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The objective of this study was to determine whether physi-
ological testosterone replacement increases fat-free mass
(FFM) and muscle strength and contributes to weight main-
tenance in HIV-infected women with relative androgen defi-
ciency and weight loss. Fifty-two HIV-infected, medically sta-
ble women, 18-50 yr of age, with more than 5% weight loss over
6 months and testosterone levels below 33 ng/dl were random-
ized into this double-blind, placebo-controlled trial of 24-wk
duration. Subjects in the testosterone group applied testos-
terone patches twice weekly to achieve a nominal delivery of
300 pg testosterone over 24 h. Data were evaluable for 44
women. Serum average total and peak testosterone levels in-
creased significantly in the testosterone group, but did not
change in the placebo group. However, there were no signif-
icant changes in FFM (testosterone, 0.7 + 0.4 kg; placebo, 0.3 =
0.4 kg), fat mass (testosterone, 0.3 = 0.7 kg; placebo, 0.6 = 0.7

kg), or body weight (testosterone, 1.0 = 0.9 kg; placebo, 0.9 =
0.8 kg) between the two treatment groups. There were no
significant changes in leg press strength, leg power, or muscle
fatigability in either group. Changes in quality of life, sexual
function, cognitive function, and Karnofsky performance
scores did not differ significantly between the two groups.
High-density lipoprotein cholesterol levels decreased signif-
icantly in the testosterone group. The patches were well tol-
erated. We conclude that physiological testosterone replace-
ment was safe and effective in raising testosterone levels into
the mid to high normal range, but did not significantly in-
crease FFM, body weight, or muscle performance in HIV-
infected women with low testosterone levels and mild weight
loss. Additional studies are needed to fully explore the role of
androgens in the regulation of body composition in women.
(J Clin Endocrinol Metab 90: 1531-1541, 2005)

N THE UNITED STATES, women represent one of the
fastest growing populations infected with HIV (1). AIDS
is the fourth leading cause of death in women aged 1845 yr.
With the advent of highly active antiretroviral drugs, the
prevalence of wasting has decreased in the U.S. and other
developed countries; however, wasting is still one of the most
prevalent complications of HIV infection worldwide (2-5).
Weight loss in HIV-infected individuals is characterized by
depletion in both lean and fat compartments (6) and is an
important predictor of mortality, disability, and opportunis-
tic infections (4, 7).

There is a high prevalence of low testosterone levels in
HIV-infected women (8, 9). Serum free testosterone levels are
also lower in HIV-infected women with wasting than in
those without weight loss (9). Several randomized, placebo-
controlled trials have shown that testosterone supplemen-
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tation leads to gains in lean body mass, body weight, and
muscle strength in HIV-infected men with weight loss and
low testosterone levels (10-16). In a pilot study of HIV-
infected women (17), testosterone replacement was associ-
ated with a positive trend in weight gain, although changes
in fat-free mass (FFM) were not significantly different be-
tween the placebo and testosterone groups. A follow-up
study by Dolan et al. (18) among HIV-infected women with
weight loss also revealed clinically insignificant increases in
muscle strength and no significant increases in muscle mass
among women treated with testosterone. However, the dose
of the testosterone patch used in that study (18) (nominal
testosterone delivery, 150 pg daily) was relatively small and
raised serum testosterone concentrations into the middle of
the normal female range.

The purpose of this study was to determine whether tes-
tosterone administration in doses (nominal delivery, 300 ug
daily) that raise serum testosterone concentrations into the
high end of the normal female range in HIV-infected women
with relative androgen deficiency (serum testosterone levels
less than the median) and weight loss will increase FFM,
improve muscle performance, and promote weight mainte-
nance and improved health-related quality of life (HRQOL).
The 300-ug dose was selected because it approximates the
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daily testosterone production rate in young, menstruating
women and increases serum testosterone concentrations in
HIV-infected women into the high end of the normal range
for healthy, menstruating women (19).

Subjects and Methods
Informed consent

The protocol and statement of informed consent were approved by
the institutional review boards of Charles Drew University of Medicine
and Science and Harbor-University of California-Los Angeles Research
and Education Institute. Written informed consent was obtained from
each patient before entry into the study.

Study design

This was a single-site, double-masked, placebo-controlled, random-
ized trial in which the 24-wk treatment phase was preceded by a 2-wk
screening and control period. Women who met the inclusion criteria
were randomly assigned to either the control (group I) or treatment
(group II) group. Group I received two placebo patches applied twice
weekly, and group II received two testosterone patches applied twice
weekly. We have shown previously that this testosterone regimen, de-
signed to achieve a nominal testosterone delivery of 300 ug over 24 h,
raises serum testosterone concentrations in HIV-infected women into
the mid to high normal range for healthy, menstruating women.

