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WEIGHT LOSS DURING THE

course of human immu-
nodeficiency virus (HIV)
infection is associated

with increased mortality and adverse dis-
ease outcome.1-4 Of the various thera-
pies being considered for the treatment
of HIV-associated weight loss, testos-
terone and exercise are attractive be-
cause they are relatively inexpensive and
safe. There is a high prevalence of low
testosterone levels in HIV-infected
men.4-11 Serum testosterone levels are
lower in those with weight loss9 and cor-
relate with deficits in muscle mass,11 low
Karnofsky scores,12 and disease progres-
sion.10,13 Replacement doses of testos-
terone augment lean body mass and
muscle strength in healthy, hypogo-
nadal men.14-16 These data have led to the
hypothesis that testosterone replace-
ment might also increase muscle mass
and strength in HIV-infected men with
low testosterone levels. Some of the stud-
ies17-29 that have examined the effects of
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Context Previous studies of testosterone supplementation in HIV-infected men failed
to demonstrate improvement in muscle strength. The effects of resistance exercise com-
bined with testosterone supplementation in HIV-infected men are unknown.

Objective To determine the effects of testosterone replacement with and without
resistance exercise on muscle strength and body composition in HIV-infected men with
low testosterone levels and weight loss.

Design and Setting Placebo-controlled, double-blind, randomized clinical trial con-
ducted from September 1995 to July 1998 at a general clinical research center.

Participants Sixty-one HIV-infected men aged 18 to 50 years with serum testos-
terone levels of less than 12.1 nmol/L (349 ng/dL) and weight loss of 5% or more in
the previous 6 months, 49 of whom completed the study.

Interventions Participants were randomly assigned to 1 of 4 groups: placebo, no
exercise (n = 14); testosterone enanthate (100 mg/wk intramuscularly), no exercise
(n = 17); placebo and exercise (n = 15); or testosterone and exercise (n = 15). Treat-
ment duration was 16 weeks.

Main Outcome Measures Changes in muscle strength, body weight, thigh muscle
volume, and lean body mass compared among the 4 treatment groups.

Results Body weight increased significantly by 2.6 kg (P,.001) in men receiving tes-
tosterone alone and by 2.2 kg (P = .02) in men who exercised alone but did not change
in men receiving placebo alone (−0.5 kg; P = .55) or testosterone and exercise (0.7 kg;
P = .08). Men treated with testosterone alone, exercise alone, or both experienced sig-
nificant increases in maximum voluntary muscle strength in leg press (range, 22%-
30%), leg curls (range, 18%-36%), bench press (range, 19%-33%), and latissimus pulls
(range, 17%-33%). Gains in strength in all exercise categories were greater in men as-
signed to the testosterone-exercise group or to the exercise-alone group than in those
assigned to the placebo-alone group. There was a greater increase in thigh muscle vol-
ume in men receiving testosterone alone (mean change, 40 cm3; P,.001 vs zero change)
or exercise alone (62 cm3; P = .003) than in men receiving placebo alone (5 cm3; P = .70).
Average lean body mass increased by 2.3 kg (P = .004) and 2.6 kg (P,.001), respec-
tively, in men who received testosterone alone or testosterone and exercise but did not
change in men receiving placebo alone (0.9 kg; P = .21).Hemoglobin levels increased in
men receiving testosterone but not in those receiving placebo.

Conclusion Our data suggest that testosterone and resistance exercise promote gains
in body weight, muscle mass, muscle strength, and lean body mass in HIV-infected
men with weight loss and low testosterone levels. Testosterone and exercise together
did not produce greater gains than either intervention alone.
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androgen administration on weight and
body composition in HIV-infected men
were not placebo-controlled,23-27 and
most failed to control energy intake and
exercise stimulus.23-28 Two of the 4 pla-
cebo-controlled studies of testosterone
supplementation of HIV-infected
men17,18 reported gains in fat-free mass
(FFM), while others19,20 found no
change. None of the previous andro-
gen studies in HIV-infected men has
demonstrated improvements in muscle
strength.17-20,23-28 The effects of resis-
tance exercise alone and in combina-
tion with testosterone in HIV-infected
men are unknown.

The objective of this study was to de-
termine the effects of testosterone re-
placement, with or without a program
of resistance exercise, on muscle
strength and body composition in HIV-
infected men with weight loss and low
testosterone levels. We hypothesized
that testosterone and resistance exer-
cise would each increase muscle
strength and FFM, and the 2 interven-
tions, when administered together,
would produce greater gains in these
measures than either intervention alone.

METHODS
Study Design

This was a 16-week, double blind, pla-
cebo-controlled, randomized study,
conducted between September 1995
and July 1998. Written informed con-
sent, approved by the institutional re-
view boards of Charles R. Drew Uni-
versity of Medicine and Science, Los
Angeles, and Research and Education
Institute, Torrance, Calif, was ob-
tained from each volunteer.

