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Objective: Testosterone supplementa-
tion may produce antidepressant effects
in men, but until recently it has required
cumbersome parenteral administration.
In an 8-week randomized, placebo-con-
trolled trial, the authors administered a
testosterone transdermal gel to men aged
30-65 who had refractory depression and
low or borderline testosterone levels.

Method: Of 56 men screened, 24 (42.9%)
displayed morning serum total testoster-
one levels of 350 ng/dl or less (normal
range=270-1070). Of these men, 23 en-
tered the study. One responded to an ini-
tial 1-week single-blind placebo period,
and 22 were subsequently randomly as-
signed: 12 to 1% testosterone gel, 10 g/
day, and 10 to identical-appearing pla-
cebo. Each subject continued his existing
antidepressant regimen. Ten subjects re-
ceiving testosterone and nine receiving
placebo completed the 8-week trial.

Results: The groups were closely matched
on baseline demographic and psychiatric
measures. Subjects receiving testosterone
gel had significantly greater improvement
in scores on the Hamilton Depression Rat-
ing Scale than subjects receiving placebo.
These changes were noted on both the
vegetative and affective subscales of the
Hamilton Depression Rating Scale. A sig-
nificant difference was also found on the
Clinical Global Impression severity scale
but not the Beck Depression Inventory.
One subject assigned to testosterone re-
ported increased difficulty with urination,
suggesting an exacerbation of benign pro-
static hyperplasia; no other subject re-
ported adverse events apparently attrib-
utable to testosterone.

Conclusions: These preliminary findings
suggest that testosterone gel may pro-
duce antidepressant effects in the large
and probably underrecognized popula-
tion of depressed men with low testoster-
one levels.

(Am J Psychiatry 2003; 160:105-111)

Several lines of evidence suggest that testosterone and
other androgens might be effective in the treatment of
major depressive disorder in certain men. First, depressed
men in some studies (1, 2) exhibited low plasma or serum
testosterone levels, although this association is inconsis-
tent and probably influenced by additional factors (3-5).
Second, hypogonadal men often exhibit depressive symp-
toms, and testosterone replacement may improve these
symptoms (6, 7). This finding extends to men with HIV-in-
duced hypogonadism (8, 9). Third, anabolic steroid abus-
ers, who ingest markedly supraphysiologic doses of test-
osterone and related androgens, sometimes develop
manic or hypomanic symptoms during androgen use and
depressive symptoms during androgen withdrawal (10).
Fourth, uncontrolled studies of depressed men in the
1940s and 1950s (10, 11), together with a few controlled
studies in the 1970s and 1980s (12, 13), have suggested that
testosterone and other androgens might have antidepres-
sant properties. Two more recent studies have produced
somewhat contradictory results in this area. In the first,
Seidman and Rabkin (14) added open-label intramuscular
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testosterone enanthate, 400 mg every 2 weeks, to the exist-
ing antidepressant regimens of five men with refractory de-
pression and low or borderline plasma total testosterone
levels (200-350 ng/dl; reference range=300-990 ng/dl).
These men’s mean score on the Hamilton Depression Rat-
ing Scale declined significantly over 8 weeks. Subsequently,
Seidman et al. (15) conducted a randomized, placebo-con-
trolled trial of testosterone enanthate for 30 men with ma-
jor depressive disorder and testosterone levels of 350 ng/dl
or less. Unlike the men in the previous open-label study,
however, these subjects were not simultaneously taking
antidepressants. After 6 weeks of treatment, the investiga-
tors found no significant difference between testosterone
and placebo in scores on the Hamilton Depression Rating
Scale or Beck Depression Inventory.

The preceding lines of evidence, although inconsistent,
suggest that testosterone might benefit at least some de-
pressed men—perhaps especially those with low plasma
testosterone levels—although these antidepressant effects
are likely variable and idiosyncratic (15). However, given
the prevalence of treatment-resistant depression (16), fur-
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ther investigation of testosterone’s possible antidepres-
sant effects seems warranted.

Another stimulus for further investigation has been the
introduction of new modes of administration for test-
osterone, such as patch (17, 18) and gel (19) preparations,
which offer alternatives to intramuscular injections of tes-
tosterone and to potentially hepatotoxic orally active syn-
thetic androgens (20). We took advantage of one of these
products, a transdermal 1% testosterone gel, to conduct a
placebo-controlled, double-blind study of testosterone
supplementation for men with refractory depression and
low or borderline testosterone levels.

