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Testosterone and HIV wasting syndrome

Testosterone therapy in HIV wasting syndrome:
systematic review and meta-analysis

Anthony Kong and Polly Edmonds

Many HIV patients develop weight loss, which increases
morbidity and mortality. We aimed to assess the effects of
testosterone therapy on lean body mass, total body weight,
over-all exercise functional capacity, and perceived quality
of life in patients with HIV wasting syndrome and its adverse
effects. We systematically reviewed randomised, placebo-
controlled trials that compared the effects of testosterone
therapy with placebo in HIV patients with wasting. Eight trials
met the inclusion criteria and 417 randomised patients were
included. Only six trials used lean-body mass, fat-free mass,
or body-cell mass as outcome measures. The meta-analysis
of the six trials showed a difference in the lean body mass
between the testosterone group and placebo group of 1:22
kg (95% CI 0-23-2-22) for the random effect model and 0-51
kg (0-09-0-93) for fixed effect. However, the difference was
much greater in the three trials that used the intramuscular
route—3-34 kg in the post-hoc analysis. All eight trials
included total body weight as an outcome measure, the
meta-analysis of which showed a difference of 1:04 kg
(—0-01-2-10) between testosterone group and placebo
group by random effect and 0-63 kg (—0-01-1-28) for fixed
effect models. Over-all, the incidence of adverse effects is
similar in both groups. Testosterone therapy has been
shown in this review to increase lean body mass more than
placebo. The increase is even greater if the therapy is given
intramuscularly. There is also a small positive effect in total
body weight. The study is, however, limited by the small
numbers and heterogeneity of the population, which
potentially introduced bias into the methods and results.
Testosterone therapy may be considered in patients with
HIV wasting syndrome to reverse muscle loss, but there is a
concern about the adverse metabolic effects of long-term
testosterone administration and long-term follow-up for
these patients is needed.
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Many HIV-infected patients develop weight loss and
wasting, the cause of which is multifactorial." Wasting can
be caused by HIV directly or through secondary causes such
as anorexia, malabsorption and diarrhoea, opportunistic
infections, and malignancy: the exact mechanisms are not
fully known. HIV wasting is characterised by severe muscle
loss and deteriorating muscle strength and exercise
function. There is evidence that a change in body
composition takes place at an early stage of HIV infection
even before there is any sign of weight loss. In fact, because
the amount of wasting often correlates more closely with
changes in body cell mass and lean-body mass than with

reduction of total-body weight, the decrease in body cell
mass and lean-body mass is a better indicator of
malnutrition and protein loss.> HIV-infected men can lose a
great amount of lean-body mass out of proportion to body
weight.**

The total-body weight can be divided into different
compartments and analysed in different models. The body
weight, body cell mass, and lean body mass can be related as
follows:® body weight=body cell mass+extracellular
material+fat; lean body mass=body cell mass+extracellular
material; and body weight=lean body mass+fat. Lean body
mass is fat-free mass minus bone mineral mass. Although
there is still debate about the difference between lean-body
mass and fat-free mass, most investigators use lean-body
mass and fat-free mass interchangeably.®

Various treatments have been tried in HIV wasting.
Although antiretroviral medications have been shown to
increase body weight in HIV patients, the increase is mainly
due to an increase in fat mass rather than lean body mass.”®
Megestrol acetate can encourage appetite and weight gain
but it may decrease testosterone concentrations and cause
accumulation of more fat and less lean-body mass.”"
Thalidomide has been shown to be effective in HIV wasting
but it is limited by its side-effects.”™ Growth hormone may
increase lean-body mass but is very costly and the long-
term safety and tolerability of therapy are unknown."*"’

A high proportion of HIV-infected men (up to 30-50%)
may have a low testosterone concentration.'*" Loss of body
and muscle mass and deterioration in exercise functional
capacity are highly correlated with androgen concentrations
in HIV patients with hypogonadism and wasting.” In
hypogonadal men without HIV infection, testosterone
replacement had been shown to increase fat-free mass,
muscle size, and even mood.”* It has also been shown that
in healthy men supraphysiological doses of testosterone—
especially when combined with exercise training—increase
fat-free mass and muscle size.** In HIV-infected men,
testosterone therapy has been used in both hypogonadal
men® and eugonadal men.” It has been shown to increase
lean-body mass and it is also relatively safe and cheap. In
various trials, the therapy is frequently combined with
resistance exercise.””

