycerides (mg/dl) 313.5 � 34.0 328.3 � 34.1 297.7 � 21.7 313.9 � 26.8 283.1 � 21.2 0.79
HDL-C (mg/dl) 40.5 � 1.9 39.8 � 1.6 39.4 � 1.2 38.7 � 1.3 40.0 � 1.4 0.94
Non-HDL-C (mg/dl) 173.9 � 7.7 180.5 � 9.5 168.8 � 7.5 168.5 � 5.3 167.8 � 6.5 0.71
TC:HDL-C ratio 5.4 � 0.19 5.7 � 0.24 5.3 � 0.17 5.5 � 0.14 5.3 � 0.14 0.59
Fasting glucose (mg/dl) 93.4 � 1.7 97.4 � 2.9 91.4 � 1.3 96.3 � 1.7 96.3 � 3.1 0.31
Fasting insulin (�U/ml) 12.6 � 1.7 11.9 � 1.3 13.4 � 1.4 14.2 � 1.9 25.0 � 8.2 0.14
HbA1c (%) 5.21 � 0.10 5.35 � 0.07 5.19 � 0.07 5.34 � 0.12 5.43 � 0.12 0.38
TSH (�IU/ml) 2.06 � 0.29 2.13 � 0.24 2.28 � 0.23 1.63 � 0.13 1.74 � 0.15 0.13
Testosterone (ng/dl) 428.8 � 47.8 497.5 � 36.6 476.2 � 57.7 467.3 � 53.3 447.7 � 54.4 0.92
FFA (mEq/liter) 0.41 � 0.07 0.28 � 0.03 0.33 � 0.04 0.31 � 0.03 0.31 � 0.02 0.18
Leptin (ng/ml) 7.32 � 1.10 6.13 � 0.86 7.88 � 1.14 5.50 � 0.88 7.14 � 0.98 0.44
Adiponectin (ng/ml) 6.1 � 1.5 8.6 � 1.4 7.6 � 0.9 5.2 � 0.8 5.3 � 0.7 0.12
hsCRP (mg/liter) 3.39 � 0.58 4.58 � 1.35 4.39 � 1.85 3.56 � 0.85 3.62 � 0.85 0.89
BUN (mg/dl) 14.8 � 0.94 14.7 � 0.73 15.0 � 0.58 13.0 � 0.62 14.1 � 0.61 0.21
Creatinine (g/dl) 0.98 � 0.04 0.96 � 0.04 0.97 � 0.04 0.94 � 0.02 0.98 � 0.02 0.83
ALT (U/liter) 33.4 � 3.9 30.9 � 1.9 31.7 � 3.0 37.0 � 3.3 25.9 � 1.9 0.39
AST (U/liter) 27.2 � 2.0 28.4 � 1.5 28.4 � 1.7 32.1 � 3.4 26.5 � 1.5 0.21
SBP (mm Hg) 128.3 � 2.5 145.6 � 14.5 127.3 � 2.2 130.4 � 2.5 125.8 � 2.3 0.23
DBP (mm Hg) 82.1 � 1.8 84.7 � 1.7 81.3 � 1.5 84.0 � 1.7 80.7 � 1.7 0.36

Data are expressed as mean � SE. UC, Usual care; D/E�F, D/E � fenofibrate; D/E�N, D/E � niacin; D/E�F�N, D/E � fenofibrate � niacin; SBP,
systolic blood pressure; DBP, diastolic blood pressure. For conversion to SI units: cholesterol � 0.0259; triglycerides � 0.0113; glucose � 0.0555;
insulin � 6.945; testosterone � 0.0347; BUN � 0.357; creatinine � 88.4.
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group 3 had a slightly lower level of adiponectin than
group 1. Creatinine was higher in groups 3 and 5 than
in groups 1 and 2. There were no significant group dif-
ferences in FFA or hsCRP levels. As intended in the
weight-maintaining lifestyle intervention, there were no
significant changes or group differences in weight or
BMI.

Except for flushing, reported by 35–40% of those tak-
ing niacin, adverse events were infrequent and were not
increased in those who received active drugs (Table 6).