The participants were HIV-infected
men, between the ages of 18 and 50
years, with involuntary weight loss of at
least 5% in the preceding 6 months by
self-report or documented from medi-
cal records and had serum total testos-
terone levels less than 12.1 nmol/L (349
ng/dL). The subjects had been receiv-
ing stable antiretroviral therapy for at
least 12 weeks before enrollment. We ex-
cluded patients with acute illness, pros-
tate cancer, hypogonadism from a
known cause, or diarrhea. Patients with

significant cardiovascular or respira-
tory disease, diabetes, drug abuse, or
heavy alcohol use in the last 6 months,
aspartate aminotransferase or alanine
aminotransferase greater than 3 times the
upper limit of normal, bilirubin levels
higher than 34.2 µmol/L (2 mg/dL), and
prostate-specific antigen (PSA) levels
higher than 4 ng/mL were excluded. The
patients were excluded if they had re-
ceived megestrol acetate, androgen ago-
nists or antagonists, growth hormone,
or insulinlike growth factor 1 within 3
months of enrollment.

Sample Size, Subject Assignment,
and Randomization
The sample size estimate was based on
a previous study of testosterone replace-
ment in healthy, hypogonadal men14 in
which administration of 100 mg of tes-
tosterone enanthate weekly was associ-
ated with mean (SE) FFM increase of 5.0
(0.7) kg and 22% (3%) increase in maxi-
mum voluntary strength. Assuming that
changes in HIV-infected men with low
testosterone levels would be similar to
those in healthy hypogonadal men, we
determined that 12 subjects per group
would give us 80% or more power to de-
tect a similar change in FFM and muscle
strength. We assumed a 20% to 25%
dropout rate and therefore planned to en-
roll 60 men in the study.

Using randomization schedules, gen-
erated to create random numbers from
a uniform distribution on unit inter-
val, 61 eligible men were assigned to 1
of 4 groups. Group 1 received placebo
injections (sesame oil) but did not ex-
ercise; group 2 received 100 mg/wk of
testosterone enanthate but did not ex-
ercise; group 3 received placebo and
participated in a resistance exercise pro-
gram; and, group 4 received the testos-
terone treatment and participated in an
exercise program. Subjects were strati-
fied by age (19-40 years and 41-60
years). A blocking size of 16 was used.

Testosterone replacement consisted
of weekly intramuscular injections of
100 mg of testosterone enanthate, ad-
ministered in the General Clinical Re-
search Center, Torrance, Calif, to en-
sure compliance.

The exercise intensity was standard-
ized based on initial 1-repetition maxi-
mum (1-RM). In the first 4-weeks, the
exercise regimen consisted of a high
volume (3 sets of 12-15 repetitions),
low intensity (60% of initial 1-RM), re-
sistance–exercise 3 times weekly. This
was followed by thrice weekly, pro-
gressive, periodized, high-intensity
(90% of 1-RM on heavy days, 80% on
medium days, and 70% on light days),
low-volume (4 sets of 4-6 repetitions
each) resistance exercise during weeks
5 through 10. During weeks 11 through
16, the loads were increased by 7% for
upper body and 12% for lower body ex-
ercises, and the number of sets was in-
creased to 5.

Outcome Measures
The primary efficacy variable was
change during treatment in 1-RM
strength. We also measured changes in
thigh muscle volume by magnetic reso-
nance imaging, FFM by dual-energy x-
ray absorptiometry (DEXA) and deu-
terium oxide dilution, body weight, and
health-related quality of life (HRQOL).
Serum total and free testosterone, di-
hydrotestosterone, luteinizing hor-
mone (LH), follicle-stimulating hor-
mone (FSH), and sex hormone–
binding globulin (SHBG) levels were
measured on several occasions during
the control and treatment periods. Ab-
solute and percentage CD4+ and CD8+

cell counts and plasma HIV–copy num-
ber were measured at baseline and dur-
ing week 16. Adverse experiences were
recorded every 2 weeks.

We measured effort-dependent
strength in the leg press, bench press,
leg curls, latissimus pulls, and over-
head press exercises using the 1-RM
method. All subjects underwent an in-
structional period, in which lifting me-
chanics were demonstrated. The resis-
tance was progressively increased until
the men could not complete the lift; the
maximum amount of weight that they
were able to lift was recorded as the
1-RM strength. To minimize the con-
founding influence of the learning ef-
fect, the participants returned for re-
assessment of strength within 7 days of
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the initial assessment. The higher of the
2 1-RM values was recorded when the
difference between the 2 measure-
ments was less than 5%.

Body weight was measured every 2
weeks. Body composition was as-
sessed by DEXA scan (Hologic 4500;
Waltham, Mass), deuterium oxide di-
lution, and magnetic resonance imag-
ing. For estimation of total body wa-
ter, the men ingested 20 g of deuterium
oxide14 and plasma samples were drawn
at −15, 0, 120, 180, and 240 minutes.
We measured deuterium abundance in
plasma by nuclear magnetic reso-
nance spectroscopy,30 using a correc-
tion factor of 0.985 for exchangeable
hydrogen.

Energy and protein intake were stan-
dardized at 168 J/kg (40 kcal) per day and
1.5 g/kg per day. The participants were
given dietary instructions 2 weeks be-
fore treatment initiation; these instruc-
tions were reinforced every 2 weeks. The
nutritional intake was verified by analy-
sis of 3-day food records during weeks
1, 8, and 16, and 24-hour food recalls ev-
ery 4 weeks, by using the Minnesota Nu-
tritional Software.