Method

Subjects

We recruited men meeting the following inclusion criteria:
1) age between 30 and 65 years, 2) current treatment with an ade-
quate dose of antidepressant medication (as defined by the man-
ufacturer’s published product information) for at least 4 weeks,
3) symptoms still meeting the DSM-1V criteria for current major
depressive disorder, 4) a low or borderline morning serum total
testosterone level (100-350 ng/dl; normal range in our laboratory,
270-1070 ng/dl), and 5) a normal prostate-specific antigen (PSA)
level (<1.5 ng/ml in men aged 30-39, <2.5 ng/ml in men 40-49,
<3.5 ng/ml in men 50-59, and <4.0 ng/ml in men 60-64).

Potential subjects, recruited through radio advertisements and
referrals, were seen at the Biological Psychiatry Laboratory at
McLean Hospital for an initial screening visit, scheduled before
10:00 a.m., when testosterone levels would normally be at their di-
urnal maximum (21). After complete description of the study to the
subjects, written informed consent was obtained. The subjects
were then assessed with the depression module of the Structured
Clinical Interview for DSM-IV (SCID) (22) to confirm the diagnosis
of current major depressive disorder. Subjects who did not meet
the criteria for current major depressive disorder or who reported
active suicidal ideation were excluded from the study. We next ad-
ministered the American Urological Association Symptom Index
for benign prostatic hyperplasia (23), in which a score of 0-7 is de-
fined as “mild,” 8-19 as “moderate,” and 20-35 as “severe.” Subjects
scoring higher than 14 on this index were excluded. Blood was then
collected for measurement of total testosterone and PSA levels.

Men displaying low testosterone and normal PSA levels ac-
cording to our laboratory criteria were invited to return for a
second screening evaluation. The assessments at this visit in-
cluded 1) basic demographic questions, 2) the remainder of the
SCID, 3) questions regarding history of previous antidepressant
drug treatment, 4) the Hamilton Depression Rating Scale, 5) the
Beck Depression Inventory, 6) the Clinical Global Impression, 7) a
medical history, 8) a physical examination, including measure-
ment of vital signs, calculation of body mass index, and digital
rectal examination of the prostate, 9) collection of blood and
urine samples for urinalysis, standard chemistries, blood cell
counts, and HIV serology measurements, 10) ECG, and 11) deter-
mination of body fat with calipers, together with calculated fat-
free mass index, a measure of muscularity previously developed
in our laboratory (24). Subjects were excluded if they exhibited
1) any substance use disorder within the past year (or illicit ana-
bolic steroid use at any time in their lives), 2) current or past psy-
chotic symptoms, 3) a history of bipolar I or bipolar II disorder,
4) any abnormality during the digital rectal examination, or 5) ev-
idence of other clinically significant medical disease. The qualify-
ing subjects then began 1 week of single-blind administration of
placebo gel. All subjects continued taking their existing antide-
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pressant medications, together with any other prescribed medi-
cations, at their present doses throughout the study.

Week 0 (Baseline)

After the single-blind placebo period, the subjects returned for
a baseline visit, during which they were assessed for scores on the
Hamilton Depression Rating Scale, Beck Depression Inventory,
and Clinical Global Impression measure of severity of illness; for
adverse events; and for vital signs. Results from the ECGs and the
laboratory tests for which blood was drawn at screening were also
reviewed. Subjects were withdrawn from the study at this point if
they 1) displayed more than 50% improvement on the Hamilton
Depression Rating Scale or Beck Depression Inventory after the
placebo treatment or 2) were found to have a clinically significant
abnormality on the laboratory tests or ECG. The subjects who
qualified to continue in the study were then randomly assigned to
receive either 10 g of 1% testosterone gel or placebo gel daily for
the next 7 days. Drug and placebo were supplied in identical-ap-
pearing packets containing either 2.5 g of testosterone gel or a
placebo gel, so that the starting dose was four packets per day.