There is evidence that loss of body weight, especially
lean-body mass and body cell mass, is associated with shorter
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Table 1. Characteristics of included studies

R Review

Study

Berger 1996*

Bhasin 1998

Bhosin 2000

Coodley 1997

Dobs 1999*

Grinspoon 1998*

Grinspoon 2000%

Miller 1998%

Methods

Double-blind,
placebo-controlled,
randomised study.
Double-blind,
placebo-controlled,
randomised study
Double-blind,
placebo-controlled,
randomised study.
Double-blind,
placebo-controlled,
randomised study.
Double-blind,
placebo-controlled,
randomised studly.

Double-blind,
placebo-controlled,
randomised studly.

Double-blind,

placebo-controlled,
randomised study.

Double-blind,
placebo-controlled,
randomised studly.

Participants

HIV men, unknown
testosterone level

HIV men with
low testosterone
level

HIV men with
low testosterone
level

HIV men with
low testosterone
level

HIV men with
low testosterone
level

HIV men with
low testosterone
level

HIV men, normal
testosterone
level

HIV women with
low testosterone
level

Interventions

Oxandrolone 5 mg

or 15 ing or placebo
for 16 weeks

2 testosterone patches
or 2 placebo patches
for 12 weeks

IM testosterone or
placebo +/- exercise
for 16 weeks

IM testosterone or
placebo for 3 months

Testosterone patch or
placebo patch for
12 weeks

Testosterone or placebo

for 6 months

IM testosterone or
placebo +/- exercise
for 12 weeks

Testosterone or
placebo patches for
12 weeks

Outcomes Notes Allocation
concealment
No significant change Randomisation B

in weight. LBM not

not described

assessed

LBM and FFM Randomisation B
increased, No change  not described

in weight.

LBM and FFM Randomisation A
and weight by randomisation
increased schedules

No significant change Randomisation B
in weight, LBM not described

not assessed

No significant Randomisation B
differences in weight not mentioned

or BCM in 2 groups

after 12 weeks

FFM and LBM and Randomisation A
weight increased in by a permuted

the treatment group block algorithm

LBM and weight Randomisation A
increased significantly by a permuted

more in the treatment  block algorithm

group

FFM and weight not Randomisation A
significantly different not described

between the 3 groups  but blinded

IM=intramuscular, LBM=lean-body mass, FFM=fat-free-mass, BCM=body-cell mass, A=adequate, B=unclear.

survival in HIV patients.””® In addition, loss of body weight
and lean-body mass lead to deterioration in exercise
functional capacity.”

Objective

Here we present a systematic review and meta-analysis on
the randomised controlled trials that compare the effects of
testosterone therapy and placebo on HIV-positive men with
wasting. The primary aim was to assess whether testosterone
therapy compared with placebo improves lean-body mass or
fat-free mass or body cell mass. The secondary aims were to
assess body weight, over-all exercise functional capacity,
perceived quality of life, and adverse effects between the two
groups.

Methods

Criteria for considering studies for this review

Types of study

Only randomised placebo-controlled trials were included and
were either single-blinded or double-blinded. The method of
randomisation and quality of concealment of allocation were
analysed. In addition, it was considered whether intention-
to-treat analysis was applied in the trials.

Types of participant

HIV-positive men or women above the age of 18 were
included. The inclusion criteria for weight was either greater
than 5% or greater than 10% weight loss or less than 90%
ideal body weight. Either eugonadal or hypogonadal patients
were included.

Types of intervention

Any type of testosterone therapy, either synthetic or non-
synthetic, was included if compared with placebo. The
therapy could be given by any route, including oral, patches,
and intramuscular injection routes. The duration of each trial
was greater than 12 weeks. Resistance exercise combined with
testosterone therapy was included.

Types of outcome measure

The primary outcome measure was lean-body mass, fat-free
mass, or body cell mass. The secondary outcome measures
were body weight, over-all exercise functional capacity,
perceived quality of life, and adverse effects.