Of the 191 subjects who completed 2 wk and were
included in the final analysis, 64 did not complete the
24-wk protocol. The only differences between completers
and noncompleters were that the former were slightly

TABLE 3. Lipid outcomes: effects of fenofibrate or niacin

Parameter

Fenofibrate Niacin Fenofibrate � niacin
interaction (P)No Yes P No Yes P

Total cholesterol
All subjects 195.5 � 4.9 181.2 � 5.8 0.02 192.1 � 5.4 184.6 � 5.3 0.24 0.78
24-wk completers 202.6 � 7.5 190.4 � 7.0 0.06 201.1 � 7.5 191.8 � 7.0 0.18 0.97

Triglycerides
All subjects 197.3 � 18.7 154.4 � 12.5 0.002 186.0 � 17.0 156.6 � 8.5 0.07 0.72
24-wk completers 247.6 � 33.0 186.6 � 22.5 0.02 236.9 � 30.1 197.4 � 22.7 0.06 0.77

HDL-C
All subjects 40.3 � 1.4 42.8 � 1.4 0.16 39.7 � 1.3 43.3 � 1.5 0.03 0.84
24-wk completers 42.0 � 2.0 43.5 � 1.9 0.43 40.5 � 1.8 45.0 � 2.1 0.02 0.59

Non-HDL-C
All subjects 159.7 � 5.8 141.5 � 5.3 0.003 155.6 � 5.5 145.6 � 5.7 0.11 0.81
24-wk completers 161.6 � 6.8 148.4 � 6.3 0.03 160.4 � 6.3 149.6 � 6.6 0.12 0.90

TC:HDL-C
All subjects 4.9 � 0.2 4.3 � 0.1 0.005 4.8 � 0.2 4.3 � 0.2 0.01 0.95
24-wk completers 4.8 � 0.3 4.4 � 0.2 0.04 4.9 � 0.3 4.3 � 0.2 0.004 0.66

Data are expressed as mean � SE. Bold values indicate P � 0.05.

TABLE 4. Lipid outcomes: comparisons with control groups 1 and 2

Parameter
Group 1

(UC)
Group 2

(D/E)
Group 3
(D/E�F)

Group 4
(D/E�N)

Group 5
(D/E�F�N)

All subjects
Total cholesterol (mg/dl) 195.6 � 7.7 200.1 � 8.3 184.0 � 6.9 190.8 � 8.2 178.4 � 7.0a

% attaining �200 mg/dl 57 47 63 58 62
Triglycerides (mg/dl) 199.0 � 24.9 216.9 � 28.6 155.1 � 18.5 177.6 � 24.2 135.6 � 16.9a,b

% attaining �150 mg/dl 30 26 44 30 57
HDL-C (mg/dl) 37.1 � 1.8 38.7 � 1.9 40.7 � 1.8 41.8 � 2.2a 44.8 � 2.1a

% attaining �40 mg/dl 40 45 44 58 76
Non-HDL-C (mg/dl) 162.2 � 7.8 165.4 � 8.1 145.8 � 7.4 154.0 � 8.3 137.1 � 7.7a

% attaining �130 mg/dl 23 16 44 20 48
Total cholesterol:HDL-C 5.2 � 0.3 5.1 � 0.3 4.5 � 0.2a 4.6 � 0.3a 4.0 � 0.2a

% attaining �3.5:1 10 5 20 15 31
24-wk completers

Total cholesterol (mg/dl) 206.3 � 10.0 206.9 � 10.7 195.3 � 10.6 198.2 � 10.6 185.4 � 9.1a,b

% attaining �200 mg/dl 47 32 44 35 48
Triglycerides (mg/dl) 256.0 � 44.6 269.3 � 49.8 204.4 � 34.0 225.9 � 43.2 168.8 � 29.6a

% attaining �150 mg/dl 27 21 32 18 45
HDL cholesterol (mg/dl) 36.9 � 2.3 39.9 � 2.6 41.0 � 2.4 44.0 � 3.0a 46.0 � 2.9a,b