Serum total testosterone levels were
measured by an immunoassay31,32 and
free testosterone levels by equilibrium
dialysis.32 The sensitivities of the total
and free testosterone assays were 0.02
nmol/L (0.58 ng/dL) and 0.2 pmol/L
(0.058 pg/mL), respectively. Intra-
assay and interassay coefficients of
variation for the total and free testos-
terone assays were 8.2% and 13.2%, and
4.2%, and 12.3%, respectively. Serum
LH, FSH, and SHBG levels were mea-
sured by immunofluorometric as-
says,31 with sensitivities of 0.05 IU/L,
0.15 IU/L, and 6.25 nmol/L, respec-
tively. Plasma HIV RNA copy number
was measured by reverse transcriptase
polymerase chain reaction (Amplicor;
Roche Diagnostic Systems Inc, Som-
merville, NJ).

The HRQOL survey17-33 included
multi-item measures of physical func-
tioning, role limitations due to physi-
cal problems, general health percep-
tions, emotional well-being, role
limitations due to emotional prob-

lems and social, cognitive and sexual
functioning. The survey also included
a 22-item symptom checklist, a disabil-
ity-days item, an overall health rating
item, and a self-reported time trade-
off preference assessment. Data were
analyzed using linear regression.
Dummy variables were used for group
assignment, and baseline status and case
mix variables were included in the
model.

Statistical Analyses
All men who dropped out did so be-
fore week 6, and did not undergo post-
treatment DEXA scan or strength mea-
surements. The analyses of muscle
strength and body composition, there-
fore, were performed on all random-
ized patients for whom these efficacy
data were available. For secondary vari-
ables, the last values carried forward for
withdrawn patients were analyzed.
Continuous data are reported as mean
(SEM) and categorical data as fre-
quency tabulations. All variables were
examined for their distribution char-
acteristics. Variables that did not meet
the assumption of a normal distribu-
tion were log-transformed and re-
tested. If the assumption of normality
could not be met by transformation,
then nonparametric methods of statis-

tical comparison were used. An analy-
sis of variance (ANOVA) model was
used to compare change from baseline
between the 4 groups for muscle
strength, muscle volume, body com-
position measures, and hormone lev-
els. Student-Newman-Keuls method
was used for pairwise comparisons fol-
lowing a significant ANOVA. All out-
come measures were also analyzed us-
ing paired t test to detect a nonzero
change from baseline at week 16 within
each treatment group.

RESULTS
Patient Characteristics

Of the 61 patients who were enrolled,
49 completed the study, 12 in group 1,
15 in group 2, 11 in group 3, and 11 in
group 4. No discontinuations were
attributed to adverse experiences
(FIGURE 1). The 4 groups did not sig-
nificantly differ in age, height, weight,
CD4+ cell counts, prior weight loss, and
baseline testosterone levels (TABLE 1).
The percentage of men receiving anti-
retroviral therapy and protease inhibi-
tors was not significantly different be-
tween groups. The men who completed
the study did not differ from those who
dropped out in body weight, ethnic
composition, testosterone levels, and
CD4+ cell counts but were older than

Figure 1. Flow of Patients Through the Study

14 Assigned Placebo,
No Exercise Training

17 Assigned Testosterone, 
No Exercise Training

15 Assigned Exercise
Training and Placebo

15 Assigned Testosterone
and Exercise Training

14 Received Intervention
 as Allocated

17 Received Intervention
as Allocated

15 Received Intervention
as Allocated

15 Received Intervention
as Allocated

12 Completed Trial 15 Completed Trial 11 Completed Trial 11 Completed Trial

Follow-up
12 at 8-wk Visit
12 at 16-wk Visit

Follow-up
15 at 8-wk Visit
15 at 16-wk Visit

Follow-up
11 at 8-wk Visit
11 at 16-wk Visit

Follow-up
11 at 8-wk Visit
11 at 16-wk Visit

2 Withdrew 2 Withdrew 4 Withdrew 4 Withdrew

230 Patients Screened
133 Patients Eligible

61 Patients Randomized
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the latter group (35.5 vs 41.4 years,
P = .01).

All evaluable subjects received more
than 90% of their injections. Of the 11

men in the combined testosterone and
exercise group, 9 attended more than
90% and 2 attended 75% to 89% of their
scheduled exercise sessions. Of the 11

men in the exercise alone group, 7 at-
tended 90% to 100%, 3 attended 75%
to 89%, and 1 attended 70% of the
scheduled sessions.

Daily energy intake and percentage
of energy derived from protein, carbo-
hydrate, and fat were not significantly
different between the 4 groups at base-
line and did not significantly change
during treatment. Specific daily en-
ergy and macronutrient intake are pro-
vided in Appendix 1 online at http://
www.jama.com.

Serum total and free testosterone lev-
els, measured 1 week after injection, in-
creased significantly from baseline in
the testosterone groups and did not
change in those receiving placebo. Se-
rum LH, FSH, and SHBG levels de-
creased significantly in the testosterone-
treated men but not in men treated with
placebo (TABLE 2).