Study participants

All participants were ambulatory, premenopausal HIV-infected
women, 18-50 yr of age, who had lost 5-15% of their usual weight in
the preceding 6 months. To be eligible for the study, subjects also had
relative androgen deficiency, defined as early morning, serum testos-
terone level of less than 33 ng/dl, which is the median for normal
premenopausal women in our laboratory (8). Exclusion criteria included
the presence of any acute infectious illness, malignant neoplasm, fever,
grade 3 or 4 diarrhea, significant cardiovascular or liver disease, un-
controlled hypertension, diabetes, respiratory disease, breast or endo-
metrial cancer, hyperandrogenic disorders such as hirsutism and poly-
cystic ovary disease, or history of previous intolerance to other
transdermal systems. We also excluded patients with current or recent
(last 6 months) use of illicit drugs. Those with aspartate aminotrans-
ferase, alanine aminotransferase, or alkaline phosphatase levels more
than three times the upper limit of normal or serum bilirubin levels
greater than 2 mg/dl were excluded. Women who were pregnant, seek-
ing to become pregnant in the next 6 months, or breast feeding were also
excluded. Those who were receiving or had received in the preceding
3 months drugs known to affect testosterone production or metabolism,
such as ketoconazole, Megace, and/or anabolic/androgenic steroids,
were excluded. Women taking stable retroviral agents or protease in-
hibitors (i.e. for longer than 12 wk before the study) were allowed to
continue to use these same medications, and the others were advised not
to initiate protease inhibitors 12 wk before or during the course of the
treatment period.

Randomization

Subjects who met the eligibility criteria were assigned to receive either
the placebo or testosterone patches, based on a randomization scheme
using a block size of six.

Drug administration

Two testosterone (Watson Pharmaceuticals, Corona, CA) or two pla-
cebo patches were applied to the abdominal skin every 3-4 d in a twice
a week regimen for 24 wk. The women were given a 4-wk supply of
patches at a time, including four extra patches. The subjects were asked
to return all used and unused patches. Compliance with drug therapy
was monitored by counting the returned patches. All concomitant med-
ications taken and any side-effects experienced during the study were
recorded.

Choi et al. ® Testosterone Replacement in HIV-Infected Women

Outcome measures

The primary efficacy variable was change in FFM, measured using
dual energy x-ray absorptiometry (DEXA), from baseline to the end of
the 24-wk treatment period. Secondary efficacy variables included
changes in body weight, whole body lean and fat mass, appendicular
skeletal muscle mass, muscle strength, leg power, muscle fatigability,
QOL, and Karnofsky performance scores. These outcomes were mea-
sured at baseline and after 12 and 24 wk of treatment.

On several occasions during the control and treatment periods, serum
total and free testosterone levels were measured as markers of androgen
bioavailability and serum LH, FSH, and SHBG levels were measured as
independent markers of androgen action. The absolute number and
percentage of CD4/CD8 counts and plasma HIV viral titers by quan-
titative PCR were measured at baseline and during wk 24 of the treat-
ment period. The subjects were asked about and examined for adverse
effects related to testosterone administration and skin tolerability of the
patches every 4 wk. Hair growth was evaluated using the Ferriman and
Galloway scale at baseline and during wk 6, 12, 18, and 24. Complete
blood counts, blood chemistries, and urinalysis were checked during the
control period and during wk 6, 12, 16, 20, and 24 of the study period.
Plasma total cholesterol, high density lipoprotein (HDL) cholesterol, low
density lipoprotein (LDL) cholesterol, and triglyceride levels were mea-
sured at baseline and during wk 12 and 24 of the treatment period.

Statistical analysis

Our primary efficacy variable, change in FFM from baseline to wk 24,
was analyzed using an intent to treat analytical approach. Thus, all
subjects in whom one posttreatment DEXA value was available were
included in the analysis. For subjects in whom wk 24 values were not
available, the last available value was carried forward. We also per-
formed a per-protocol secondary analysis including subjects who com-
pleted 12 and 24 wk of treatment. Changes in FFM and weight were
assessed at 12 and 24 wk posttreatment. Continuous data are reported
as the mean * sEmM, and categorical data are reported as frequency
tabulations. We used analysis of covariance, adjusting for baseline val-
ues to compare treatment groups in intent to treat analyses. For per-
protocol analyses of subjects who completed treatment, we used re-
peated measures ANOVA with treatment (placebo or testosterone) and
time in treatment (0, 12, or 24 wk) as the two factors. A two-tailed test
value of P < 0.05 was considered significant.

Sample size estimates were based on the data from ongoing studies
in Dr. Bhasin’s laboratory, which demonstrated that replacement doses
of testosterone induced an average 10% increase in FFM in otherwise
healthy hypogonadal men over a 10-wk treatment period. Based on
variance in that small sample (n = 7 hypogonadal men), power analysis
indicated that 15 subjects/group would allow us to detect a 3-4%
difference in lean body mass in the testosterone-treated group with 80%
power at P < 0.05.

Methods

DEXA (QDR 4500A, Hologic Corp., Waltham, MA) was used to
measure total body FFM and fat mass as well as appendicular and trunk
fat and lean mass. The DEXA scanner was calibrated weekly using the
manufacturer’s body composition analysis step phantom (20, 21). Ap-
pendicular fat and lean masses were determined by adding the respec-
tive bilateral arm and leg masses (21, 22). Skeletal muscle mass was
estimated from appendicular muscle mass (23).

Total testosterone levels were measured by an RIA that uses iodinated
testosterone as tracer (8). The sensitivity, defined as hormone concen-
tration corresponding to 90% B/B, [percent bound in presence (B) and
absence (B,) of analyte] point, was 0.008 nmol/liter (0.22 ng/dl). The
intra- and interassay coefficients of variation were 13.2% and 8.2%,
respectively.