Review methods

After initial selection of trials for inclusion in the review (see
search strategy panel) we used a derived data extraction
form to assess the quality of the trials—including the
method of randomisation, quality of concealment, and
intention-to-treat analysis—and collected data about the
participants and interventions. Meta-analysis was done
through Cochrane Collaboration’s Review Manager
Software 4-1. Only continuous data was available for total
body weight, lean-body mass, or fat-free mass and body cell
mass. All standard errors from the trials are converted to
standard deviations unless the standard deviations were
already reported. The over-all effect was estimated by
weighted mean difference (WMD) and 95% confidence
interval. Chi-squared tests were used to test statistical
heterogeneity in all trials. Both fixed-effect and random-
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Table 2. Characteristics of excluded studies

Testosterone and HIV wasting syndrome

Reason for exclusion
Not a randomised placebo-controlled trial.

Study
Gold 1996*

Grinspoon 1999%
Hengge 1996%*
Rabkin 1998%
Rabkin 1999%*
Rabkin 2000
Sattler 1999%
Strawford 1999

Same study as Grinspoon 1998*
Not a randomised placebo-controlled trial.

Not a randomised, placebo-controlled trial
Not a placebo-controlled trial.

testosterone replacement
Strawford 1999

Open trial and then double-blind, placebo-controlled discontinuation trial.
Open trial and then randomised, placebo-controlled discontinuation trial.

Although it is a randomised controlled trial, all patients received 8 weeks resistance exercise with physiological intramuscular

21 days of placebo-controlled study followed by 12 weeks of open-label follow up. The analysis was only done on 10 out of 18

patients who finished the open-label study and there was no mention of who were in the placebo group among the 10 patients.

Van Loan 1998

There was only 3 weeks of double-blind, randomised, placebo-controlled intervention and then the next 12 weeks was open-label.

The outcome analysis was not done on placebo group and done only on 8 out of 18 who finished the study.

Wagner 1999

The double-blind, placebo-controlled trial was only for 6 weeks followed by 12 weeks of open-label maintenance treatment. The

assessment of weight was not done after 6 weeks but done after the whole study. The placebo group then received testosterone

and the effect of intervention was difficult to determine.

effect models were used to assess the effects on the basis of
the presence or absence of heterogeneity (p<0-05). There
was clinical and statistical heterogeneity between the eight
trials. A random-effect model was used in all analysis,
except in the case of subgroup analysis when there was
significant clinical and statistical homogeneity (p>0-05)
between the trials.

Due to the heterogeneity of the reporting of adverse
effects, a meta-analysis was not appropriate but a table
showing the incidence is provided instead. Berger et al®
used two different doses of testosterone therapy to compare
with placebo and Miller et al® also had three arms

consisting of two testosterone patches, or one testosterone
patch and one placebo patch, versus two placebo patches.
For these two studies the two different strengths of
testosterone were considered as two separate trials in the
meta-analysis.

Results

The search found 513 citations, of which 19 articles thought
to be relevant were chosen to be assessed by the two reviewers
independently. Eight articles were finally agreed for inclusion
(table 1) and 11 articles were excluded (table 2). In total there
were only 417 randomised patients in the meta-analysis.

Study Treatment Mean (SD) Control Mean (SD) WMD Weight WMD
(n) (n) (95%Cl fixed) (%) (95%Cl fixed)
Intramuscular route
Bhasin 200027 15 2-90 (3-87) 12 —0-40 (3-46) —_— 2:3 3-30 (0-53, 6:07)
Grinspoon 199825 22 2-00 (3-20) 20 —0-60 (3-30) —a— 4-6 2-60 (0:63, 4-57)
Grinspoon 200026 10 4-20 (2-30) 12 0-00 (2-:70) —_— 4.0 4-20 (2:11, 6-29)
Subtotal (95% Cl) a7 44 - 10-9 3:34 (2:07, 4-61)
Test for heterogeneity x2=1-19 df=2 p=0-55
Test for overall effect z=5-15 p<0-00001
Patches
Bhasin 199831 14 1-36 (1-98) 18 0-19 (1-99) o— 9:2 1-17 (—0-22, 2-56)
Dobs 199933 67 0-30 (2:30) 66 0-60 (2-30) 28-9 —0-30 (—1-08, 0-48)
Miller 199830 18 0-50 (1-27) 17 0-00 (1-24) } 255 0-50 (—0-33, 1-33)
Miller 199830 16 0-00 (1-20) 17 0-00 (1-24) 255 0-00 (—0-83, 0-83)
Subtotal (95% Cl) 115 118 > 89-1 0-17 (—0-28, 0-61)
Test for heterogeneity x2=4-15 df=3 p=0-25
Test for overall effect z=0-73 p=0-5
Total (95% Cl) 162 162 7S 100-0 0-51 (0-09, 0-93)
Test for heterogeneity x2=26-64 df=6 p=0-0002
Test for overall effect z=2-39 p=0-02
I T T 1
-10 -5 (0} 5 10