Physical Outcomes
Among those who were in the placebo
alone group, muscle strength did not
change in any of the 5 exercises (−0.3%-
−4.0%) (TABLE 3, FIGURE 2 and Ap-
pendix 2 online at http://www.jama
.com). This indicates that this strategy
was effective in minimizing the influ-
ence of the learning effect. Persons in
the exercise-alone group increased
muscle strength in the 5 exercises by
29% to 36%, and those in the testos-
terone-alone group increased it by 17%
to 28%. Although those in the testos-
terone-exercise group increased their
muscle strength by 10% to 32%, it was
not significantly greater than either in-
tervention alone. The change in leg
press strength correlated with change
in muscle volume (R = 0.44, P = .003)
and change in FFM (R = 0.55, P,.001).

The thigh muscle volume did not sig-
nificantly change in those taking pla-
cebo alone (change, 5 cm3; P = .696) but
increased among those taking testoster-
one(change, 40 cm3; P = ,.001), exer-
cising alone (change, 62 cm3; P = .003),
or taking testosterone and exercising
(change 44 cm3; P = .001) (FIGURE 3).
The exercise-alone, and testosterone-
alone groups experienced greater in-
creases in muscle volume than the pla-

Table 1. Baseline Characteristics of the Participants*

No Exercise Exercise

P Value
Placebo
(n = 14)

Testosterone
(n = 17)

Placebo
(n = 15)

Testosterone
(n = 15)

Age, y 41.8 (2.5) 40.8 (1.2) 44.4 (3.0) 40.2 (2.2) .59

Height, cm 177.8 (2.9) 176.3 (2.5) 176.2 (1.9) 172.6 (2.1) .52

Weight, kg 76.7 (3.2) 77.1 (3.5) 71.9 (2.9) 69.1 (3.4) .28

Body mass index, kg/m2 24.3 (0.9) 25.0 (1.4) 23.2 (1.1) 23.2 (1.1) .66

Serum testosterone levels, nmol/L† 6.1 (0.7) 7.1 (0.8) 7.0 (1.0) 7.0 (1.2) .94

CD4+ cell count, 3106/L 279 (93) 357 (85) 229 (56) 340 (95) .77

CD8+ cell count, 3106/L 897 (89) 872 (92) 842 (136) 669 (126) .49

Weight loss, kg 6.4 (2.0) 7.4 (1.1) 7.1 (1.1) 6.7 (1.1) .97

Antiretroviral therapy, % 100 93 82 89 .78

Protease inhibitors, % 40 60 45 55 .68

*All data are presented as mean (SEM) unless otherwise indicated.
†To convert serum testosterone levels to nanograms per deciliter, multiply by 28.843.

Table 2. Serum Total and Free Testosterone, Luteinizing Hormone and Follicle-Stimulating
Hormone, and Sex Hormone–Binding Globulin Levels*

No Exercise Exercise

Placebo Testosterone Placebo Testosterone

Testosterone, nmol/L†‡
Baseline 6.1 (0.7) 7.1 (0.8) 7.0 (1.0) 7.0 (1.2)

Week 16 5.0 (0.5) 11.7 (1.6) 7.4 (1.2) 10.8 (1.9)

Change from baseline −1.2 (0.6) 4.5 (1.8)§ 0.4 (1.0) 3.8 (2.1)§

P value .06 .03 .62 .05

Free testosterone, pmol/L†‡
Baseline 100.5 (13.9) 111.0 (13.9) 117.9 (17.3) 93.6 (13.9)

Week 16 107.5 (20.8) 183.8 (24.2) 121.4 (13.9) 166.4 (20.8)

Change from baseline 1.0 (24.2) 72.8 (27.7) 3.5 (13.9) 69.3 (20.8)

P value .70 .02 .57 .02

Luteinizing hormone, U/L\
Baseline 5.0 (1.0) 3.4 (0.4) 4.3 (0.9) 6.6 (2.0)

Week 16 3.7 (0.8) 0.3 (0.1) 4.6 (1.0) 0.6 (0.3)

Change from baseline −1.4 (0.7) −3.1 (0.4)§ 0.3 (0.2) −6.0 (1.8)§

P value .17 ,.001 .39 ,.001

Follicle-stimulating hormone, U/L\
Baseline 5.8 (1.8) 4.5 (0.5) 7.1 (1.9) 8.6 (2.6)

Week 16 5.0 (2.0) 0.5 (0.2) 6.7 (1.6) 2.0 (1.2)

Change from baseline −0.8 (0.8) −4.2 (0.4)¶ −0.4 (0.7) −6.5 (1.6)¶

P value .20 ,.001 .71 ,.001

Sex hormone–binding globulin, nmol/L
Baseline 66.4 (12.1) 48.6 (8.8) 52.0 (12.9) 47.5 (8.3)

Week 16 63.7 (16.8) 41.7 (7.0) 49.1 (9.5) 41.7 (8.9)

Change from baseline −2.7 (8.3) −6.9 (3.1) −2.9 (3.8) −5.8 (2.4)

P value .75 .05 .46 .05

*The data represent the mean (SEM) of all available values on that day. However, the change represents the difference
between paired values only.

†Overall analysis of variance is P,.03.
‡To convert total testosterone levels to nanograms per deciliter, multiply by 28.843. To convert free testosterone levels

to picograms per milliliter, multiply by 0.28843.
§P,.05 vs placebo, no exercise.
\Overall analysis of variance, P,.001.
¶P,.05 vs placebo, no exercise, and placebo with exercise.
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cebo-alone group (P = .05). Specific
tension, defined as muscle strength in
the leg press exercise per unit quadri-
ceps volume, did not change signifi-
cantly in men who did not exercise re-
gardless of whether they received
placebo or testosterone but increased in
both groups of men who exercised.