Randomization and Blinding

An independent research assistant, not otherwise involved in the
study, placed testosterone and placebo gel packets in numbered
containers, using a randomization schedule that was not “blocked”
or stratified. Thus, each subject had a 50% chance of receiving either
treatment, determined independently of the treatment assignment
of all other subjects. At baseline, the principal investigator (H.G.P)
assigned sequential numbers to the subjects as they were randomly
assigned and supplied study medication to them from the corre-
sponding numbered containers. Each subject and all study investi-
gators (except for the unblinded dose adjuster; see following sec-
tion) remained blinded to that subject’s treatment assignment until
all of his ratings were completed at study termination.

Week 1

At week 1, the subjects were again assessed for scores on the
Hamilton Depression Rating Scale, Beck Depression Inventory,
and Clinical Global Impression (both severity of illness and im-
provement from baseline); for adverse events; and for vital signs.
In addition, the subjects provided blood for determination of to-
tal testosterone level; the blood sample was drawn at least 4 hours
after the morning application of the gel. This level was communi-
cated to a separate unblinded investigator (J.I.H.), who ordered a
reduced dose of gel (7.5 g, or three packets) for any subject ex-
ceeding the normal range (>1070 ng/dl). This investigator also
performed sham dose adjustments for the placebo-treated pa-
tients to ensure that the subjects and investigators remained
blinded. The unblinded dose adjuster was permitted only to
lower, not to raise, the dose of study drug. Throughout the study
he had no contact with any of the subjects and no discussions
with the other investigators regarding the subjects.

Weeks 2, 4, 6, and 8

The subjects were seen at each of these time points for assess-
ment with the Hamilton Depression Rating Scale, Beck Depres-
sion Inventory, and Clinical Global Impression; for determination
of adverse events; and for measurement of vital signs. At week 8,
the subjects also received an additional determination of PSA
level and measurement of weight and body fat. When these as-
sessments were completed, the blind was then broken and the
treatment assignment determined. Since randomization was per-
formed without blocking or stratification, as already mentioned,
this unblinding gave the investigators no information regarding
the treatment assignment of subsequent subjects still undergoing
blinded treatment. Subjects who had received testosterone and
who felt that they had responded were referred to their original
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physicians for consideration of continued testosterone treat-
ment. Subjects who had received placebo were offered up to 4
weeks of treatment with testosterone gel by the investigators, fol-
lowed by referral to their original physicians.

Subjects were withdrawn before the 8-week point if they 1) vol-
untarily elected to withdraw for any reason, 2) displayed an ad-
verse event judged clinically significant by the investigators, or 3)
failed to comply with the requirements of the protocol.

Objectives, Outcomes, and Group Size

We hypothesized that testosterone supplementation would be
more effective than placebo in reducing depression, as assessed
by improvement in scores on the Hamilton Depression Rating
Scale, Beck Depression Inventory, and Clinical Global Impres-
sion. We also hypothesized that the subjects receiving testoster-
one gel would exhibit greater reductions in body fat and increases
in muscle mass than the subjects receiving placebo. The study
was planned to be exploratory and to guide future studies by pro-
viding an estimate of the magnitude and standard deviation of
the changes in outcome measures for each group. We chose a
group size of 22 for this purpose, recognizing that this small study
group would limit our power to detect significant differences be-
tween groups in outcome measures.

Statistical Analysis

The baseline characteristics of the two groups were compared
by using Fisher’s exact test for categorical variables and the t test
for continuous variables. Outcomes were assessed in both an in-
tent-to-treat group of patients, including those with at least one
available score on the efficacy measures, and a completers group,
defined as patients who completed the 8-week treatment period.

The primary protocol-defined analysis of efficacy was a re-
peated measures random regression analysis comparing the two
groups’ rates of change in scores on the Hamilton Depression
Rating Scale, Beck Depression Inventory, and Clinical Global Im-
pression severity measure during treatment, conducted accord-
ing to methods previously described (25, 26). Our model for the
mean value for each outcome measure included terms for treat-
ment, time, and treatment-by-time interaction. We modeled time
as a continuous variable, with weeks ranging from 0 to 8. The
measure of effect was the treatment-by-time interaction, which
can be interpreted as the difference in slope, or rate of change per
unit of time, of the efficacy measure. To account for the cor-
relation of observations within individuals, we calculated the
standard errors of the parameter estimates using generalized esti-
mating equations, with compound symmetry as the working co-
variance structure, as implemented by the PROC GENMOD com-
mand in SAS software (Cary, N.C., SAS Institute).