% attaining �40 mg/dl 30 29 37 33 52
Non-HDL-C (mg/dl) 170.0 � 8.9 166.2 � 9.4 154.5 � 8.5 156.9 � 9.7 142.2 � 9.0a,b

% attaining �130 mg/dl 7 5 20 8 31
Total cholesterol:HDL-C 5.4 � 0.4 5.1 � 0.4 4.7 � 0.3 4.5 � 0.3a 4.0 � 0.3a

% attaining �3.5:1 20 13 37 13 40

Data are expressed as mean � SE or percentage. Covariates in the analyses were: baseline values, ART strata, sex, ethnicity, smoking history,
alcohol history, drug use history, and family history of diabetes. For �All subjects,� n � 191 and mixed repeated measures model analysis results are
displayed. Analysis by LOCF yielded similar results. For conversion to SI units: cholesterol � 0.0259; triglycerides � 0.0113. For �24-wk
completers,� n � 127. UC, Usual care; D/E�F, D/E � fenofibrate; D/E�N, D/E � niacin; D/E�F�N, D/E � fenofibrate � niacin.
a P � 0.05 compared to group 1.
b P � 0.05 compared to group 2.
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older (44.8 � 8.6 yr compared with 41.3 � 7.3 yr; P �
0.006) and had a lower frequency of family history of
diabetes (37% compared with 53.1%; P � 0.04). The
subject population was largely indigent (�90% partici-
pated in the Ryan White program for low-income, unin-
sured HIV patients), and approximately 30% had only
transient addresses. Lack of permanent addresses or tele-
phone connections made it difficult to ascertain reasons
for dropout in 54 noncompleters. Ten subjects were re-
moved from the study for problems unrelated to the in-
terventions. Completion rates for groups 1–5 were 87, 63,
71, 53, and 67%, respectively. Dosage of niacin or placebo
was decreased by prespecified algorithm for seven subjects
with persistent flushing and two with ALT/AST eleva-
tions. The latter were hepatitis B or C positive and be-
longed to group 5—transaminase levels returned to base-
line after dose reduction in one who completed the study,
but remained elevated in the other until removal from the
study. Review of medication use at refill visits revealed no
group differences in compliance. Dietary compliance was
reviewed, and guidelines were reiterated at each dietitian
visit (wk 8, 16, and 24). Compliance with dietitian visits
(number of total visits/number of expected visits for the

duration of the subject in the program) was as follows:
55% completed 100%, 14% completed 75%, 4% com-
pleted 67%, 18% completed 50%, 6% completed 25%,
and 3% completed 0%. Compliance with gym visits
(number of total visits/week for the duration of the sub-
ject in the program) was 1.65 � 0.26 visits (mean � SD)
per week.

The ART regime was altered in seven subjects by their
HIV physicians. By prespecified policy, one subject was
removed because this altered his ART stratum; the oth-
ers were permitted to continue because the change did
not alter their strata.

At the baseline OGTT, 17 subjects (three in group 1,
one in group 2, two in group 3, six in group 4, and five in
group 5) met criteria for diabetes. They were permitted to
remain in the studywith closemonitoringof glucose levels.
Six did not complete the study for reasons unrelated to
glucose control and had no change in fasting glycemic
levels while participating in the study. Of the 11 com-
pleters, seven belonged to a niacin arm; one showed a
decrease in HbA1c by more than 0.2%, four showed no
change, and one showed an increase in HbA1c by more
than 0.2%. Four completers were in a non-niacin arm;

FIG. 2. Lipid changes within individual subjects, displayed by group. All 191 subjects included in the analysis are represented, and “post” refers to
the last value measured in each subject. The slope (m) represents the magnitude of the mean group change (in milligrams per deciliter), and r2

represents the correlation of the change with the treatment. The slope and correlation coefficients were calculated by linear regression analysis
using SigmaPlot (Systat Software, Inc., San Jose, CA). TG, Triglyceride; UC, usual care; F, fenofibrate; N, niacin.
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one showed a decrease in HbA1c, two showed no
change, and one showed an increase in HbA1c, using the
same criteria.