Favours control  Favours treatment

Figure 1. Testosterone versus placebo for lean-body mass, fat-free mass, or body cell mass; intramuscular or patches.
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Quality of included studies

All the studies included were double-blind placebo-
controlled studies. However, only four of eight studies were
thought to have adequate concealment of allocation.”*”* The
method of blinding of placebo was only adequately described
in four of eight studies.®*** In general, the reporting
method of the studies was poor. Intention-to-treat analysis
was applied only in three studies.”

Change in lean body mass

Berger et al” and Coodley et al” did not report lean-body
mass or fat-free mass. This did not seem to be due to
reporting bias but, rather, due to the fact that lean-body
mass or fat-free mass were not included in their outcome
measures. Therefore, these two studies could not be included
in this meta-analysis. Dobs et al”* used body cell mass rather
than lean-body mass or fat-free mass as their outcome
measure. But, as mentioned before, lean-body mass is
equivalent to body cell mass plus extracellular material.
Assuming that there is minimal change in the extracellular
material, the change in body cell mass should reflect the
change in lean-body mass. Therefore, Dobs et al is included
in the meta-analysis although a sensitivity analysis was done
to see the effect of excluding this trial. Meta-analysis of the
six trials using the random-effect model showed that the
difference in the change in lean-body mass favouring
testosterone group was 1-22kg (95% CI 0-23-2-22 kg,
p=0-02). The result was 0-51kg for fixed-effect model
(0-09-0-93, p=0-02). Only the fixed-effect model figure is
shown in figure 1. The heterogeneity tests revealed x* of
p=0-0002, 26:64 (df=6), which confirmed heterogeneity
between trials. The heterogeneity shown was due to the
differences in the mode of administration of testosterone.

R Review

Dobs et al, Miller et al, and Bhasin et al used testosterone
patches®* while the other three studies, Bhasin et al,
Grinspoon et al, and Grinspoon et al used intramuscular
injections (figure 1).”% Subgroup analysis of the three trials
that used intramuscular testosterone showed no significant
heterogeneity between the trials (x*=1-19, df=2, p=0-55). All
three trials showed positive outcomes and the over-all
change in the lean-body mass using fixed-effect model was
3-34 kg (2-07-4-61, p<0-00001) (figure 1). This result was
exactly the same if a random-effect model was used.
Unfortunately, the subgroup analysis was done post hoc—ie,
after the protocol was completed—and may be subject to
bias.

In the post-hoc sensitivity analysis, if the women were
excluded® from the six trials, the over-all increase in lean-
body mass, fat-free mass, or body cell mass was 1-99 kg
(0-23-3-76, p=0-03) for random effect and 0-79 kg
(0-19-1-39) for fixed effect. If Dobs et al* (which is the only
trial that used body cell mass as an outcome measure) was
also excluded, the increase in lean-body mass or fat-free mass
was 2:63kg (1:19-4-06) for random effect and 2-35kg
(1-41-3-29) for fixed effect (figure 2). Therefore, the direction
of the over-all effect remains the same although the
magnitude of the effect varies depending on which trial was
excluded in the sensitivity analysis. This strengthens the
confidence that can be placed in the results.

