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Abstract

Gender-based differences in lipids have been noted in antiretroviral clinical trials. We present the metabolic and
anthropometric data from the GRACE (Gender, Race And Clinical Experience) study by gender. Treatment-
experienced adults received darunavir/ritonavir (DRV/r) 600/100 mg twice daily, plus a background regimen, over
48 weeks. Fasting blood samples were obtained for lipid, glucose, and insulin measurements at baseline and at weeks
24 and 48/early discontinuation. Anthropometric measurements were taken at baseline and at weeks 12, 24, and 48/
discontinuation. The Assessment of Body Change and Distress questionnaire was administered at baseline and
regular intervals. Descriptive statistics as well as comparisons using a Wilcoxon rank-sum test are reported. Four
hundred twenty-nine patients (women, n = 287; men, n = 142) enrolled in GRACE; 94 women (32.8%) and 33 men
(23.2%) discontinued the trial. Median changes in triglycerides from baseline to week 48 were higher in men (25 mg/
dL versus 8 mg/dL; p = 0.006); the mean change in triglycerides was higher in men than in women in all racial
subgroups. Other lipid and glucose level changes were similar between genders. Anthropometric parameters in-
creased for both genders, with larger increases in women. Patients’ perceptions of body changes concurred with
physical measurements. The proportion of women who were ‘‘satisfied’’ or ‘‘very satisfied’’ with their bodies in-
creased from 45.2% to 57.8% from baseline to week 48 ( p = 0.005), while the proportion of men who were ‘‘satisfied’’
or ‘‘very satisfied’’ with their bodies increased from 56.3% to 61.5% from baseline to week 48 ( p = 0.317). DRV/r-based
therapy was associated with small to moderate changes in metabolic parameters, and few between-gender differences
were observed. Levels of self-reported, body-related distress improved for women and men over 48 weeks.

Introduction

Antiretroviral (ARV) agents have differing effects on
metabolic and anthropometric parameters.1–3 Some

protease inhibitors (PIs) have been independently associated
with hyperglycemia, hypercholesterolemia, hypertriglycer-
idemia, and weight gain. Ritonavir, for example, has been
more strongly associated with hypertriglyceridemia than
have other PIs,2 and fosamprenavir/ritonavir and lopinavir/
ritonavir have been associated with greater increases in total
cholesterol and triglycerides than other boosted PIs.3

Gender-based differences in lipid parameters with ARV
therapy have been noted in clinical trials in treatment-naı̈ve

and treatment-experienced HIV-infected patients.4–7 For in-
stance, men receiving ARV therapy are more commonly re-
ported to develop hypertriglyceridemia compared to
women.5–7 Few of these trials, however, have enrolled a
population of women large enough to draw definitive gender-
based conclusions regarding metabolic effects of individual
ARV agents.

Women, particularly women of color, have been historically
underrepresented in ARV clinical trials.8,9 In order to allow
for between-gender comparisons of efficacy and safety of
darunavir/ritonavir (DRV/r)-based therapy in treatment-
experienced patients, the GRACE (Gender, Race And Clinical
Experience) study enrolled 67% (n/N = 287/429) women.10 In
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GRACE, 50.9% of women and 58.5% of men in the intent-to-
treat–time-to-loss of virologic response analysis achieved vi-
rologic response (HIV-1 RNA < 50 copies per milliliter). In the
time-to-loss of virologic response–nonvirologic failure cen-
sored analysis, which censored patients who discontinued for
reasons other than virologic failure, 73% of women and 73.5%
of men achieved a response. Few differences were seen be-
tween genders with regard to adverse events (AEs).10 A pre-
vious study has demonstrated that DRV has a favorable
metabolic profile in treatment-naı̈ve HIV-1–positive patients11;
the results from this study, however, were not stratified by
gender. Here we present the week 48 metabolic and anthro-
pometric data from the GRACE study according to gender.

Methods

Study design and patients

GRACE was a multicenter, open-label, Phase IIIb study
conducted over a 48-week period at 65 study sites primarily
located within the United States, with a few sites in Canada
and Puerto Rico. Treatment-experienced adults (HIV-1 RNA
‡ 1000 copies per milliliter at screening) received DRV/r 600/
100 mg twice daily plus an optimized background regimen
that was chosen based on treatment history and resistance
testing (virco�TYPE HIV-1; Virco, Mechelen, Belgium). The
use of antidiabetic agents and lipid-lowering agents other
than lovastatin, simvastatin, and pravastatin was permitted

Table 1. Baseline Demographics and

Disease Characteristics

Women
(n = 287)