In the secondary intent-to-treat analysis, we used the last ob-
servation carried forward for all subjects completing at least one
postbaseline assessment and conducted t tests to compare the
groups on change from baseline to endpoint in scores on the
Hamilton Depression Rating Scale, Beck Depression Inventory,
and Clinical Global Impression severity scale.

For laboratory measures, including body fat and fat-free mass
index, we computed the mean difference between the endpoint
and baseline measurements, and we then compared the treat-
ment groups using t tests. We calculated correlation coefficients
by using rank-transformed data (Spearman rank correlation). All
statistical tests were two-sided with alpha=0.05.

Results

Recruitment and Participant Flow

We screened 56 men between September and Decem-
ber 2001. The mean age of these men was 46.9 years (SD=
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9.2, range=30-65). All of the 56 subjects met our criteria for
PSA level, benign prostatic hyperplasia, and persistent
major depressive disorder despite current antidepressant
treatment. Their mean serum total testosterone level, 403
ng/dl (SD=152), was remarkably low for their age range (1,
27). Testosterone level was inversely, but not quite sig-
nificantly, correlated with age (r;=—0.25, N=56, p=0.06).
Thirty-two subjects had testosterone levels above 350 ng/
dl and were excluded. Twenty-four (42.9%) of the subjects
had levels of 350 ng/dl or below; one of these men had a
value of only 84 ng/dl—below the limit of our inclusion
criteria—and was referred for endocrinological evalua-
tion. The remaining 23 qualifying subjects all agreed to
participate in the study. During the single-blind placebo
period, one subject improved by 61% on the Beck Depres-
sion Inventory and thus was withdrawn before random-
ization. The remaining 22 subjects were randomly as-
signed at week 0. Of these, three (13.6%) withdrew during
the trial: one failed to return for any postrandomization
visits, citing “scheduling problems,” and another with-
drew at week 4 for lack of improvement and increased
nocturia; both of these men had been randomly assigned
to testosterone. A third man was withdrawn by the investi-
gators at week 4 for worsening depression and suicidal
ideation; he had been assigned to placebo. The remaining
19 men (86.4%) completed the full 8-week study, 10 receiv-
ing testosterone and nine receiving placebo.

Baseline Characteristics of Subjects

The 12 subjects randomly assigned to testosterone did
not differ significantly from the 10 assigned to placebo in
terms of their attributes at screening (Table 1). The antide-
pressant medications and daily doses for the subjects re-
ceiving testosterone were paroxetine, 20-40 mg (N=3); cit-
alopram, 20 mg (N=2); bupropion, 300-450 mg (N=2);
venlafaxine, 150-225 mg (N=3); nefazodone, 400 mg (N=
1); and methylphenidate, 54 mg (N=1). The subjects as-
signed to placebo were taking paroxetine, 20-40 mg (N=3);
citalopram, 30-40 mg (N=2); fluoxetine, 60 mg (N=1); ser-
traline, 100 mg (N=1); venlafaxine, 200 mg (N=1); and cit-
alopram, 20-40 mg, plus bupropion, 300-400 mg (N=2).
All subjects had been taking their medications for at least
8 weeks at the time of random assignment, with the excep-
tion of one subject assigned to testosterone, who had been
taking paroxetine, 20 mg, for 5 weeks. However, this man
had not responded to previous trials of paroxetine, fluoxe-
tine, and venlafaxine that had each lasted more than 8
weeks.

Efficacy Analyses

The primary analysis of efficacy, involving all 22 sub-
jects who entered randomized treatment, revealed that
the testosterone-treated patients had a significantly
greater rate of decrease in scores on the Hamilton Depres-
sion Rating Scale than the placebo-treated patients (Fig-
ure 1, top), as indicated by the treatment-by-time interac-
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TABLE 1. Demographic and Clinical Characteristics at Screening of Men With Refractory Depression Who Were Randomly
Assigned to Supplemental Treatment With Testosterone Gel or Placebo

Characteristic Testosterone (N=12) Placebo (N=10) Analysis
N % N % p (Fisher’s exact test)?