Change in body weight

Meta-analysis of the eight trials using the random-effect
model showed that the difference in the mean change in the
body weight between the testosterone group and placebo
group was 1-04 kg (—0-01-2-10, p=0-05) (figure 3) and
0-63 kg (—0-01-1-28, p=0-05) for fixed-effect model. The

Treatment Mean Control Mean WMD Weight WMD
Study (n) (SD) (n) (SD) (95%Cl fixed) % (95%Cl fixed)
Men only
Bhasin 199831 14 1-36 (1-98) 18 0-19 (1-99) L 129 1-17 (-0-22,2:56)
Bhasin 200027 15 2-90 (3-87) 12 -0-40 (3:46) — 32 3-30 (0-53,6-07)
Grinspoon 199825 22 2-00 (3-20) 20 -0-60 (3:30) - 6-4 2.60 (0-63,4-57)
Grinspoon 200026 10 4.20 (2-30) 12 0-00 (2:70) — 5.7 4.20 (2:11,6-29)
Subtotal (95% Cl) 61 62 P 28:3 2:35(1-41,3:29)
Test for heterogeneity x2=6-31 df=3 p=0-097
Test for overall effect z=4-91 p<0-00001
Women only
Miller 199830 18 0-50 (1-27) 17 0-00 (1-24) 35.9 0-50 (-0-33,1-33)
Miller 199830 16 0-00 (1-20) 17 0-00 (1-24) _r 12-9 0-00 (-0-83,0-83)
Subtotal (95% Cl) 34 34 S 717 0-25 (-0-34,0-84)
Test for heterogeneity x2=0-69 df=1 p=0-4
Test for overall effect z=0-83 p=0-4
Total (95% Cl) 95 96 PS 100-0 0-84 (0-34,1-34)
Test for heterogeneity x2=20-80 df=5 p=0-0009
Test for overall effect z=3-32 p=0-0009
[ I I 1
-10 =5 0 5 10
Favours control Favours treatment
Figure 2. Testosterone versus placebo for lean-body mass or fat-free mass; men only or women only.
THE LANCET Infectious Diseases Vol 2 November 2002  http://infection.thelancet.com 695
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Study Treatment Mean (SD) Control Mean (SD) WMD Weight WMD
(n) (n) (95%Cl fixed) (%) (95%Cl fixed)
Men only
Berger 19962° 17 3-30 (22:68) 17 —-6-60 (16-49) 0-6 9-90 (—3:43, 23:23)
Bhasin 199831 14 0-60 (1-87) 18 0-60 (2:55) —— 17-1 0-00 (—1-53, 1-53)
Bhasin 200027 17 2-90 (3-30) 14 0-70 (2:62) — - 131 2:20 (0-12, 4-28)
Coodley 199732 12 —0-12 (0-00) 15 0-87 (0-00) 0-0 Not estimable
Dobs 199933 67 0-75 (3-13) 66 1-10 (3-11) — 21-0 -0-35(-1-41,0-71)
Grinspoon 199825 22 1-60 (5-80) 19 -0-30 (5-50) —1 6-9 1-90 (-1-96, 5-36)
Grinspoon 200026 10 2-70 (2:60) 12 -0-60 (2-50) —— 12.7 3-30 (1-16, 5-44)
Subtotal (95% Cl) 159 161 B 71-5 1-29 (-0-21, 2:97)
Test for heterogeneity x2=14-44 df=5 p=0-013
Test for overall effect z=1-68 p=0-09
Women only
Miller 199830 18 0-90 (1-70) 15 0-60 (3-10) 15-4 0-30 (—1-45, 2-05)
Miller 199830 16 1-90 (2-80) 15 0-60 (3:10) E ALeydL, 1-30 (—0-78, 3:38)
Subtotal (95% CI) 34 30 28-5 0-71 (—0-63, 2:10)
Test for heterogeneity x2=0-52 df=1 p=0-047
Test for overall effect z=1-04 p=0-03
Total (95% Cl) 193 191 - 100-0 1-04 (-0-01, 2-10)
Test for heterogeneity x2=14-97 df=7 p=0-036
Test for overall effect z=1-93 p=0-05
I T T 1
-10 -5 0 5 10

Figure 3. Testosterone versus placebo for total body weight.

heterogeneity tests showed that x* was 17-87 (df=8, p=0-022),
which confirmed heterogeneity between the trials. Coodley et
al did not give a standard deviation nor a standard error or a
confidence interval for us to work out the standard deviation
for their results.”” As a result their contribution to meta-
analysis was not estimable. Excluding the women from the
trials® in the sensitivity analysis marginally increased the total
body weight to 1-54 kg (—0-03-3-10, p=0-05).