Body weight was stable in those tak-
ing placebo alone during treatment
(mean change, –0.5 kg; P = .546). Those
taking testosterone alone (change, 2.6
kg; P,.001) and those who exercised
alone (change, 2.2 kg, P = .023) expe-
rienced significant increases in body
weight. The weight gain in these 2
groups was greater than that in the pla-
cebo-alone group (P,.05). The com-
bination of testosterone and exercise
training did not increase body weight
more than testosterone alone or exer-
cise alone. Weight gain correlated with
change in FFM measured by deute-
rium oxide dilution (R = 0.75, P,.001)
(Figure 3).

Fat-free mass, measured by deute-
rium oxide dilution, increased signifi-
cantly from baseline in those taking tes-
tosterone alone and those exercising
alone , but it did not change signifi-
cantly in the placebo group (TABLE 4).
However, the change in FFM was not
significantly greater in those taking tes-
tosterone alone and exercising alone
than in those taking placebo alone. The
effects of 2 interventions together were

not significantly greater than those pro-
duced by either intervention alone. To-
tal body water increased significantly
in those taking testosterone alone and
those exercising alone, but it did not in-
crease in those taking placebo alone.
The ratio of FFM by DEXA and total
body water did not significantly change
in any treatment group, indicating that
the apparent increases in FFM were not
due to fluid retention in excess of pro-
tein accretion. Specific body composi-
tion assessed by DEXA is provided in
Appendix 3 online at http://www
.jama.com.

Fat-free mass measured by DEXA
correlated highly with total body wa-
ter (R = 0.746, P,.001). Fat-free mass,
measured by DEXA, did not change in
the placebo-treated groups, but in-
creased significantly in the 2 testoster-
one-treated groups without (change, 2.3
kg; P = .004) and with exercise (change,
2.6 kg; P,.001). The lean mass in the
arms, legs, and trunk increased signifi-
cantly in those who were treated with
testosterone but not in those taking pla-
cebo. Truncal and whole body fat mass,
and bone mineral content did not
change in any group.

Health-Related Quality of Life
There was no association between the
change in HRQOL measures and tes-
tosterone administration or exercise in
any group.

Figure 2. Mean (SEM) Change in
Effort-Dependent Muscle Strength

‡#
‡¶

∗∗

‡#
‡¶

§

§

‡II ‡¶

∗

†‡

†‡

ExerciseNo Exercise

100

60

40

80

20

0

Leg Press

25

15

10

20

5

0

Leg Curls

16

4

8

0

12

–4

–8

Bench Press

C
ha

ng
e 

Fr
om

  B
as

el
in

e,
 k

g

15

9

6

12

3

0

Latissimus Pulls

16

8

4

12

0

–4

Overhead Press

Placebo Testosterone

‡§ ‡§

The strength in leg press, leg curls, bench press, latis-
simus pulls, and overhead press exercises was mea-
sured by the 1-repetition maximum method. Aster-
isk indicates P = .02 vs zero change; dagger, P,.0004
vs zero change; double dagger, P,.05 vs placebo, no
exercise group; section marker, P = .001 vs zero
change; parallel bars, P = .0002 vs zero change; para-
graph marker, P = .0001 vs zero change; pound sign,
P,.0008 vs zero change; and double asterisk, P = .004,
vs zero change.

Table 3. Maximum Voluntary Muscle Strength*

No Exercise Exercise

Placebo Testosterone Placebo Testosterone

Leg press†
Baseline 259 (20) 252 (31) 260 (19) 255 (23)

Week 16 264 (33) 292 (30) 332 (21) 310 (28)

Change from baseline 5 (16) 40 (15) 72 (14)‡ 55 (10)‡

P value .766 .021 ,.001 ,.001

Bench press§
Baseline 46 (3) 48 (6) 43 (4) 45 (6)

Week 16 44 (5) 54 (5) 56 (4) 57 (6)

Change from baseline −2 (4) 6 (2) 13 (3)‡ 12 (2)‡

P value .682 .001 ,.001 ,.001

*Strength was measured, in kilograms, by the 1-repetition maximum method. The data on each day represent the
mean (SEM) of all available values on that day. However, the change from baseline represents the difference be-
tween paired values only. The data on maximal voluntary strength in the overhead press, leg curl, and latissimus pull
exercises are provided in Appendix 2 at http://www.jama.com.

†Overall analysis of variance, P = .02.
‡P,.05 vs placebo, no exercise group.
§Overall analysis of variance, P = .004.
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Intent-to-Treat Analysis
We analyzed the body weight and he-
moglobin data carrying the last avail-
able value forward. The mean (SE)
change in body weight was signifi-
cantly greater (overall ANOVA, P = .004)
in men treated with testosterone alone
(change, 2.9 [0.8] kg; P = .002) or ex-
ercise alone (change, 1.7 [0.6] kg;
P = .02) than in those receiving pla-
cebo alone (0.7 [0.7] kg; P = .39). The
mean (SE) change in hemoglobin was
significantly greater in those taking tes-
tosterone alone (13.5 [5.6] g/L; P = .03)
or in those taking testosterone and ex-
ercising (7.2 [2.5] g/L; P = .01) than in
those in taking placebo alone ( −5.6 [2.7]
g/L) or those exercising alone (1.8 [5.2]
g/L) (overall ANOVA, P = .032).