The RIA was validated against liquid chromatography-tandem mass
spectrometry (LC-MS/MS) method. To 200-ul aliquots of standards or
serum, we added 20 ul internal standard d3-testosterone. The samples
were then extracted with methyl-tert-butyl ether, and the solvent was
evaporated under nitrogen and redissolved for derivatization in 300 ul
hydroxylamine solution (1.5 mol/liter; pH 9). The derivatized testos-
terone was extracted with solid phase extraction columns (Strata X TM,
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Phenomenex, Torrance, CA) and eluted with methyl-tert-butyl ether.
The solvent was evaporated, and the residue was reconstituted in the
mobile phase and analyzed on a triple-quadrupole mass spectrometer
(API 3000 OO, Applied Biosystems/MDS Sciex, Foster City, CA)
equipped with Turboionspray ionization source. The chromatographic
separation was performed on 50 X 2.0-mm Phenomenex Luna C,4 5-um
columns. The mobile phase consisted of 70% methanol and 30% water
containing 22 mmol/liter formic acid (24). Mass transitions monitored
for testosterone were m/z 304 to 124 and 304 to 112, and those for
d3-testosterone were m/z 307 to 124 and 307 to 112. A quantitative
calibration was performed with every batch of samples with calibration
standards prepared in 1% BSA at concentrations of 0.35, 1.73, 3.46, and
6.92 nmol/liter. The calibration in conjunction with the intensity of the
transitions of internal standards was used to calculate testosterone con-
centrations in unknown samples. The limit of detection was 0.035 nmol/
liter (1 ng/dl), and intra- and interassay coefficients of variation were
less than 15.4% and 9.1% at concentrations less than 1.05 nmol/liter,
respectively, and 8.3% and 5.7%, respectively, at higher concentrations.

The RIA and LC-MS/MS methods were compared by analyzing
samples prepared in charcoal-stripped serum to which known amounts
of testosterone had been added. These measurements demonstrated a
correlation of 0.997 between the RIA and LC-MS/MS measurements. At
some time points (baseline and last treatment day) where sufficient
volume of serum was available, we also performed measurements of
total testosterone concentrations by LC-MS/MS (24). Because of the
limited sample volume, it was not always possible to perform LC-
MS/MS and RIA on the same samples.

Free testosterone levels were measured by a sensitive equilibrium
dialysis method (8), optimized to measure low concentrations with
precision and accuracy. The sensitivity of the free testosterone assay is
0.6 pg/ml (2.0 pmol/liter), and the intra- and interassay coefficients of
variation were 4.2% and 12.3%, respectively. Serum LH, FSH, and SHBG
levels were measured by immunofluorometric assays (Delfia-Wallac,
Gaithersburg, MD), with sensitivities of 0.05 U/liter, 0.15 U/liter, and
6.25 nmol/liter, respectively (20, 25). Intra- and interassay coefficients
of variation were 10.7% and 13.0% for LH, 3.2% and 11.3% for FSH,
and 10.0% and 10.2% for SHBG, respectively. Serum estradiol levels
were measured by RIA with a sensitivity of 7.2 pmol/liter (2.5 pg/ml),
and intra- and interassay coefficients of variation of 8% and 10%,
respectively.

Measurement of muscle performance and
stair-climbing power

We measured maximal voluntary strength in the leg press exercise by
the one-repetition maximum (1-RM) method using Keiser leg press
machine (Keiser Sport, Fresno, CA) (26). 1-RM was defined as the max-
imum amount of weight that a subject was able to lift once and only once
using a Keiser seated leg press machine with pneumatic resistance (26).
Immediately after a familiarization and warm-up period, subjects were
positioned on the leg press machine with position measurements re-
corded for subsequent testing. The initial load was set at 50% of the
subject’s estimated 1-RM using reference values established in our lab-
oratory. Subjects were first asked to perform eight repetitions of the leg
press exercise at this load. After 1 min of rest, the subjects performed four
repetitions at a load that was increased by approximately 20 kg. After
a 2-min rest period, the load was increased progressively until the 1-RM
was identified as the greatest amount of weight lifted through the
complete range of motion. Strength tests were conducted in duplicate on
nonconsecutive days, with scores required to be within 5%. Failure to
meet this criterion required a third test. Only 15% of our subjects re-
quired a third test, and none required a fourth.

Power in the lower extremity was assessed using a leg extensor power
rig (26). After an instruction period, Subjects performed five to 10 trials
of right leg and hip extension, attempting to generate as much force as
possible, accelerating the weighted flywheel from rest. The highest
power score (watts) observed during these trials was recorded.

Muscle fatigability refers to the ability to sustain a submaximal con-
traction or to make repetitive dynamic contractions before fatiguing. The
Keiser leg press was used for this test with the resistance set at 75% of
subjects’ pretreatment 1-RM. The criterion measure was total number of
repetitions to failure, with failure defined as the inability to complete a
repetition through the complete range of motion.
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101 Screened for Eligibility

52 Randomized

26 assigned to testosterone
group

26 assigned to placebo
group
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20 completed 24-weeks of
study

22 completed 12-weeks of
study

18 completed 24 weeks of
study

Fic. 1. Flow of subjects through the study.