Ethnicity 1.00

Caucasian 11 91.7 10 100

African American 1 8.3 0 0
Marital status 0.65

Married 8 66.7 80

Single 2 16.7 1 10

Divorced 2 16.7 1 10
Sexual orientation 1.00

Heterosexual 11 91.7 10 100

Homosexual 1 8.3 0 0

Mean SD Mean SD t (df=20) p

Age (years) 48.9 8.5 49.5 9.8 0.15 0.88
Body mass index (kg/m?2) 31.8 3.1 299 2.8 1.49 0.15
Body fat percentage 28.5 2.6 30.4 4.8 1.18 0.25
Fat-free mass index (kg/m?) 21.2 1.8 22.0 1.0 1.25 0.23
Prostate-specific antigen level (ng/ml) 0.8 0.4 0.8 0.3 0.00 0.95
Total testosterone level (ng/dl) 293 55 267 48 1.19 0.25
Hamilton Depression Rating Scale score? 21.8 5.9 213 4.1 0.23 0.82
Beck Depression Inventory scoreP 23.1 4.3 23.6 7.0 0.21 0.84
Clinical Global Impression severity score® 4.7 0.9 43 0.7 1.06 0.30
a Two-tailed.

b Determined at baseline (when patients were randomly assigned to treatment).

tion (Table 2). This improvement was evident on both the
vegetative and affective symptoms subscales of the Hamil-
ton Depression Rating Scale (Table 2). Testosterone was
also associated with a significantly greater rate of decrease
in the Clinical Global Impression severity scores although
not the Beck Depression Inventory scores (Figure 1, Table
2). The weaker results on the Beck Depression Inventory
appeared attributable to the greater variability of scores
on this instrument, together with the fact that two placebo
subjects had substantial improvements in their scores on
the Beck Depression Inventory, although not on the Ham-
ilton Depression Rating Scale. The intent-to-treat end-
point analysis produced similar results but with higher p
values, consistent with less statistical power than the lon-
gitudinal analysis (Table 3). Among the study completers,
there were no significant differences between the subjects
receiving testosterone and those receiving placebo in
change in percentage of body fat (mean=-2.8%, SD=1.7%,
versus mean=-1.9%, SD=2.6%) (t=0.90, df=17, p=0.38) or
change in muscle mass as expressed by the fat-free mass
index (mean=1.1 kg/m?, SD=0.9, versus mean=0.6 kg/m?,
SD=1.2) (t=1.03, df=17, p=0.32).

Among the 21 men who returned at week 1, the mean
serum total testosterone levels were 789 ng/dl (SD=519) in
the testosterone group and 249 ng/dl (§D=68) in the pla-
cebo group (t=3.26, df=19, p=0.004). Notably, three of the
11 testosterone subjects displayed increases of 70 ng/dl or
less in their total testosterone levels with the gel; unfortu-
nately, the unblinded dose adjuster was not allowed to in-
crease the dose of gel for these subjects, since our protocol
had not anticipated this possibility. Perhaps not surpris-
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ingly, these three subjects also displayed little improve-
ment in depressive symptoms (changes of 0, 0, and 1, re-
spectively, on the Clinical Global Impression severity
rating at termination). The remaining eight subjects all
achieved increases greater than 200 ng/dl in testosterone
levels at week 1; four (50.0%) of these subjects improved
by 2 or more points on Clinical Global Impression severity,
as compared to none of the 10 subjects receiving placebo
(p=0.03 by Fisher’s exact test, two-tailed). Among the eight
testosterone subjects with increases of more than 200 ng/
dl, three had improvements of more than 50% on the
Hamilton Depression Rating Scale, and three others had
improvements of 36%-43%. No placebo subject had an
improvement of more than 30% on the Hamilton Depres-
sion Rating Scale.

Adverse Events

One subject receiving testosterone reported increased
nocturia and difficulty initiating urination, suggesting a
possible exacerbation of benign prostatic hyperplasia.
These symptoms, coupled with lack of improvement in
depression, prompted him to withdraw after week 4. His
urinary symptoms remitted within 3 weeks after with-
drawal. No other subject reported adverse effects appar-
ently attributable to testosterone during the study. Among
the study completers, the change in PSA level from screen-
ing to week 8 did not differ significantly between the test-
osterone group (mean=0.11 ng/ml, SD=0.23) and the pla-
cebo group (mean=0.00 ng/ml, SD=0.30) (t=0.90, df=17, p=
0.38).
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FIGURE 1. Scores on Depression Measures Over 8 Weeks of
Supplemental Treatment With Testosterone Gel or Placebo
for Men With Refractory Depression
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Discussion