Adverse Experiences
and Safety Measures
Hemoglobin levels increased in testos-
terone-treated men regardless of exer-
cise (change, P<.05). For those who re-
ceived testosterone and exercised, it
increased by 6%. For those who did not,
it increased by 14% (P = .04). It re-

mained unchanged in those taking pla-
cebo. The changes in CD4+ and
CD8+cell counts, and HIV RNA, bili-
rubin, alanine aminotransferase, aspar-
tate aminotransferase, plasma triglyc-
erides, low-density lipoprotein and
high-density lipoprotein cholesterol,
and PSA levels in testosterone-treated
men were not significantly different
from those in the placebo groups. One
person receiving testosterone and 1 re-
ceiving placebo developed acne; 1 tes-
tosterone-treated man experienced
breast enlargement.

COMMENT
In HIV-infected men with moderate
weight loss and low testosterone lev-
els, testosterone replacement and re-
sistance exercise each was associated
with significant gains in muscle
strength, muscle size, and body weight.
Fat-free mass did not significantly
change in any group. Most of the in-
crease in body weight in testosterone
and exercise groups was due to lean
mass accretion. The increase in muscle
strength and FFM were correlated with
increase in muscle volume. The ef-
fects of combining testosterone and ex-
ercise were not additive. We were un-
able to detect improvements in HRQOL;
a larger sample size might be needed to
detect changes in HRQOL.

There is uncertainty about what mag-
nitude of increase in FFM is clinically
significant. Testosterone and resis-
tance exercise were each associated with
gains in FFM in excess of 2 kg and sig-
nificant increases in muscle strength.
Therefore, we posit that these changes
are clinically significant.

Thetestosteroneregimenincreasedse-
rumtestosteronelevelsbyapproximately
4.3nmol/L(124ng/dL)andproducedsig-
nificant suppression of LH and FSH lev-
els,providingevidenceofandrogenicef-
fects. Because serum testosterone levels
were measured 7 days after the previous
injection, this reflects the smallest incre-
ment in testosterone levels thatoccurred
following an injection.

There were no significant differences
in the change in FFM or muscle strength
during testosterone treatment between

Figure 3. Mean (SEM) Change in Body
Weight and Thigh Muscle Volume Measured
by Magnetic Resonance Imaging
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Asterisk indicates P,.001 vs zero change; dagger,
P,.01 compared with placebo in the no exercise
group; double dagger, P = .02 vs zero change; sec-
tion marker, P = .003 vs zero change; and parallel
bars, P = .001.

Table 4. Body Composition Analysis by Deuterium Oxide Dilution Method*

No Exercise Exercise

Placebo Testosterone Placebo Testosterone

Fat-free mass, kg
Baseline 60.1 (2.0) 62.9 (3.3) 57.9 (2.3) 55.7 (2.8)

Week 16 59.6 (2.3) 66.9 (2.9) 59.9 (2.5) 57.3 (2.9)

Change from baseline −0.4 (1.0) 2.9 (1.0) 2.0 (0.9) 1.6 (0.8)

P value .67 .05 .04 ,.09

Fat mass, kg
Baseline 16.6 (2.4) 14.2 (2.2) 15.1 (3.1) 13.3 (3.0)

Week 16 16.5 (2.5) 14.2 (2.8) 15.7 (3.2) 12.4 (3.0)

Change from baseline −0.1 (0.7) 0.2 (0.6) 0.6 (0.5) 0.9 (0.7)

P value .89 .81 .24 .19

Total body water, kg
Baseline 43.8 (1.5) 45.9 (2.4) 42.3 (1.7) 40.7 (2.0)

Week 16 43.5 (1.7) 48.9 (2.1) 43.7 (1.8) 41.9 (2.1)

Change from baseline −0.3 (0.7) 2.1 (0.7) 1.5 (0.6) 1.2 (0.6)

P value .67 .05 .01 .07

Ratio of total body water by
deuterium oxide dilution
to fat-free mass by DEXA

Baseline 0.78 (0.02) 0.77 (0.02) 0.77 (0.05) 0.79 (0.03)

Week 16 0.77 (0.03) 0.78 (0.02) 0.75 (0.04) 0.78 (0.02)

Change from baseline −0.02 (0.02) 0.01 (0.01) −0.01 (0.01) −0.02 (0.02)

P value .23 .71 .35 .35

*The data on each day represent the mean (SEM) of all available values on that day. However, the change represents
the difference between paired values only. DEXA indicates dual-energy x-ray absorbtiometry.
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men who had baseline testosterone less
than 9.5 nmol/L (,275 ng/dL) and those
with baseline testosterone between 9.5
and 12.1 nmol/L (275-350 ng/dL). Base-
line serumtestosterone levelsdidnot cor-
relate with change in FFM. Further stud-
ies are needed to determine whether
HIV-infected men with low normal tes-
tosterone levels responddifferently to tes-
tosterone supplementation than those
who are truly androgen deficient.