Stair-climbing power was measured using Margaria-Kalaman power
test, which requires subjects to run up a staircase as fast as possible with
time recorded by activation of switchmats on the 8th and 12th stairs. The
power is calculated by dividing the time elapsed between switchmats
into the product of the body weight, the vertical distance between
switchmats, and the acceleration of gravity (9.8 m/secsec). Test-retest
reliability is 0.85 with coefficients of variation of 2% over a period of 5
wk. Photoelectric cells interfaced with timers were used to record time.
The time for the best of three trials was recorded.

QOL assessment

We assessed HRQOL using a previously developed, self-report in-
strument (29-31) that assesses physical functioning (10 items), role lim-

TABLE 1. Baseline characteristics

Placebo Testosterone

Measurement (0 = 26) @ = 26) P value
Age (yr) 0.872
18-30 2 3
31-40 12 12
41-50 12 11
Race 0.242
White 6 3
Black 17 15
Hispanic 3 8
Weight (kg) 68.8 (3.5) 64.3 (2.2) 0.275
Height (in.) 64.3 (0.6) 63.2 (0.9) 0.836
BMI (kg/m?) 26.3 (1.1) 24.6 (0.9) 0.241
Lymphocyte counts
CD4 counts (322-1932 392 (81) 481 (63) 0.391
cells/mm?)
CD4 % (25-55) 23 (2) 25 (2) 0.626
CD8 counts (189-854 794 (71) 839 (75) 0.660
cells/mm?)
CD8 % (15-39) 51(2) 48 (2) 0.317

All data are the mean (=sEm). BMI, Body mass index.
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itations due to physical health problems (four items), social functioning
(two items), bodily pain (two items), general mental health (five items),
role limitations due to emotional problems (three items), vitality (four
items), and general health perceptions (five items). Scales were scored
on a 0-100 possible range, with higher scores indicating better HRQOL.
Reliability estimates for these scales have been high (exceeding 0.7), and
extensive support for their construct validity has also been documented
(31).

We also assessed two additional aspects of HRQOL, namely, sexual
function (four items) and cognitive function (three items). Sexual func-
tion was assessed by asking “how much of a problem was each of the
following during the last 30 d?” for each of four statements rated on a
five-point scale: lack of sexual interest, frequency of sexual activity,
difficulty in becoming sexually aroused, and difficulty in enjoying sex-
ual activity. Cognitive function was measured by asking “how much of
the time during the last 30 d” for each of three questions. 1) Did you have
trouble keeping your attention on an activity for long? 2) Did you have
difficulty reasoning and solving problems? 3) Did you forget things that
have happened? Each of these cognitive items was assessed on a six-
point categorical response scale. Sexual and cognitive function scales
were also scored on a 0-100 possible range, with higher scores indicating
better sexual and cognitive function. These items were derived from
measures developed in the Medical Outcomes Study (www.rand.org/
health/surverys.html).
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Results
Study subjects

Fifty-two HIV-infected women who met the eligibility cri-
teria were randomly assigned to either the placebo (group I)
or testosterone (group II) group (Fig. 1). Forty-four women
completed 12 wk of study (22 in placebo group and 22 in
testosterone group), and 38 women completed 24 wk of the
study (18 in placebo group and 20 in testosterone group). The
two groups were similar with respect to age, race, baseline
weight and height, serum testosterone levels, and CD4/CD8
lymphocyte counts before treatment (Table 1). Baseline total
and free testosterone levels were comparable between the
testosterone and placebo groups.

Compliance

There was no significant difference in the compliance rate,
based on patch counts, between the groups (P = 0.63). Com-
pliance rates were 97% in the placebo group and 96% in the
testosterone group.

o1 I

Change in Average Free T (Mean+-1SE pg/ml) ()

Testosterone Placebo

6

| o

Flacebo

Change in Maximum Free T (Mean+-1SE pg/ml) O

Testosterone

Fic. 2. Changes in average total testosterone levels (A), maximum total testosterone levels (B), average free testosterone levels (C), and
maximum free testosterone levels (D) between subjects in the testosterone and placebo groups. Each of these measures of testosterone levels
increased significantly in the testosterone group compared with the placebo group (P < 0.005). To convert serum total testosterone concentrations
from nanograms per deciliter to nanomoles per liter, multiply serum concentrations in nanograms per deciliter by 0.0347. To convert serum
free testosterone concentrations from picograms per milliliter to picomoles per liter, multiply the serum concentrations in picograms per milliliter

by 3.47.
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Hormone levels

At baseline, the testosterone levels of the placebo group
did not differ significantly from those of the testosterone
group according to RIA data (testosterone, 19.7 + 3.3 ng/dl;
placebo, 12.3 = 12.0 ng/dlL; P = 0.064). Baseline testosterone
levels; assessed by mass spectrometry; did not differ between
groups (testosterone, 28.9 = 5.4 ng/dl; placebo, 20.4 * 2.0
ng/dl; P = 0.156). Baseline free testosterone levels did not
significantly differ between the groups (testosterone, 3.8 *
0.7 pg/ml; placebo, 2.9 = 0.5 pg/ml; P = 0.313).