Men
(n = 142)

p
Valuea

Mean (SE) age, years 41.7 (0.63) 45.2 (0.75) 0.0005b

Race, n (%) 0.0110c

Black 191 (66.6) 73 (51.4)
Hispanic 60 (20.9) 36 (25.4)
White 34 (11.8) 31 (21.8)
Other 2 (0.7) 2 (1.4)

Disease and treatment characteristics
Mean (SE) duration

of infection, years
10.9 (0.32) 12.2 (0.49) 0.0279b

Mean (SE) viral load,
log10 copies/mL

4.65 (0.05) 4.73 (0.07) 0.8813b

Median (range) CD4 +

count, cells/mm3
210 (1, 868) 175 (2, 1125) 0.0498d

CDC Class C, n (%) 102 (35.5) 67 (47.2) 0.0202b

‡ 2 prior PIs, n (%) 168 (58.5) 92 (64.8) 0.2123b

Hepatitis B surface
antigen (positive), n (%)

12 (4.2) 7 (4.9) 0.7229b

Hepatitis C antibody
(positive), n (%)

39 (13.6) 25 (17.6) 0.2718b

Lipid-lowering therapy,
n (%)

18 (6.3) 15 (10.6) 0.1165b

Antidiabetic therapy,
n (%)

18 (6.3) 7 (4.9) 0.5765b

aBetween-gender comparison.
bt test (unequal variances).
cv2 test.
dKruskall-Wallis test.
SE, standard error; CDC, US Centers for Disease Control and

Prevention; PI, protease inhibitor.
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during the study. Study visits and inclusion/exclusion criteria
have been described.10

Study evaluations

Fasting blood samples were obtained for lipid, glucose, and
insulin measurements at baseline, week 24, and week 48/
early discontinuation (DC). Lipid assessments included total
cholesterol, triglycerides, low-density lipoprotein (LDL; di-
rect), and high-density lipoprotein (HDL). Lipid abnormali-
ties were categorized as either above or below the United
States National Cholesterol Education Program classifications
for the borderline, or most conservative, cutoffs for each
parameter.12

Anthropometric measurements were taken at baseline,
week 12, week 24, and week 48/DC. Measurements included
weight, body mass index (BMI), and waist and hip circumfer-
ence. The Assessment of Body Change and Distress (ABCD)
questionnaire was administered at baseline and at weeks 4, 12,
24, 36, and 48/DC. The questionnaire had a recall period of 4
weeks and comprised 27 self-reported questions, which mea-
sured patients’ perceived body changes, physical and emo-
tional distress, social concerns, and health behavioral changes.

Statistical methods

Descriptive statistics for lipid, glucose, and insulin analyses
are reported for the intent-to-treat population. The change in
lipid parameters was a predefined secondary end point and
was additionally investigated using nonparametric methods
with a Wilcoxon rank-sum test. All patients with fasting lipid
values were included.

Results

Patient population and baseline characteristics

A total of 429 (women, n = 287; men, n = 142) patients were
enrolled in GRACE and received at least one dose of study
drug (Table 1). At baseline, women were on average younger

and had a higher median BMI than men (Table 1). Women
also had less advanced disease at baseline, demonstrated by
higher median CD4 + counts and a lower proportion of US
Centers for Disease Control and Prevention Class C disease,
compared to men. Men had higher triglyceride levels than
women at baseline (Table 2), and a higher proportion of men
than women were on lipid-lowering therapy (Table 1). Ad-
ditionally, a higher proportion of men were white, compared
to women, while a higher proportion of women were black,
compared to men. Overall, 94 women (32.8%) and 33 men
(23.2%) were discontinued from the trial.10 No lipid-, glucose-,
or anthropometric-associated AE led to study discontinua-
tion, with the exception of weight gain in one woman.

Lipid- and glucose-associated laboratory abnormalities

The median change in fasting lipid- and glucose-associated
levels from baseline to week 48 was similar between women
and men, with the exception of triglycerides, which were
higher in men than in women (25 versus 8 mg/dL, p = 0.006;
Table 2); the mean change in triglycerides was higher in
men than in women in all racial subgroups. The difference
in changes from baseline to week 48 between genders was
nonsignificant for other lipid- and glucose-associated levels.
The majority of worst-grade lipid- and glucose-associated
fasting laboratory abnormalities were grade 1–2 in women
(168/185; 90.8%) and men (122/142; 85.9%). The incidence of
grade 3 or 4 fasting triglyceride elevations was higher in men
(n = 11, 9.2%) versus women (n = 1, 0.5%); the difference in
incidence of grade 2–4 fasting triglyceride elevations between
men and women was even more pronounced at 14.1% (n = 20)
and 1.4% (n = 4), respectively. In total, 6 women (2.2%) and 4
men (2.9%) developed treatment-emergent grade 3 or 4 hy-
perglycemia, 10 women (4.6%) and 5 men (4.2%) developed
grade 3 or 4 total cholesterol elevations, and 62 women
(28.4%) and 26 men (21.7%) developed above-normal levels of
LDL (directly measured). Rates of lipid levels above US Na-
tional Cholesterol Education Program thresholds were similar
between men and women (Fig. 1). Percentages of women and