The treatment regimen was safe and
well tolerated. Testosterone treatment
was associated with significant in-
creases in hemoglobin. Changes in se-
rum bilirubin, alanine aminotransfer-
ase and aspartate aminotransferase,
plasma lipids, and PSA levels were not
significantly different from those ob-
served among those taking placebo.

Subject compliance with the treat-
ment regimen was high. One hundred
percent of the evaluable patients re-
ceived greater than 90% of their pre-
scribed injections. The compliance with
the exercise regimen was less com-
plete; this may have affected the mag-
nitude of strength gains achieved dur-
ing exercise training.

A number of studies have examined
the effects of androgen supplementa-
tion on body composition in HIV-
infected men,17-29 although only some
were placebo-controlled, blinded, and
randomized trials. The dietary intake
was not controlled in some of the stud-
ies, while others did not standardize the
exercise stimulus. The methods used to
assess body composition also differed
among studies. Of the 4 placebo-
controlled studies of testosterone,17-20

only 217,18 demonstrated significant in-
creases in FFM. The 2 studies that did
demonstrate significant increments in
FFM included patients with low tes-
tosterone levels. Studies using oxan-
drolone and nandrolone decanoate have
reported gains in FFM but not muscle
strength.21,22,27-28

Our study is the first to demonstrate
significant improvements in muscle
strength during a pharmacological in-
tervention in HIV-infected men. The fail-
ure to control the exercise stimulus and
learning effect might have confounded

the results of other studies. We mini-
mized the confounding influence of the
learning effect by using multiple train-
ing sessions during the control period.
This appears to have been effective be-
cause muscle strength was unchanged
among those who received placebo and
did not exercise. Our findings indicate
that when confounding factors such as
the learning effect are minimized and the
exercise stimulus and nutritional in-
take are standardized, testosterone re-
placement and resistance exercise sig-
nificantly increase muscle size and
strength in HIV-infected men with low
testosterone levels.

Some of the initial strength gains
from resistance training result from
neuromuscular learning. Because we
used the same equipment and weight-
lifting exercises for strength testing as
well as strength training, this strategy
may have favored the exercise inter-
vention over androgen treatment in
terms of apparent strength gains.

Aerobic exercise improves cardiovas-
cular fitness in HIV-infected pa-
tients34,35 but does not produce substan-
tial skeletal muscle hypertrophy. The
resistance exercise regimen used in this
study resulted in significant muscle hy-
pertrophy, lean body mass accretion, and
increments in muscle strength. Similar
gains in FFM and strength following re-
sistance training were reported by
Roubenoff et al,36 although that study did
not have a nonexercising control group.
While testosterone and exercise both in-
duced increase in muscle volume, only
men who underwent exercise experi-
enced an increase in specific tension.
These effects of strength training were
achieved in the setting of a motivated pa-
tient population, through a supervised
program administered by trainers in an
exercise laboratory. Even in this set-
ting, the compliance with the exercise
regimen was not perfect. Similar de-
grees of compliance and strength gains
may not be achievable with exercise in
a clinical setting.

The effects of testosterone and exer-
cise training combined were not addi-
tive in this study. The strength training
has been shown to augment the ana-

bolic effects of supraphysiologic doses
of androgen in healthy, eugonadal men31

and HIV-infected men with weight
loss.22,29 We do not know whether the
failure to demonstrate additive effects in
this study was related to testosterone
dose, less than perfect compliance with
the exercise regimen, or lack of prior
weight-lifting experience.

In comparison with other anabolic
agents, such as recombinant human
growth hormone37,38 and megesterol ac-
etate,39 testosterone and exercise are
relatively inexpensive. Megesterol in-
duces androgen deficiency and may in-
duce a decrease in lean mass. Recom-
binant human growth hormone
administration does not improve
muscle strength in HIV-infected indi-
viduals.37,38

We conclude that testosterone in-
duces FFM accretion and skeletal muscle
hypertrophy and increases effort-
dependent muscle strength in HIV-
infected men with low testosterone lev-
els and moderate weight loss. We can
not extrapolate these data to HIV-
infected men with normal testosterone
levels or severe wasting. It would be pre-
mature to claim that testosterone ad-
ministration improves muscle func-
tion because maximum voluntary
strength is only one aspect of muscle
function; power, endurance, and task-
specific performance are other at-
tributes that were not examined in this
study. Muscle strength per unit of
muscle mass (specific tension) in-
creased in men undergoing resistance
exercise, but it did not increase in those
receiving testosterone alone. This im-
plies that resistance training improves
the contractile quality of skeletal muscle
in HIV-infected men but that testoster-
one administration without exercise
training does not. Further studies are
needed to evaluate whether testoster-
one and exercise can induce clinically
useful changes in muscle function and
HIV-related disease outcomes.
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Appendix 1. Daily Energy Macronutrient Intake*

Variables

No Exercise Exercise

P ValuePlacebo Testosterone Placebo Testosterone

Total energy intake, kJ/d† 13 301.4 (120.5) 12 364.8 (945.0) 13 759.8 (508.2) 11 659.2 (579.6) .394