The average RIA testosterone levels during the treatment
period increased significantly in the testosterone group by
22.1 = 4.0 ng/dl, but did not change in placebo-treated
women (P < 0.005; Fig. 2 and Table 2). Maximum total
testosterone levels also increased significantly in the testos-
terone group, but not in the placebo group (testosterone,
54.1 = 9.6 ng/dl; placebo, 14.8 = 4.4 ng/dl; P = 0.001).
Changes in total testosterone levels assessed by LC-MS/MS
indicated significant increases in the testosterone, but not the
placebo, group (testosterone, 24.5 = 9.8 ng/dl; placebo,
—0.1 = 2.7 ng/dl; P = 0.024). The increments in serum
testosterone levels measured by RIA and LC-MS/MS were
not significantly different. Average free total testosterone
levels during the treatment period increased only in the
testosterone group (testosterone, 3.5 = 0.4 pg/ml; placebo,
—0.4 = 0.2 pg/ml; P < 0.005). Peak free testosterone levels
also increased in the testosterone group, but not in the pla-
cebo group (testosterone, 8.1 = 1.0 pg/ml; placebo, 1.6 = 0.6
pg/ml; P < 0.005).

TABLE 2. Hormone data

Variable Baseline Treatment Treatment
average peak
RIA total
Testosterone (ng/dl)
Placebo 12.3 (2.0) 14.6 (1.9) 27.8 (4.6)
Testosterone 19.7 (3.3) 41.9 (5.9) 73.2(10.4)
Free testosterone (pg/ml)
Placebo 2.9 (0.5) 3.2(0.5) 4.9 (0.7
Testosterone 3.8 (0.7) 7.2(0.8) 11.6 (1.2)
MS total
Testosterone (ng/dl)
Placebo 20.4 (2.0) 204 (2.5)
Testosterone 28.9 (5.5) 54.2 (9.0)
SHBG (nmol/liter)
Placebo 98.1(12.8) 94.6 (13.6)
Testosterone 79.4 (12.1) 74.6 (12.0)
FSH (Ulliter)
Placebo 12.0 (4.3) 11.6(3.9)
Testosterone 10.8 (4.3) 11.4 (3.8)

All data are means (£SEM). Average and maximum total testos-
terone levels and average and maximum free testosterone levels in-
creased significantly in the testosterone group (P < 0.005). No
changes were observed in SHBG or FSH levels. Average treatment
testosterone levels were calculated by computing the arithmetic mean
of serum testosterone levels on different treatment days in each sub-
ject and then averaging the values across subjects within each treat-
ment group. Because serum samples were not obtained at a specified
time after patch application, testosterone levels differed on different
treatment days. The peak testosterone level was defined as the max-
imal testosterone level during the treatment period. To convert serum
total testosterone concentrations from ng/dl to nmol/liter, multiply
serum concentrations in ng/dl by 0.0347. To convert serum free tes-
tosterone concentrations from pg/ml to pmol/liter, multiply the serum
concentrations in pg/ml by 3.47.
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As reported previously, serum baseline SHBG levels were
higher in these HIV-infected women than in those reported
previously in healthy, menstruating women. Changes in se-
rum SHBG levels were not significantly different between
groups (testosterone, —4.8 = 7.0 nmol/liter; placebo, —3.6 *
6.6 nmol/liter; P = 0.896). FSH levels also did not change
significantly in either group and did not differ between
groups (testosterone, 0.7 = 3.1 U/liter; placebo, —0.4 = 2.2
U/liter; P = 0.784).

Body weight and body composition data

Intent to treat analysis revealed no significant changes in
FFM from baseline to 24 wk between the two treatment
groups (testosterone, 0.7 * 0.4 kg; placebo, 0.3 £ 0.4 kg; P =
0.467; Fig. 3 and Table 3). FFM did not increase significantly
in the treatment group compared with the placebo group
using repeated measures ANOVA of values obtained at base-
line, wk 12, and wk 24 (P = 0.466). Whole body fat mass was
not significantly different between the two treatment groups
using either an intent to treat (testosterone, 0.3 = 0.7 kg;
placebo, 0.6 = 0.7 kg; P = 0.963) or per-protocol analysis. The
change in fat mass did not differ significantly between the
two treatment groups according to the per-protocol analysis
(P = 0.666). There were no significant differences in the
change in body weight between the two treatment groups
according to either the intent to treat (testosterone, 1.0 *+ 0.9
kg; placebo, 0.9 = 0.8 kg; P = 0.952) or per-protocol analysis
(P = 0.575). Changes in lean body mass were not different
between the testosterone (0.7 * 0.4 kg) and placebo (0.3 = 0.4
kg) groups by intent to treat (P = 0.470) or per-protocol (P =
0.453) analysis. Appendicular lean body mass also did not
show any difference in change between the testosterone
(0.3 = 0.2 kg) and placebo (0.1 = 0.2 kg) groups according to
intent to treat (P = 0.475) or per-protocol (P = 0.297) analysis.