Eight subjects who had nondiabetic baseline OGTT
responses and completed the study crossed thresholds
of glycemic control by the end of the trial. Three subjects
in a non-niacin arm and one in a niacin arm moved from
normal glucose tolerance to impaired glucose tolerance.
One subject in a niacin arm moved from impaired glu-
cose tolerance to diabetes. Two subjects in a non-niacin
arm and one in a niacin arm moved from normal glucose
tolerance to diabetes.

Discussion

The Heart Positive study demonstrated that, against a
background of a low-saturated-fat diet and regular exer-
cise, niacin increased HDL-C and fenofibrate decreased
triglycerides in a multiethnic group of dyslipidemic HIV
patients on ART. These drugs were selected, despite their
overlapping lipid-lowering effects, for their ability to tar-
get distinct kinetic defects in HIV patients. A combination
of the two was most effective in lowering triglycerides
(�52% compared with usual care), increasing HDL-C
(�12%), and lowering non-HDL-C (�18.5%). Indeed,

TABLE 5. Metabolic, hormonal, insulin sensitivity, body composition, energy expenditure, and virological
outcomes: comparisons with control groups 1 and 2

Parameter
Group 1

(UC)
Group 2

(D/E)
Group 3
(D/E�F)

Group 4
(D/E�N)

Group 5
(D/E�F�N)

FFA (mEq/liter) 0.40 � 0.05 0.37 � 0.05 0.35 � 0.05 0.34 � 0.05 0.36 � 0.05
HbA1c (%) 5.5 � 0.9 5.3 � 0.9a 5.3 � 0.9a 5.4 � 0.1 5.3 � 0.1a

FPG (mg/dl) 90.9 � 2.9 88.7 � 3.0 88.4 � 2.7 95.4 � 3.2b 95.6 � 3.0b

OGTT-AUC for glucose (mg/dl over
120 min)

17,318 � 959 17,207 � 1022 16,221 � 852 18,113 � 1,110 18,239 � 1,086

Fasting plasma insulin (�U/ml) 8.7 � 2.0 6.7 � 1.6 9.5 � 1.6 11.9 � 3.0b 10.3 � 2.5b

OGTT-AUC for insulin (�U/ml over
120 min)

10,051 � 1,869 7,180 � 1,430 9,141 � 1,635 8,821 � 1,838 10,066 � 2,039

HOMA-IR 1.92 � 0.47 1.38 � 0.36 2.02 � 0.47 2.76 � 0.75b 2.38 � 0.62b

Insulin sensitivity index 3.54 � 0.73 4.95 � 1.10 3.81 � 0.76 2.88 � 0.67b 3.12 � 0.70b

Fasting plasma leptin (ng/ml) 4.22 � 0.67 4.42 � 0.76 4.47 � 0.69 4.67 � 0.81 4.11 � 0.74
Adiponectin (�g/ml) 7.12 � 1.09 6.04 � 0.98 5.24 � 0.76a 11.01 � 1.87a,b 10.34 � 1.67a,b

hsCRP (mg/liter) 1.75 � 1.13 2.42 � 1.19 1.42 � 1.09 1.18 � 1.24 2.62 � 1.16
ALT (IU/liter) 25.9 � 5.4 24.7 � 5.2 26.6 � 5.5 29.7 � 5.9 25.4 � 5.2
AST (IU/liter) 29.6 � 6.1 25.4 � 6.0 31.0 � 5.9 29.3 � 5.7 28.7 � 6.0
BUN (mg/dl) 15.9 � 1.9 14.3 � 1.9 15.9 � 1.9 15.5 � 1.8 15.5 � 1.9
Creatinine (g/dl) 1.09 � 0.07 1.12 � 0.07 1.22 � 0.07a,b 1.16 � 0.07 1.23 � 0.07a,b