Resistance exercise as a co-intervention
Only two trials, Bhasin et al and Grinspoon et al, used
resistance execise as co-intervention with intramuscular

Favours control ~ Favours treatment

testosterone injection.”” The difference in the lean-body
mass between testosterone with exercise group and placebo
with exercise group was 128 kg (—0-18-2-73) and this was
not significant with p=0-077 (figure 4). The difference in the
total body weight between the two groups was —0-79 kg
(—0-26-0-58, p=0-13).

Over-all exercise functional capacity/muscle
strength

The included studies used different methods to assess over-
all functional capacity and muscle strength, making meta-
analysis of continuous variables impossible. Meta-analysis

Study Treatment Mean (SD) Control Mean (SD) WMD Weight WMD
(n) (n) (95%Cl fixed) (%) (95%Cl fixed)

Total body weight

Bhasin 200027 15 0-70 (2-30) 15 2:20 (2:30) —.— 69-3 —1-50 (—3-15, 0-15)

Grinspoon 200026 11 2-50 (2-:50) 10 1-70 (3:20) — 30-7 0-80 (—1-67, 3:27)
Subtotal (95% Cl) 26 25 - 100:0 —0-79 (—2-16, 0-58)
Test for heterogeneity x2=2-30 df=1 p=0-13
Test for overall effect z=1-14 p=0-3
Lean body mass or fat free mass

Bhasin 200027 15 1-60 (3-10) 15 2-00 (3:49) —il— 379 —0-40 (—2-76, 1-96)

Grinspoon 200026 11 4-60 (2:10) 10 2-30 (2-20) —— 62-1 2-30 (0-46, 4-14)
Subtotal (95% Cl) 26 25 e 100-0 1-28 (0-18, 2-73)
Test for heterogeneity x2=3-12 df=1 p=0-077
Test for overall effect z=1:72 p=0-08

o 5 o 5 D

Favours control Favours treatment

Figure 4. Testosterone with exercise versus placebo with exercise for total body weight and lean-body mass.
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Table 3. Adverse effects

Study Treatment Control
Berger 1996® 36/42 20/21
Bhasin 1998° 11/20 9/21
Bhasin 2000* 2/32 1/29
Dobs 1999* 1/67 1/66
Grinspoon 1998* 3/22 4/19
Grinspoon 2000% 2/24 1/26
Miller 1998% 4/36 3/17

of dichotomous variables was also impossible because there
was no number of events—ie, number of people improved
in exercise capacity—reported for each group. Of the eight
included studies, only three studies reported improved
exercise functional capacity or muscle strength in the
treatment group compared with placebo group.*”* Four
studies reported no difference in exercise functional
capacity or muscle strength between the treatment group
and placebo group.””~' Dobs et al did not include over-all
exercise functional capacity as an outcome measure.”

Perceived quality of life

Again, meta-analysis could not be done on the included
studies because of the different quality-of-life scales used.
These included the RAND 36-item health survey
questionnaire, perceived well-being assessed using a scale
adapted from Oster et al, the HRQL survey, the EUROQOL
Feeling Thermometer scale, the sexual functioning
questionnaires for males, and quality-of-life indicators. Of
the eight included studies, two did not include quality of life
as part of the outcome measures.”” Three studies reported
improvement in the perceived quality of life in treatment
group compared with placebo group.”” Three studies
reported no significant differences in the perceived quality
of life between the treatment group and placebo group.”***

Adverse events

Of the eight included studies, Coodley et al did not give the
number of adverse events,” although the study reported no
difference between the two groups in terms of side-effects
(which were pain in the injection site, fatigue, and
weakness). The other studies did not record or report the
adverse events consistently and interpreted adverse events
differently. For example, Berger et al” noted that all patients
for whom data was collected reported at least one adverse
event whereas in Dobs et al, the rates of adverse events were
less than 2% in both groups.” In view of the heterogeneity
of the reporting of the adverse effects, meta-analysis is not
appropriate, but their incidence is given in table 3. In
general, the incidence does not differ much between the two
groups. The adverse events include local reaction to patches,
acne, gynaecomastia, or breast tenderness.