Measures of muscle performance

Changes in maximal voluntary strength in the leg press
exercise (1-RM) did not differ between the two groups ac-
cording to intent to treat (testosterone, 9.6 = 3.8 kg; placebo,
10.5 = 5.1 kg; P = 0.950) or per-protocol analysis (P = 0.882;
Fig. 4 and Table 4). The changes in leg power, assessed on a
power rig, were not significant between groups by either
intent to treat (testosterone, 0.13 * 0.06 watts/kg; placebo,
0.00 + 0.05 watts/kg; P = 0.075) or per-protocol analysis (P =
0.701). Changes in stair-climbing power, measured by the
Margaria power test, were not significantly different be-
tween groups by either intent to treat (testosterone, 7.38 *
27.50 watts; placebo, —0.65 = 31.77; P = 0.65) or per-protocol
analysis (P = 0.85). Changes in muscle fatigability did not
differ significantly between the testosterone-treated (0.3 *
1.7 repetitions) and placebo-treated (0.9 * 1.7 repetitions)
women by either intent to treat (P = 0.882) or per-protocol
analysis (0.806).

QOL

There were no significant differences in the change in
HRQOL scores between treatment (0.84 = 4.48) and placebo
(5.41 = 5.10) groups by intent to treat analysis (P = 0.789).
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and in appendicular lean body mass at 12 wk (G) and 24 wk (H) between subjects in the testosterone and placebo groups. None of the changes

significantly differed between groups.

Per-protocol analysis also showed no different in change in
QOL (P = 0.847). None of the eight components of QOL
showed significant differences between the two groups (Ta-
ble 5).

Sexual function did not change according to intent to treat
(testosterone, 6.75 * 8.22; placebo, 12.81 = 7.29; P = 0.916)
and protocol (P = 0.723) analyses. Cognitive function scores
similarly showed a lack of change between groups (testos-
terone, 3.49 * 4.36; placebo, 2.00 * 4.62; intent to treat, P =
0.817; protocol, P = 0.747). Karnofsky performance scores did
not differ significantly between the two treatment groups by
either intent to treat (testosterone, 0.91 = 0.91; placebo,
—0.42 = 0.42; P = 0.325) or protocol (P = 0.729) analysis.

Adverse experiences

There were no serious testosterone-related adverse events
(Table 6). Fourteen women in the placebo group and 16
women in the testosterone group reported at least one ad-
verse event (P = 0.57). Seven women in each group experi-
enced at least one testosterone-related adverse event; the
most common was mild acne. There was one case of severe
acne in the testosterone group, which resolved by the end of

the study. There was no significant change in hirsutism
scores in either group, as evaluated by the Ferriman-Gallo-
way scale (intent to treat, P = 0.450). Changes in absolute
CD4 (intent to treat, P = 0.293) and percentage CD4 (intent
to treat P = 0.566) counts and both absolute CDS8 (intent to
treat, P = 0.913) and percentage (intent to treat, P = 0.710)
T lymphocyte counts were not significantly different be-
tween the two groups. The patches were well tolerated, and
there were no discontinuations due to skin irritation.

HDL cholesterol levels decreased significantly in the tes-
tosterone group (intent to treat, P = 0.042), whereas LDL
cholesterol (intent to treat, P = 0.207), total cholesterol (intent
to treat, P = 0.248), and triglycerides (intent to treat, P =
0.719) did not change significantly. HDL cholesterol de-
creased by an average of 6 = 2 mg/dl in the testosterone
group and increased by an average of 4 * 3 mg/dl in the
placebo group.

Hemoglobin levels did not change according to the intent
to treat analyses (testosterone, —3.11 = 1.88 g/liter; placebo,
8.17 + 4.74 g/liter; P = 0.32), although the per-protocol
analyses indicated increased hemoglobin levels in the pla-
cebo group compared with the testosterone group (P = 0.03).
Hematocrit levels did not differ by either intent to treat
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(testosterone, —0.01 * 0.01 liter/liter; placebo, 0.02 = 0.01
liter/liter; P = 0.29) or per-protocol analyses (P = 0.34).

Discussion

Our study demonstrated that testosterone replacement in
HIV-infected women with weight loss and low testosterone

TABLE 3. Body weight and body composition descriptive data

Variable Baseline Wk 12 Wk 24

Weight (kg)

Placebo 64.3 (2.2) 63.3 (2.7) 65.2 (2.6)

Testosterone 68.8 (3.5) 65.2 (3.7) 66.4 (3.5)
FFM (kg)

Placebo 43.8 (1.1) 43.0(1.3) 44.1(1.2)

Testosterone 43.8 (1.4) 43.3 (2.0) 43.3 (1.7)
Fat mass (kg)

Placebo 20.6 (1.4) 20.3 (1.7) 21.1(1.8)

Testosterone 25.0 (2.3) 22.0 (2.1) 23.1(2.1)
Lean body mass (kg)

Placebo 41.6 (1.1) 40.9 (1.3) 42.0 (1.1)

Testosterone 41.7 (1.3) 41.2 (1.9) 41.3 (1.6)
Appendicular lean

body mass (kg)
Placebo 17.4 (0.5) 17.0 (0.7) 17.4 (0.6)
Testosterone 18.0 (0.8) 17.6 (1.0) 17.3(0.9)

All data are means (=SEM). No treatment effects were observed for
any of the above outcome variables.

levels is effective in raising serum total and free testosterone
levels into the mid to high end of the normal range for
healthy, menstruating women. However, testosterone ad-
ministration was not associated with greater increments in
FFM or body weight or improvements in measures of muscle
performance compared with placebo. Although transdermal
testosterone treatment was well tolerated, it was ineffective
in improving HRQOL, including sexual and cognitive
function.