TSH (�U/ml) 1.24 � 0.21 1.22 � 0.22 1.31 � 0.20 1.24 � 0.23 1.10 � 0.19
Testosterone (ng/dl) 499.9 � 60.2 439.3 � 60.3 436.7 � 54.1 504.2 � 62.9 460.3 � 59.8
Weight (kg) 79.8 � 2.2 79.5 � 2.2 79.2 � 2.1 78.7 � 2.1 79.0 � 2.2
BMI (kg/m2) 26.9 � 0.76 26.5 � 0.75 26.5 � 0.72 26.3 � 0.72 26.7 � 0.75
Systolic BP (mm Hg) 120.9 � 5.3 122.8 � 5.2 122.2 � 5.1 125.6 � 5.0 121.1 � 5.2
Diastolic BP (mm Hg) 78.5 � 3.9 80.1 � 3.8 80.9 � 3.8 81.8 � 3.7 78.6 � 3.8
Waist (cm) 90.5 � 2.7 90.2 � 2.2 89.4 � 2.0 91.3 � 2.2 89.3 � 2.1
Hip (cm) 92.2 � 4.3 92.3 � 3.5 93.1 � 3.2 91.0 � 3.5 93.5 � 3.3
Waist-hip ratio 0.91 � 0.02 0.92 � 0.02 0.92 � 0.02 0.92 � 0.02 0.90 � 0.02
Body cell mass (kg) 59.6 � 2.3 67.3 � 2.0 66.6 � 1.8 67.1 � 2.1 68.2 � 2.0
Fat mass (kg) 36.8 � 1.9 37.5 � 1.6 35.8 � 1.5 37.7 � 1.8 36.2 � 1.7
Body fat (%) 24.1 � 1.1 22.3 � 0.9 22.1 � 0.9 22.1 � 1.0 22.3 � 0.9
VCO2 (ml/min) 218.3 � 8.6 212.1 � 8.4 216.7 � 8.1 211.7 � 9.7 202.8 � 8.7
VO2 (ml/min) 271.2 � 10.6 256.3 � 10.3 264.8 � 9.8 262.6 � 10.9 261.3 � 10.7
RQ 0.83 � 0.01 0.85 � 0.01 0.857 � 0.01 0.853 � 0.01 0.82 � 0.01
REE (kcal/24 h) 1,800 � 94 1,663 � 88 1,799 � 86 1,765 � 94 1,757 � 93
CD4 count (per ml) 455 � 51 429 � 8 508 � 5 490 � 54 491 � 53
Log VL 2.58 � 0.16 2.45 � 0.18 2.35 � 0.17 2.55 � 0.17 2.38 � 0.17

Data are expressed as mean � SE. Covariates in the analyses were: baseline values, ART strata, sex, ethnicity, smoking history, alcohol history, drug
use history, and family history of diabetes. HOMA-IR � fasting glucose (mmol/liter) � fasting insulin (mU/liter)/22.5; insulin sensitivity index �
10,000/	
(fasting glucose � fasting insulin) � (mean glucose � mean insulin during the OGTT)�. For conversion to SI units: glucose � 0.0555;
BUN � 0.357; creatinine � 88.4; testosterone � 0.0347. UC, Usual care; D/E�F, D/E � fenofibrate; D/E�N, D/E � niacin; D/E�F�N, D/E �
fenofibrate � niacin; VCO2, rate of elimination of CO2; VO2, rate of oxygen consumption; RQ, respiratory quotient; REE, resting energy
expenditure.
a P � 0.05 compared to group 1.
b P � 0.05 compared to group 2.
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postintervention mean levels for the group that received
both drugs were in the normal range for triglycerides and
HDL-C. Combination therapy also produced the lowest
ratio of total cholesterol to HDL-C, a measure highly cor-
related with cardiovascular risk (24).

Prior studies of niacin or fibrates in HIV patients have
been small and limited to monotherapy without lifestyle
interventions. Dubé et al. (25) noted improvements in to-
tal cholesterol, triglycerides, HDL-C, and non-HDL-C in
a 44-wk study of niacin in 30 patients. Fibrates produced
modest improvements in low-density lipoprotein choles-
terol, triglycerides (�30 to �33%), and HDL-C (�10 to
�12%) in small, nonrandomized cohorts (26–28). A ran-
domized trial of gemfibrozil in 36 patients demonstrated
a 23% decrease in triglycerides after 12 wk (29). Response
to gemfibrozil may be attenuated in HIV patients (30).