FIG. 1. Treatment-emergent, lipid-associated laboratory abnormalities graded according to the NCEP criteriaa. NCEP cri-
teria12: triglycerides ‡ 150 mg/dL, total cholesterol ‡ 200 mg/dL, HDL £ 40 mg/dL for men and £ 50 mg/dL for women, and
LDL ‡ 130 mg/dL. bNumber of subjects with indicated tests. cDirect. NCEP, National Cholesterol Education Program; TRIG,
triglycerides; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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men starting lipid-lowering therapy while on study were 3.1%
and 4.9%, respectively, and starting antidiabetic therapy were
1.0% and 2.1%, respectively.

Anthropometric measurements
and associated adverse events

Over 48 weeks, an increase in anthropometric parameters
was seen in both genders, with larger increases observed in
women compared to men (Table 3). Median (range) waist size
increased by 2.5 ( - 50.8, 25.4) cm among women compared to
1.3 ( - 17.8, 24.1) cm for men. For women, changes in weight,
BMI, and waist and hip circumference from baseline to week
48 were statistically significant (Table 3). There was no change
in waist-to-hip ratio over 48 weeks in either gender. The most
frequent anthropometric-associated AEs (observed in more
than 5 patients) were increased weight in 11 women (3.8%)
and 3 men (2.1%), anorexia in 3 women (1.0%) and 4 men
(2.8%), and decreased weight in 2 women (0.7%) and 4 men
(2.8%). The majority of these AEs were grade 1–2; 3 cases of
grade 3–4 decreased weight (1 woman and 2 men) and 1 case
of grade 3–4 increased weight (1 woman, 16.1 kg) were re-
ported. In a post hoc analysis of covariance, both change in
CD4 + cell count over 48 weeks and baseline BMI were inde-
pendently associated with an increase in weight over 48
weeks. Interestingly, lower baseline BMIs were associated
with larger increases in weight over the study period.

Within the population enrolled in GRACE, some women
and men experienced extreme changes in weight (range: - 18.1,
29.0 kg) and anthropometrics (change in waist circumference,
range: - 50.8, 25.4 cm) from baseline to week 48. When the
population of patients that gained greater than 7% of their
baseline body weight (women, n = 82 [28.6%]; men, n = 34
[23.9%]) was compared to the overall population, few differ-
ences in baseline parameters were found. However, at baseline,
patients with large weight gains had lower mean CD4 + counts
(156 versus 219 cells/mm3), slightly higher mean log10 HIV
RNA counts (4.8 versus 4.7 copies per milliliter), and lower
mean weights (74.9 versus 76.2 kg) than the overall GRACE
population.

Assessment of body change
and Distress questionnaire

Patients’ perceptions of body changes concurred with
physical measurements, reflecting the weight gain reported
during GRACE; at week 48, more women than men reported
that their belt or waist size had increased (Fig. 2A). At week
48, a higher proportion of men and women reported that they
had gained fat at the back of their necks, and that their chest or
waist size increased, compared to the proportions reporting
these effects at baseline. Additionally, the proportion of both
genders reporting that their cheeks had sunken in or that they
had lost fat from their arms/legs or ‘‘butt’’ was lower at week
48 compared to baseline. Overall, a higher proportion of both
genders were ‘‘satisfied’’ or ‘‘very satisfied’’ with their bodies
after 48 weeks compared to baseline (women, 57.8% versus
45.2% [p = 0.005]; men, 61.5% versus 56.3% [p = 0.317]; Fig. 2B).
Self-reported, body-related distress generally decreased or
remained constant during the study for women; for men,
body-related distress remained relatively constant, although a
greater proportion of men reported feeling less confident or
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afraid of disclosure of their HIV status at week 48 compared to
baseline.

Discussion

Overall, few differences were seen in GRACE between
genders with respect to metabolic parameters or anthropo-
metric measurements. The incidence of grade 3–4 fasting
laboratory abnormalities or grade 3–4 anthropometric-
associated AEs was low in both genders. Fasting triglyceride
elevations were more common in men than women, as
has been observed in other ARV trials that enrolled either
treatment-naı̈ve or treatment-experienced patients.4–7 The
incidence of LDL elevations was numerically higher in
women than men; this is supported by the cross-sectional
FRAM (Fat Redistribution And Metabolic change) study,
which recently demonstrated that HIV-infected women had
higher LDL levels compared to uninfected women. In con-
trast, HIV-infected men had lower LDL levels than uninfected
men,13,14 suggesting the LDL elevations may be more preva-
lent in HIV-infected women than men.