The anabolic effects of testosterone have been the source
of much controversy for over 6 decades (32-34). However, a
consensus has emerged that administration of androgenic
steroids to men is associated with gains in muscle mass and
maximal voluntary muscle strength (33, 34). The anabolic
effects of testosterone on the muscle are correlated with the
administered dose of testosterone (20, 35). Testosterone re-
placement of HIV-infected men with weight loss and low
testosterone levels has been shown to increase lean body
mass and muscle strength and promote weight maintenance
(10, 11, 14). Therefore, it might seem paradoxical that tes-
tosterone administration to HIV-infected women did not
significantly increase either FFM or muscle strength. Al-
though it is possible that HIV infection and the attendant
inflammatory state, poorer compliance than that achieved in
our studies of healthy volunteers, and gender differences in
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significantly between groups.

response to testosterone might account for the differences in
response compared with healthy men given graded doses of
testosterone, it is more likely that the failure to observe clin-
ically meaningful increases in FEM and muscle strength in
HIV-infected women in this study is related to the small dose
of testosterone used and the modest increments in circulating
testosterone concentrations. Our dose-response data in men
predict that significantly higher testosterone doses than

TABLE 4. Measures of muscle performance

those used in this study would be needed to achieve clinically
significant gains in muscle mass.

There has been a lack of consensus on how to define
androgen deficiency in women. Like many other studies of
testosterone supplementation in women (17, 18, 36), we re-
cruited women with serum total testosterone levels less than
the median for healthy, young women; these studies, in-
cluding our own, did not define androgen deficiency in terms

TABLE 5. QOL measures

Variable Baseline Wk 24 Variable Baseline Wk 12 Wk 24

Leg press strength (kg) SF 36 score

Placebo 197.9 (8.3) 206.9 (10.7) Placebo 54.33 (4.03)  60.42 (3.94) 65.54 (4.64)

Testosterone 213.5(9.7) 214.2 (11.8) Testosterone 60.87 (4.57)  61.63 (5.98) 62.55 (5.86)
Leg power (watts/kg) Sexual function

Placebo 1.58 (0.11) 1.58 (0.10) Placebo 65.38 (6.31)  67.81(8.38) 81.91 (5.79)

Testosterone 1.57 (0.14) 1.72 (0.14) Testosterone 70.92 (6.82)  70.54 (7.50) 70.54 (7.50)
Stair-climbing power (watts) Cognitive function

Placebo 604.67 (38.23) 639.00 (41.07) Placebo 72.31(4.48) 68.33 (5.23) 74.39 (4.65)

Testosterone 670.86 (50.02) 700.65 (65.96) Testosterone 71.11(4.71)  73.02(4.90) 73.97 (4.55)
Fatigability (reps to failure) Karnofsky score

Placebo 13.7(0.9) 14.9 (1.5) Placebo 99.21 (0.58) 97.92(1.14) 99.09 (0.91)

Testosterone 16.0 (2.0) 18.4 (2.3) Testosterone 99.33 (0.67)  98.33 (0.93) 100.00 (0.00)

All data are means (=SEM). No treatment effects were observed for
any of the above outcome variables.

All data are means (=SEM). No treatment effects were observed for
any of the above outcome variables.
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TABLE 6. Safety data in HIV-infected women after treatment with placebo or testosterone patches
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Variable Baseline Wk 12 Wk 24

Ferriman-Galloway score

Placebo 3.39 (0.38) 3.29 (0.43) 3.40 (0.52)

Testosterone 3.54 (0.38) 3.96 (0.36) 3.82 (0.60)
CD4 %

Placebo 23.28 (2.44) 23.33(2.41) 21.70 (2.42)

Testosterone 24.88 (2.18) 24.75 (2.56) 24.53 (2.33)
CD4 and T lymphocyte count (cells/mm?)

Placebo 392.48 (80.60) 388.38 (75.36) 388.35 (66.99)

Testosterone 480.62 (63.13) 496.75 (62.67) 481.47(70.07)
CD8 %

Placebo 51.00 (2.35) 49.90 (2.75) 51.40 (2.86)

Testosterone 47.73 (2.23) 49.13 (2.65) 47.00 (3.27)
CDS and T lymphocyte count (cells/mm?)