Discussion

This review supports a small but significant change in lean-
body mass and body weight with testosterone therapy. There
are limitations, however, to this review. Although the search

B Review

was meant to be comprehensive, grey literature was not
included due to time restraint and limited manpower in
searching. The analyses were not based on individual
participant data but on the data extracted from published
articles, which might have reporting bias. Despite the meta-
analysis there were only a small number of randomised
patients in total because most included studies only had a few
patients, which may exaggerate the treatment effects. There
was also significant heterogeneity between the eight included
trials in terms of participants, interventions, and outcome
measures. For example, in terms of participants, both men
and women were included, all of whom had different
concentrations of testosterone before the trials. As for
interventions, different studies used different types of
testosterone therapy with different doses, frequencies, routes,
and duration. Different outcome measures were also used in
different trials. The small numbers of patients that came from
the eight trials with significant heterogeneity potentially
introduced bias into the methods and results. A funnel plot
was done to exclude publication bias and it showed an
asymmetry (only available in Rev Man for reviewers). It was,
however, difficult to interpret in this review as small number
of trials and significant heterogeneity between trials may both
contribute to the asymmetry. However, post-hoc sensitivity
analysis was done to test the stability of findings across
different participants and routes of intervention, and to test
for inconsistencies and prevent misleading conclusions.

In general, testosterone increased lean-body mass or fat-
free mass more than placebo group by 1-22 kg (0-23-2-22,
p=0:02). There was an obvious difference between the
intramuscular route and patches. The subgroup analysis of
the three trials using the intramuscular route showed a
significant difference in the lean-body mass between the two
groups of 3-34 kg (2:07—4-61). There was no evidence from
this review to suggest that testosterone patches were more
effective than placebo in gaining lean body mass (the
difference was 0-20 kg, —0-34-0-73). The subgroup analysis
has to be interpreted with caution as it was obtained post-
hoc. In addition, the value of randomisation would have been
lost since there was no direct randomisation between
intramuscular route and patches. Although no definitive
conclusion can be drawn from the post-hoc analysis, it does
suggest that intramuscular testosterone may be more
effective in reversing lean-body mass loss than testosterone
patches. All three trials using intramuscular testosterone
showed a positive effect on lean-body mass and there was no
significant heterogeneity between the trials. The subgoup
analysis can serve as a hypothesis for future research.

The difference in the change of mean body weight
between treatment group and placebo group was 1-04 kg
(—0-01-2-10, p=0-04). Although the total body weight is not
the primary outcome measure, testosterone therapy seems to
have a small positive effect in total body weight in patients
with HIV wasting syndrome. However, the amount of HIV
wasting often correlates more closely with changes in lean-
body mass than with reduction of total body weight.

Miller et al” is the only trial on HIV-positive women to
date and the testosterone patches used in that trial did not
seem to increase lean-body mass. But intramuscular injection
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Search strategy and selection criteria

A search of the following electronic database took place between
June and September 2000: Medline, Embase (Ovid search form),
Science citation index, Index to scientific and technical
proceedings, AIDSLINE, Cochrane database of systematic
reviews, Database of abstracts of reviews of effectiveness, and
Cochrane clinical trials register. In addition, the references from
relevant articles were handsearched. The following keywords
were searched: “HIV”, “HIV infections”, “acquired immuno-
deficiency syndrome”, “HIV wasting syndrome”, “wasting
syndrome”, “weight loss”, “cachexia”, “clinical trials”, “random
allocation”, “randomised controlled trials”, “double-blind
method”, “placebos”, “single-blind method”, and “testosterone”.
The search was not limited to English although only articles in
English were identified. There is currently an international
multicentre trial on intramuscular testosterone therapy in HIV
wasting syndrome . It aims to recruit around 300 patients and will
be the biggest randomised placebo trial so far. It is hoped that
when this trial is finished and published, the systematic review
will be updated to include this study.

may be used in the future for further research in HIV-
positive women with wasting syndrome. Intramuscular
testosterone may also be relevant to other groups of patients
with wasting disease, particularly cancer patients with
cachexia and weight loss. It is believed that there are some
similarities in the mechanisms of weight loss beween HIV
and cancer. So far there have been no randomised controlled
trials of intramuscular testosterone for cancer-related weight
loss. This may be a topic for future research especially for
cachectic cancer patients who are undergoing curative
treatments.