Energy intake per kg of body weight 43 (5) 37 (3) 46 (3) 41 (2) .282

Total protein intake, g/d 114 (12) 117 (12) 124 (5) 110 (7) .816

Protein intake per kg/d 1.5 (0.2) 1.5 (0.2) 1.7 (0.1) 1.6 (0.1) .634

Energy from protein, % 15.2 (2.1) 15.6 (2.8) 16.0 (2.3) 16.0 (2.1) .319

Total carbohydrate intake, g/kg per day 374 (38) 339 (20) 345 (32) 306 (13) .388

Carbohydrate intake, g/kg per day 20.6 (2.8) 17.5 (1.1) 19.6 (2.3) 18.2 (1.2) .642

Energy from carbohydrate, % 48.1 (2.2) 49.1 (2.0) 45.3 (2.3) 49.7 (1.9) .459

Total fat intake, g 127.7 (14.1) 112.3 (11.2) 121.9 (8.7) 97.9 (7.5) .266

Fat intake, g/kg per day 1.5 (0.2) 1.3 (0.1) 1.6 (0.2) 1.3 (0.1) .299

Energy from fat, % 35.8 (2.3) 36.1 (1.8) 36.9 (1.5) 34.2 (1.2) .735

*Energy and macronutrient intake were calculated from 3-day food records (during weeks 1, 8, and 16) and 24-hour food recalls (every 4 weeks) by using the Minnesota Nutritional
Software. The energy and macronutrient intake was then averaged across different days for each subject. Data are presented as mean (SEM).

†To convert to kilocalories divide by 4.2.
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Appendix 2. Maximum Voluntary Muscle Strength*

No Exercise Exercise

Placebo Testosterone Placebo Testosterone

Leg curls†
Baseline 57 (4) 62 (7) 55 (3) 53 (5)

Week 16 57 (6) 70 (7) 73 (3) 72 (6)

Change from baseline 2 (6) 8 (2) 18 (3)‡ 17 (3)‡

P vs zero change .715 .001 ,.001 ,.001

Latissimus pulls§
Baseline 48 (3) 46 (6) 42 (4) 45 (5)

Week 16 46 (6) 50 (6) 53 (4) 58 (5)

Change from baseline 0.3 (6) 4 (1) 12 (2)‡ 13 (2)‡

P vs zero change .964 .004 ,.001 ,.001

Overhead press\
Baseline 36 (3) 38 (4) 38 (3) 39 (5)

Week 16 35 (4) 43 (4) 47 (3) v

Change from baseline −0.3 (4) 5 (2) 10 (2) 10 (2)

P vs zero change .945 .085 .001‡ .001‡

*Change in effort-dependent maximal strength. Strength was measured in kilograms by the 1-repetition maximum method
in all exercises. The data on each day represent the mean (SEM) of all available values on that day. However, the
change from baseline represents the difference between paired values only.

†Overall analysis of variance, P =.007.
‡P,.05 vs placebo, no exercise group.
§Overall analysis of variance, P =.018.
\Overall analysis of variance, P =.04.

Appendix 3. Body Composition Assessed by Dual-Energy X-Ray Absorptiometry Scanning*

No Exercise Exercise

Placebo Testosterone Placebo Testosterone

Fat-free mass, kg
Baseline 56.6 (2.1) 58.9 (2.8) 50.5 (5.9) 52.1 (2.5)

Week 16 56.5 (2.8) 61.2 (2.8) 58.4 (1.9) 55.4 (2.7)

Change from baseline 0.9 (0.7) 2.3 (0.6) 2.4 (1.1) 2.6 (0.4)

P vs zero change .219 .004 .059 ,.001

Fat mass, kg
Baseline 17.7 (1.9) 15.9 (1.8) 13.4 (2.3) 14.6 (2.0)

Week 16 15.6 (2.0) 16.5 (1.2) 15.6 (1.4) 15.1 (2.1)

Change from baseline −0.5 (0.8) 0.6 (1.0) 1.1 (1.4) −0.4 (0.9)

P vs zero change .516 .580 .364 .712

Both arms, lean body mass, kg
Baseline 6.7 (0.3) 7.3 (0.6) 6.5 (0.4) 6.3 (0.5)

Week 16 6.9 (0.5) 7.6 (0.6) 7.0 (0.3) 7.2 (0.5)

Change from baseline 0.1 (0.1) 0.3 (0.1) 0.5 (0.2) 0.7 (0.1)

P vs zero change .200 .04 .04 ,.001

Both legs, lean body mass, kg
Baseline 17.3 (0.8) 18.0 (1.2) 17.1 (0.8) 15.7 (0.9)

Week 16 17.5 (1.1) 18.5 (1.2) 17.8 (0.7) 16.6 (0.9)

Change from baseline 0.3 (0.3) 0.6 (0.2) 0.8 (0.5) 0.5 (0.2)

P vs zero change .406 .040 .140 .006

Trunk, lean body mass, kg
Baseline 26.3 (0.9) 27.3 (1.1) 25.9 (0.8) 24.4 (1.0)

Week 16 26.0 (1.2) 28.6 (1.0) 27.2 (0.8) 25.7 (1.2)

Change from baseline 0.5 (0.4) 1.2 (0.4) 1.2 (0.4) 1.1 (0.3)

P vs zero change .188 .016 .019 .002

*The data on each day represent the mean (SEM) of all available values on that day. However, the change represents
the difference between paired values.
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