Placebo 793.84 (70.98) 776.81 (66.08) 909.55 (99.92)

Testosterone 839.46 (74.74) 950.50 (99.11) 878.47 (76.79)
HDL (mg/dl)

Placebo 49.72 (6.01) 45.71 (2.87) 49.95 (4.08)

Testosterone 56.23 (5.67) 50.62 (4.99) 42.89 (3.09)
LDL (mg/dl)

Placebo 92.00 (6.61) 97.76 (7.46) 105.84 (8.62)

Testosterone 101.96 (9.18) 106.25 (8.46) 96.83 (8.43)
Cholesterol (mg/dl)

Placebo 158.31 (8.79) 181.29 (14.51) 181.79 (9.84)

Testosterone 172.31 (11.61) 179.38 (11.03) 165.56 (13.83)
Triglycerides (mg/dl)

Placebo 127.54 (26.22) 179.48 (44.31) 131.63 (19.40)

Testosterone 101.65 (13.40) 130.25 (20.98) 122.72 (32.33)
Hemoglobin (g/liter)

Placebo 112.65 (3.07) 116.38 (3.21) 117.33 (2.59)

Testosterone 120.73 (3.18) 124.45 (3.41) 118.11 (3.19)
Hematocrit (liters/liter)

Placebo 0.33 (0.01) 0.33 (0.02) 0.34 (0.01)

Testosterone 0.36 (0.01) 0.36 (0.02) 0.35 (0.01)

All data are means (=SEM). The only treatment effects observed for the above variables were a decrease (P < 0.05) in HDL in the testosterone

group.

of free testosterone level. It is possible that physiological
testosterone replacement of women who are severely andro-
gen deficient, as indicated by free testosterone levels that are
clearly below the lower limit of normal for healthy young
women, might increase FFM and muscle strength. This hy-
pothesis should be explored in future trials. Our study was
not powered to detect significant treatment effects in the
subgroup of women whose serum free testosterone levels
were clearly below the lower limit of normal for healthy,
young women.

The issue of testosterone replacement in women has at-
tracted considerable debate (37). We do not know whether it
is desirable to replace testosterone in older women and
women with chronic inflammatory conditions such as that
associated with HIV infection. It has been speculated that
testosterone replacement of older women with low testos-
terone levels would improve psychosexual function, sense of
well-being, cognitive function, muscle performance, and
physical function. A randomized, placebo-controlled, clini-
cal trial using a transdermal testosterone patch has demon-
strated improvements in several domains of sexual function
and sense of well-being in surgically menopausal women
with relative androgen deficiency (36). Transdermal testos-
terone administration in this trial increased serum total and
free testosterone levels near or slightly above the upper limit
of the normal female range (36). Administration of supra-
physiological doses of testosterone to healthy women is as-

sociated with significant gains in nitrogen retention and FFM
(38, 39). In another study, administration of testosterone gel
modestly decreased whole body fat by an average of 2% (40).
However, our data do not support the hypothesis that phys-
iological testosterone replacement, defined as testosterone
administration designed to increase serum testosterone lev-
els into the mid to high end of the normal female range, is
associated with gains in muscle mass and strength in HIV-
infected women with weight loss. Our dose-response studies
in men suggest that different testosterone-dependent func-
tions have different dose-response relationships; thus, al-
though sexual function is maintained at serum testosterone
levels at the lower end of the normal male range, significantly
higher testosterone levels are required to achieve clinically
meaningful anabolic effects in men. Testosterone dose-
response relationships have not been studied in women; it is
possible that in women, also, higher testosterone levels might
be needed to achieve clinically significant anabolic effects
than those required to improve some aspects of sexual
function.

Two previous studies have examined the effects of tes-
tosterone replacement in HIV-infected women using trans-
dermal testosterone patches (17, 18). In an initial pilot study,
Miller et al. (17) found no significant change in FFM at either
of the two doses of transdermal testosterone (150 and 300 ug
daily). In a subsequent study that included HIV-infected
women with low body mass or weight loss, testosterone
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replacement at a nominal delivery rate of 150 pg daily was
no more effective than placebo in increasing FFM (18). The
researchers reported that the gains in strength of shoulder
flexion and knee extension were significantly greater in
testosterone-treated women than in placebo-treated women.
However, the net gains in muscle strength in testosterone-
treated women ranged from 0.4-0.7 kg; it is unclear whether
testosterone-induced changes in muscle strength of such
small magnitude are clinically significant. In our study we
performed a comprehensive assessment of muscle perfor-
mance and measured muscle fatigability and leg power in
addition to measurement of muscle strength; none of these
measures demonstrated improvements after testosterone ad-
ministration. Thus, although our study differed from that of
Dolan et al. (18) in testosterone dose and inclusion criteria,
our data are in agreement with those of the previous study
that raising testosterone levels in HIV-infected women with
low testosterone levels into the mid to high normal range
does not significantly increase muscle mass or strength.

The testosterone dose used in this study was associated
with a low frequency of clinically significant side-effects. The
skin tolerability of the patches was excellent. There was no
increase in hair growth, as assessed by Ferriman and Gal-
loway scale, or clitoral size. Plasma HDL cholesterol levels
decreased modestly.

The concept of physiological testosterone replacement in
women is predicated upon the assumption that testosterone
dose-response relationships in women are different from
those in men. The underlying assumption is that significant
anabolic effects can be achieved at substantially lower tes-
tosterone doses and concentrations in women than those
required to achieve similar anabolic effects in men. The dose
dependency of the action of testosterone on body composi-
tion has not been well studied in women. Our data for men
(20, 41) and published data for women (38, 42, 43) suggest
that higher testosterone doses than that used in our study
may be needed to produce significant gains in FFM in
women. The safety and efficacy of such an approach requires
testing in prospective, randomized clinical trials. Additional
studies are needed to fully explore the physiological role of
testosterone in regulation of body composition in women.
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