Women generally experienced larger increases in weight
and other anthropometric measurements than men, in line
with other ARV studies.15,16 Hormonal differences between
genders may be a contributing factor to weight gain.17 A
study that assessed the effect of PIs in mice with elevated
cholesterol suggested that the observed gender-specific dif-
ferences in weight changes were influenced by sex hormones;
removal of the female sex hormones eliminated the dis-
crepancies in weight change between genders.17 Regardless of
the larger increases in some metabolic and anthropometric
parameters in women, there was no change in waist-to-hip
ratio for women or men over the 48-week study, suggesting
that weight gain was proportional for both genders. The
subset of GRACE patients who gained greater than 7% of their

baseline body weight over 48 weeks were sicker at baseline
than the overall population, as indicated by CD4 + counts,
viral loads, and lower body weights. These findings are con-
sistent with the post hoc analysis of covariance performed on
all GRACE patients that showed that both change in CD4 +

cell count over 48 weeks and lower baseline BMI were inde-
pendently associated with an increase in weight over 48
weeks. Taken together, these data support that the large
weight gain seen in this subpopulation may be an indication
of a return to health for these patients.

Patients’ perceptions of body change were consistent with
changes in physical measurements; more women than men
reported an increase in belt or waist size over the 48-week
study. The management of weight gain and patients’ per-
ception of weight gain is important, particularly in women; an
assessment of 1671 women from the Women’s Interagency
HIV Study has shown that women who perceive central fat
gain, particularly in the abdomen, are at risk for decreased
adherence to ARV therapy.18 Minimizing weight gain,
therefore, may contribute to improving ARV adherence. It has
been demonstrated that the reported prevalence of body
shape changes and lipodystrophy varies greatly depending
on the definition applied, as well as the individual or methods
used to assess the changes.19,20 One study showed that al-
though physician-based analyses of body changes in 159 HIV-
infected men reported a lipodystrophy prevalence of 65%,
only 19% and 21.3% of the patients themselves self-reported
lipodystrophy and lipoatrophy, respectively.19 This suggests
that it is important to not only monitor body changes in HIV-
infected populations, but also to follow patients’ perceptions
of their body changes, as these may or may not align with
clinical observations.

Despite increases in weight and other anthropometric mea-
sures, overall, self-reported, body-related distress, as reported
by the ABCD questionnaire, remained the same or decreased

FIG. 2. Results of the As-
sessment of Body Change and
Distress questionnaire: A: Yes
versus no.
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Patients with response, %
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FIG. 2. Continued. B: Categorical. BL, base-
line; Wk, week.
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over the course of DRV/r treatment for both women and men;
more patients were satisfied or very satisfied with their bodies
at week 48 compared to baseline. This may partially be ex-
plained by the decreased rate of reported arm/leg and butt fat
loss at week 48 compared to baseline being viewed by some
patients as a sign of improved overall health. Additionally, few
patients considered discontinuing treatment or switching to an
alternate ARV due to body-related distress. It is important to
note, however, that close to 25% of the study patients were
unsatisfied with their bodies at 48 weeks.

Although the assessment of gender-based differences in
metabolic and anthropometric parameters and self-reported
body distress were not the primary objectives of the GRACE
study, the proportion of women enrolled, nonetheless, allows
for a robust interpretation of gender-based outcomes. One
limitation of this trial may be the relatively short duration of
follow-up; it may be necessary to evaluate changes beyond 48
weeks in order to fully evaluate gender-based differences in
the changes in anthropometric parameters. In addition, no
adjustments were made for differences in baseline character-
istics, which may have affected metabolic and anthropometric
parameters. For example, the younger average age of women
compared to men at baseline could be independently associ-
ated with lower triglyceride levels; likewise, the more ad-
vanced disease in men compared to women at baseline may
suggest that their greater increase in triglyceride levels over 48
weeks is due to a return to health. Finally, this study did not
investigate the impact of race/ethnicity, dietary intake, alco-
hol use, or other potential contributors to metabolic and an-
thropometric changes.

As weight gain and changes in anthropometric parameters
have implications in tolerability and, possibly, adherence,
future studies should be designed to detect gender-based
differences and should further investigate the physiologic
mechanisms leading to the larger increases in weight in wo-
men and triglycerides in men that were observed in GRACE
and reported in other studies. A longer follow-up period for
anthropometric parameters, as well as treatment adherence,
would be beneficial.

In the GRACE study, DRV/r-based therapy was associated
with small to moderate changes in metabolic parameters, and
few between-gender differences were observed. The levels of
self-reported, body-related distress improved for women and
men over the course of the study, suggesting that DRV/r-
based therapy is well tolerated by patients.
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