We conducted an 8-week randomized, placebo-con-
trolled trial of testosterone transdermal gel with 22 men who
had treatment-resistant depression and low or borderline
serum total testosterone levels (<350 ng/dl). Testosterone
gel, added to the subjects’ existing antidepressant regimens,
proved significantly superior to placebo in reducing scores
on the Hamilton Depression Rating Scale and the Clinical
Global Impression severity scale, although not on the Beck
Depression Inventory. These findings suggest that testoster-
one supplementation may produce antidepressant effects
in some men with treatment-resistant depression.

Two observations in the study deserve particular com-
ment. First, the men in our study, with a mean age of only
46.9 years, displayed a mean total testosterone level of
only 403 ng/dl (SD=152)—strikingly lower than the mean
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TABLE 2. Longitudinal Analysis of Effect on Depression
Measures of Supplemental Treatment With Testosterone
Gel or Placebo for 22 Men With Refractory Depression?

Treatment-by-Time Interaction,
From Regression AnalysisP

Parameter
Outcome Measure Estimate SE z p
Hamilton Depression Rating
Scale scores
Total -0.940 0.266 —-3.54 0.0004
Affective symptoms
subscale -0.233 0.115 -2.03 0.05
Vegetative symptoms
subscale —-0.346 0.134 -2.59 0.01
Beck Depression Inventory
score —-0.640 0.379 -1.43 0.15
Clinical Global Impression
severity score -0.096 0.046 -2.11 0.04

2 Analysis involved all observations on all 22 patients who entered
randomized treatment, including those who terminated the study
prematurely.

b The treatment-by-time interaction represents the difference in rate
of change between the testosterone and placebo groups.

of 605 ng/dl (SD=212) among men aged 45-54 in a typical
study of the general population (27), and even slightly be-
low the mean of 429 (SD=124) in a recent study (4) of men
with major depressive disorder in their 60s and 70s, when
testosterone would normally be much lower than in mid-
dle age. These observations suggest that low testosterone
levels may be unexpectedly common in middle-aged men
with treatment-resistant major depressive disorder, per-
haps because chronic depressive symptoms lead to blunt-
ing of the hypothalamic-pituitary-gonadal axis (4) or, pos-
sibly, because of effects of the antidepressant medications
themselves.

Second, testosterone gel appeared to benefit psycholog-
ical aspects of depression (represented by the depressed
mood, guilt, and psychological anxiety items of the Hamil-
ton Depression Rating Scale) to nearly the same degree as
the somatic aspects of depression (represented by the
Hamilton scale items involving sleep, appetite, libido, and
somatic symptoms). This finding differs somewhat from
that of a previous study of testosterone for HIV-infected
men (8), who experienced substantially greater improve-
ment in vegetative than in affective symptoms—raising
the important question of whether testosterone benefited
their depression only because of its effects on somatic
symptoms such as fatigue and libido (28). One reason for
this difference in findings may be that HIV-infected men
have higher initial levels of somatic symptoms, such as an-
orexia, weight loss, and fatigue, than did our study group
of medically healthy depressed men.

The mechanism of testosterone’s antidepressant effects,
and the variability of these effects among subjects, remains
speculative. Testosterone modulates brain monoamine
levels, as evidenced by one study (29) that showed lowered
CSF 3-methoxy-4-hydroxyphenylglycol and elevated 5-hy-
droxyindoleacetic acid (5-HIAA) levels in normal volun-
teers after methyltestosterone administration. Notably,
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TABLE 3. Intent-to-Treat Analysis of Change in Depression Measures After Supplemental Treatment With Testosterone Gel

or Placebo for Men With Refractory Depression?

Change From Baseline to Endpoint

Testosterone (N=11) Placebo (N=10) Analysis

Outcome Measure Mean SD Mean SD t (df=19) p
Hamilton Depression Rating Scale scores

Total 7.4 71 -0.3 4.0 —2.77 0.02

Affective symptoms subscale -2.1 3.4 0.0 1.5 -1.78 0.10

Vegetative symptoms subscale -3.2 2.0 -0.7 2.5 -2.52 0.02
Beck Depression Inventory score -5.5 8.7 -2.0 5.2 -1.09 0.29
Clinical Global Impression scores

Severity -0.9 1.4 -0.2 0.6 -1.49 0.15

Improvementb 3.09 1.14 3.90 0.88 -1.74 0.09

2 The last observation carried forward was used as the endpoint; the analysis includes all subjects who completed at least one postbaseline visit.
bOnly the endpoint value was used, as the score incorporates change from baseline.