Evidence from non-HIV populations with hypertriglyc-
eridemia and low HDL-C, treated with fibrates or niacin,
suggests that the improvements observed in the Heart Pos-
itive study could be clinically meaningful. Niacin reduced
myocardial infarction rates by 15% in the Coronary Drug
Project (31), and decreased carotid atherosclerosis when
added to a statin in the Arterial Biology for the Investiga-

tion of Treatment Effects of Reducing Cholesterol trial
(32). The Helsinki Heart Study showed that increases in
HDL-C among patients on gemfibrozil were associated
with coronary heart disease (CHD) risk reduction (33),
and in the Veterans Administration HDL Intervention
Trial, gemfibrozil raised HDL-C by 6% and reduced CHD
by 20% (34). A recent meta-analysis indicated that every
1 mg/dl rise in HDL-C or reduction in non-HDL-C re-
duced CHD risk 1.5 and 1.4%, respectively (35). Thus,
the approximately 9 mg/dl increase in HDL-C and 41
mg/dl decrease in non-HDL-C observed among group 5
subjects in the Heart Positive study might correspond to
CHD risk reductions of 14.5 and 57%, respectively, or
total risk reduction as much as 72%. However, the
unique features of accelerated atherosclerosis in HIV pa-
tients dictate caution in extrapolating from outcomes in
non-HIV populations. By analogy, patients with diabetes
(who have a related form of metabolic syndrome and vas-
cular inflammation) may not experience the same degree
of CVD risk reduction as nondiabetic patients. The Feno-
fibrate Intervention and Event Lowering in Diabetes trial
showed no significant effect of fenofibrate on coronary
events among patients with type 2 diabetes (36). In the

TABLE 6. Adverse events

Adverse events
Group 1

(UC)
Group 2

(D/E)
Group 3
(D/E�F)

Group 4
(D/E�N)

Group 5
(D/E�F�N)

Dizziness 2 1 1 1
Rash/itching 1 3 2
ALT/AST �3X ULNa 1 1 1 2
Flushingb 1 2 3 16 12
Diarrhea 3 1 2 2
Nausea/vomiting 2 1 4 3
Chest pain/angina 1 1 1 1
Abdominal pain 1 2 1
Back pain 2 1
Fatigue 2 1 2
Triglyceride �1000 mg/dl 1 3 1
Headache 5 2
Muscle/body ache 1 1 2
Polyuria 1 1
Elevated bilirubinc 3 5 4 2
Leg cramps 1 1
Creatinine �1.5 g/dl 1 1 1
Loss of appetite 1 1 1

Table lists the numbers of all events that occurred in at least 1% of the subjects. Other notable adverse events included: acute kidney injury (one
subject in group 4), kidney stone (one subject in group 3), acute myocardial infarction (one subject in group 2), acute cholecystitis (one subject in
group 4), and suicide attempt (one subject in group 4). UC, Usual care; D/E�F, D/E � fenofibrate; D/E�N, D/E � niacin; D/E�F�N, D/E �
fenofibrate � niacin; ULN, upper limit of normal.
a Reasons: One subject in group 1 due to binge drinking—resolved, and subject completed study; one subject in group 2 due to taking
oxandrolone—subject removed from study; one subject in group 4 for no clear reason 3 d after start of protocol—resolved spontaneously, and
subject completed study; two subjects in group 5 likely due to study drug(s)—in one, the levels returned to baseline after decreasing dose of study
drugs and he completed the study, whereas the other had persistently elevated levels after decreasing the dose, and he was removed from the
study with return of levels to normal 1 month later.
b Includes all reports of flushing, regardless of severity.
c All subjects with elevated bilirubin were taking atazanavir (known to cause a Gilbert’s-like syndrome) and had no clinical or biochemical evidence
of hepatitis or obstructive jaundice.
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Action to Control Cardiovascular Risk in Diabetes
(ACCORD) trial, addition of fenofibrate to statins did not
reduce cardiovascular events among patients with type 2
diabetes overall (37); however, there was a benefit for
patients with both high triglycerides and low HDL-C, a
subgroup with a lipid profile similar to that of HIV pa-
tients on ART.