Grinspoon et al” continued an open-label testosterone
administration for an extra 6 months after a double-blind,
randomised, placebo-controlled study.” Patients initially
randomised to placebo gained lean-body mass only after
crossover to testosterone administration. By contrast,
patients initially randomised to testosterone continued to
gain lean-body mass during open-label administration and
had gained more lean-body mass at 1 year than did patients
receiving testosterone for only the final 6 months of
the study.

Testosterone and HIV wasting syndrome

Testosterone  may  decrease = HDL  cholesterol
concentrations and there has been a concern about the
abnormal lipid profiles in patients recovering from wasting
and in patients on protease inhibitors.”** Long-term follow-
up on patients receiving testosterone injection is needed.
Resistance exercise has been associated with a significant
increase in HDL cholesterol and may increase lean-body mass
as much as testosterone therapy. Roubenoff et al** showed that
progressive resistance exercise increased muscle strength and
lean body mass (1-75 SD 1-94 kg) in HIV patients. In view of
the independent positive effect of resistance exercise on
various outcome measures, subgroup analysis on patients
who had resistance exercise a co-intervention was done. It
showed that testosterone therapy combined with resistance
increased lean-body mass more than placebo with exercise
(1-28 kg, —0-18-2-79) but not body weight. A larger sample is
needed to show a difference because the result was not
statistically significant.

Conclusions

Testosterone therapy has been shown in this review to
increase lean-body mass more than placebo. The increase is
even greater if the therapy is given intramuscularly. There is
also a small positive effect on total body weight. The study is,
however, limited by the small numbers and heterogeneity of
the population, which potentially introduced bias into the
methods and results. Testosterone therapy may be
considered in patients with HIV wasting syndrome to reverse
muscle loss. The results may also be applicable to other
diseases with muscle wasting, including malignant disease
since there are some similarities between the two conditions,
although more research is needed. There is a concern about
the adverse metabolic effects of long-term testosterone
administration and long-term follow-up for these patients is
needed.
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Clinical picture

Concomitant bilateral herpes zoster opthalmicus

A 75-year-old man presented with general weakness and
nausea for 3 weeks. He had a history of prostate carcinoma,
stage III, hormone refractory with metastasis to the bones,
for which he underwent radical prostatectomy and was
treated with antiandrogens, luteinising-hormone-releasing-
hormone agonist, and systemic chemotherapy. Other
problems included anaemia of chronic disease, gastro-
oesophageal reflux, and osteoarthritis. He received
recombinent erythropoetin weekly. Vital signs were stable
on presentation and clinical examination was unremarkable.
Initial tests revealed white blood cell count 4-3X10°/L,
haemoglobin 8-5g/dL, platelet count 9-5X10°/L, and
prostate-specific antigen 1848 units. Within a few days he
developed a vesicular rash on the right of his forehead.
Within 48 h of the appearance of the first rash he developed
similar vesicular eruptions on the contralateral forehead in
the distribution of the first branch of the trigeminal nerve
(figure). His signs and symptoms were consistent
with bilateral herpes zoster opthalmicus and a Tzank
smear was positive. The patient responded to systemic
acyclovir therapy.

Herpes zoster (shingles) opthalmicus is a sight-
threatening condition linked to varicella zoster virus
reactivation within the trigeminal ganglion, causing
perineuritis, perivascultis, and neuronal death. The frontal
branch within the opthalmic division of trigeminal nerve is
most commonly involved and 50-72% patients experience
direct ocular involvement. Non-contiguous multi-
dermatomal herpes zoster is very rare in both
immunocompetent and immunosuppressed people. Early
diagnosis is critical to prevent progressive corneal

involvement and loss of vision. Standard treatment is
systemic acyclovir or famciclovir and adjunctive topical
steroid drops.

Hassan Pervez, Anil Potti, and Syed A Mehdi

Department of Internal Medicine, University of North Dakota School of
Medicine and Health Sciences, and Department of Hematology/
Oncology, Veterans Affairs Medical Center, Fargo, ND, USA

Correspondence: Dr Anil Potti, Department of Medicine, University of

North Dakota School of Medicine and Health Sciences, 1919 EIm ST
N, Fargo, ND 58102, USA. Email apotti@medicine.nodak.edu

THE LANCET Infectious Diseases Vol 2 November 2002  http://infection.thelancet.com

699