CSF 5-HIAA changes were positively correlated with activa-
tion scores in this study, suggesting that the psychiatric ef-
fects of testosterone might be mediated through seroton-
ergic function. The inconsistent relationship between
endogenous plasma testosterone levels and depression,
and the inconsistent antidepressant effects of exogenous
testosterone, may be attributable to the weak association
between plasma and CSF testosterone levels. For instance,
in one recent study (30), patients with posttraumatic stress
disorder had low CSF testosterone levels but normal
plasma testosterone levels, and there was no significant as-
sociation between plasma and CSF testosterone levels.

Several limitations of our study must be considered. First,
the small number of subjects limits statistical power. Sec-
ond, the study assessed the effects of testosterone for only 8
weeks and does not permit conclusions about long-term ef-
ficacy or safety for depressed men. Third, the blind was bro-
ken for each subject individually at termination, rather than
for all subjects at the conclusion of the study, as is more
conventional. However, since randomization was per-
formed without blocking or stratification, investigator bias
due to unblinding should be largely eliminated, as we have
already explained. Fourth, the study used a single serum to-
tal testosterone level to determine eligibility. More sophisti-
cated laboratory screening (including measurements of
free testosterone, sex hormone-binding globulin, and pitu-
itary gonadotropins, together with serial chemistry and he-
matology measurements) might help to identify candidates
for treatment, laboratory predictors of treatment response,
and potential adverse effects. Fifth, testosterone was added
to existing antidepressant treatment for men who were not
responding to antidepressants. It is unclear whether test-
osterone would prove equally effective for depressed men
not currently taking antidepressants. The findings of
Seidman and colleagues (14, 15), summarized earlier in this
article, combined with the results of the present study, sug-
gest that testosterone might be more useful as a supple-
ment to conventional antidepressant treatment than as an
antidepressant by itself. Sixth, our study was limited to men
because of the masculinizing effects of testosterone. How-
ever, preliminary data (31) suggest that in much lower
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doses, testosterone may exhibit antidepressant effects in
women as well; this possibility deserves exploration.

The benefits of testosterone supplementation must also
be weighed against potential risks. For example, in one
early paper (32) it was reported that of five men receiving
imipramine for depression, four developed paranoid
symptoms when the synthetic androgen methyltestoster-
one was added to their regimen. In our study, by contrast,
no subject assigned to testosterone was rated on any study
visit as having “ideas of reference” or “delusions of refer-
ence and persecution” on the “paranoid symptoms” item
of the Hamilton Depression Rating Scale. However, none
of our subjects was receiving a tricyclic antidepressant.

Our brief study also did not permit assessment of possi-
ble longer-term risks of testosterone administration, such
as gynecomastia, adverse effects on lipid fractions, or
gradual exacerbation of benign prostatic hyperplasia (33).
Long-term exogenous testosterone administration also
suppresses the hypothalamic-pituitary-testicular axis,
with consequent oligospermia and the risk of severe tem-
porary suppression of gonadal function if testosterone is
abruptly withdrawn (33). Finally, there remains the ques-
tion of whether long-term testosterone supplementation
might increase the risk of prostate or other cancers. The
present data on this issue are still inadequate (28, 33, 34).

In conclusion, these findings may have important conse-
quences for public health. In a given year, about 8% of Amer-
ican men over the age of 30 years exhibit major depressive
disorder (35), and many of these cases will be partially or
completely refractory to an adequate trial of antidepressant
medication (16). If this subgroup with refractory depression
has a 43% prevalence of low testosterone levels, as found in
the present study, then hundreds of thousands of men in a
given year might at least theoretically be candidates for test-
osterone supplementation to treat depression. Given the
size of this population, together with the increased availabil-
ity and convenience of transdermal testosterone prepara-
tions, it seems important to assess carefully both the bene-
fits and the risks of this antidepressant treatment strategy.
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