As previously reported for hypertriglyceridemic HIV
patients (38–40), baseline adiponectin levels were low.
Adiponectin levels increased markedly in response to ni-
acin (mean change, �111% from baseline to 11.01 � 1.87
�g/ml in group 4, and �95% to 10.34 � 1.67 �g/ml in
group 5). This outcome is remarkable given that niacin
produced mild increases in mean fasting glucose levels (but
within the normoglycemic range), as well as in insulin
levels and HOMA-IR, and it suggests a direct effect of
niacin on adiponectin expression (41). This effect of niacin
has been noted in HIV-negative persons (42, 43). The re-
lationship between hypoadiponectinemia, hypertriglycer-
idemia, and poor clearance of triglyceride from very low-
density lipoprotein, low-density lipoprotein, and HDL in
dyslipidemic HIV patients also suggests an effect of adi-
ponectin on lipoprotein metabolism (44). Collectively,
these data suggest that niacin may induce a qualitative
improvement in lipoprotein composition mediated by adi-
ponectin in dyslipidemic HIV patients.

Despite interventions aimed at blunting lipolysis and
increasing fat oxidation, fasting FFA levels did not im-
prove. Impaired dietary fat disposal contributes markedly
to fasting FFA levels in patients with HIV lipodystrophy
(13); inability to lower FFA levels with a regime that in-
cluded a 30% fat diet suggests that greater reductions in
dietary fat may be necessary to overcome this defect. Con-
sistent with this notion and a previous lifestyle study (45),
D/E alone failed to improve fasting triglyceride levels.

Liver dysfunction was a concern with the use of niacin
and fenofibrate in this population with high prevalence of
viral hepatitis. The frequency of transaminase elevation
was not increased among subjects receiving niacin or feno-
fibrate, but two patients who experienced (reversible) el-
evation of ALT/AST as a possible consequence of the in-
terventions were positive for hepatitis B or C and received
both drugs. Monitoring liver functions will be important
when treating HIV patients with a niacin-fenofibrate com-
bination. CD4 counts and VL were not altered by any
study interventions.

Changes across thresholds of glycemic control were
similar in subjects who received niacin compared with
those who did not—among study completers, 6% of ni-
acin users compared with 6.3% of non-niacin users had a
combined incidence of impaired glucose tolerance or di-
abetes. Among the 17 subjects who were first diagnosed

with diabetes at the time of the baseline OGTT, glycemic
changes through the trial were similar between niacin us-
ers and nonusers. Flushing was a common side effect of
niacin. Although aspirin or acetaminophen frequently al-
leviated the symptoms, it is possible that flushing contrib-
uted to dropouts among subjects in groups 4 and 5. Pros-
taglandin D2 receptor inhibitors that prevent flushing
may facilitate niacin therapy (46).

The D/E intervention alone did not improve lipid levels
or adiponectin or induce statistically significant change in
any of the secondary outcomes. Changes in fitness and
dietary behavior and their relationship to energy expen-
diture parameters will be reported separately.

Clinicians attempting to reduce CVD risk in HIV pa-
tients on ART face special therapeutic challenges; there are
significant interactions between lipid medications and an-
tiretroviral agents, and the unique origins and distinctive
features of the dyslipidemia make it difficult to achieve
NCEP targets using current algorithms. A rationally
based, combinatorial approach using niacin and fenofi-
brate with low-saturated-fat diet and exercise is both ef-
fective and safe in improving the CVD risk factors of low
HDL-C, elevated non-HDL-C, and hypertriglyceridemia
among HIV patients on ART. Its effectiveness across dif-
ferent ethnic groups and ART regimes makes these results
broadly applicable to dyslipidemic HIV patients, includ-
ing ethnic minorities with increasing prevalence of HIV
infection. An event-driven trial is required to determine
whether this approach can improve cardiovascular out-
comes and to compare it to the non-CYP3A4-metabolized
statins currently recommended as initial therapy for dys-
lipidemia in HIV patients. Data from the Heart Positive
study provide the rationale for such an investigation.

Acknowledgments

The authors appreciate the invaluable contributions of the clin-
ical staff of Legacy Community Health Center (in particular,
Drs. S. Schrader and N. Vanek), Thomas Street Clinic, Houston
Area Community Services (in particular, Drs. H. Hammill and J.
Garza), Baylor College of Medicine (in particular, Dr. R. Lewis),
and the Houston Veterans Affairs Medical Center, who referred
patients for the study; the exercise trainers, dietitians, and ad-
ministrators at Legacy Community Health Center (in particular,
K. Mahan and T. Ramirez-Miller); the Data Safety Monitoring
Board; the Investigational Pharmacy (in particular, Varsha Patel,
R.Ph.); Resa Labbe-Morris, R.N., and the nursing staff of the
Baylor General Clinical Research Center; the study coordinators
(in particular, G. Cardwell); the staff of the Atherosclerosis Core
Laboratory at Baylor College of Medicine; the patient recruiters;
and all the study participants.

J Clin Endocrinol Metab, July 2011, 96(7):2236–2247 jcem.endojournals.org 2245



Address all correspondence and requests for reprints to:
Ashok Balasubramanyam, M.D., Translational Metabolism
Unit, ABBR-607, Baylor College of Medicine, One Baylor Plaza,
Houston, Texas 77030. E-mail: ashokb@bcm.edu.

This work was supported by National Institutes of Health
(NIH) Grant RO1-HL73696 (to A.B.) and the Baylor College of
Medicine General Clinical Research Center (NIH R-0188). All
study drugs, including matching placebo pills, were provided at
no cost by Abbott Laboratories (Abbott Park, IL) at the request
of the investigators. Neither the NIH nor Abbott had any role in
the design or conduct of the study; collection, management, anal-
ysis, or interpretation of the data; or preparation, review, or
approval of the manuscript. Abbott asked to read a draft of the
manuscript before its submission for publication.

Clinical Trial Registration no. NCT00246376 (www.
ClinicalTrials.gov).

Disclosure Summary: C.M.B. has received the following
from Abbott: grant/research support (significant, �$10,000),
consultant fees (modest, �$10,000), and honoraria (modest,
�$10,000). None of the other authors has a potential conflict
of interest.

References

1. Carr A, Samaras K, Burton S, Law M, Freund J, Chisholm DJ, Coo-
per DA 1998 A syndrome of peripheral lipodystrophy, hyperlipi-
daemia and insulin resistance in patients receiving HIV protease
inhibitors. AIDS 12:F51–F58

2. Worm SW, Sabin C, Weber R, Reiss P, El-Sadr W, Dabis F, De Wit
S, Law M, Monforte AD, Friis-Møller N, Kirk O, Fontas E, Weller
I, Phillips A, Lundgren J 2010 Risk of myocardial infarction in pa-
tients with HIV infection exposed to specific individual antiretro-
viral drugs from the 3 major drug classes: the data collection on
adverse events of anti-HIV drugs (D:A:D) study. J Infect Dis 201:
318–330

3. d’Arminio A, Sabin CA, Phillips AN, Reiss P, Weber R, Kirk O,
El-Sadr W, De Wit S, Mateu S, Petoumenos K, Dabis F, Pradier C,
Morfeldt L, Lundgren JD, Friis-Moller N, Writing Committee of the
D:A:D Study Group 2004 Cardio- and cerebrovascular events in
HIV-infected persons. AIDS 18:1811–1817

4. Flynn TE, Bricker LA 1999 Myocardial infarction in HIV-infected
men receiving protease inhibitors. Ann Intern Med 131:548

5. Friis-Møller N, Weber R, Reiss P, Thiébaut R, Kirk O, d’Arminio
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