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A Randomized, Double-Blind, Placebo-Controlled Study  
of Testosterone Treatment in Hypogonadal Older Men With 
Subthreshold Depression (Dysthymia or Minor Depression)
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Objective: Hypogonadism and subthreshold 
depression are common conditions in elderly men. 
The objective of this study was to examine the ef-
fect of testosterone treatment in older, hypogonadal 
men with subthreshold depression.

Method: A randomized, double-blind,  
placebo-controlled study was conducted at a  
university-affiliated Veterans Affairs Medical Cen-
ter among men aged 50 years or older (N = 33) with 
screening total testosterone levels of ≤ 280 ng/dL 
and subthreshold depression (dysthymia or minor 
depression, according to DSM-IV). Recruitment 
for the study was conducted from November 2002 
through May 2005. Participants received either 
7.5 g of testosterone gel or placebo gel daily for 
12 weeks, followed by a 12-week open-label ex-
tension phase during which all subjects received 
7.5 g of testosterone gel. The primary outcome 
measure was the change in the Hamilton Rating 
Scale for Depression (HAM-D) score from baseline 
to the end of the double-blind phase. Secondary 
outcome measures were remission of subthresh-
old depression (defined a priori as a HAM-D 
score ≤ 7) and changes in the Hopkins Symptom 
Checklist depression scale, the Medical Outcomes 
Study 36-Item Short-Form Health Survey, and the 
short-form 16-item Quality of Life Enjoyment and 
Satisfaction Questionnaire.

Results: At the end of the double-blind phase, 
testosterone-treated men had a greater reduction 
in HAM-D scores (p = .024) and a higher remission 
rate of subthreshold depression (52.9% vs. 18.8%, 
p = .041) than did placebo-treated men, but there 
were no differences in other secondary outcome 
measures between groups. At the end of the open-
label phase, the testosterone group had sustained 
improvement, the control group improved, and 
there were no differences between groups in any 
outcome measures.

Conclusion: These results suggest that testoster-
one replacement may be efficacious treatment for 
subthreshold depression in older men with hypo
gonadism. Larger studies are needed to corroborate 
these findings.

Trial Registration: clinicaltrials.gov Identifier: 
NCT00202462
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Androgen deficiency, as defined by a low serum tes-
tosterone level, is a common condition in elderly 

men that increases with age, occurring in 30% of men over 
age 70 and 50% of men over age 80.1 Symptomatic andro-
gen deficiency, or hypogonadism, is less common but still 
affects a substantial number of men, with a prevalence of 
approximately 20% in men aged 70 years or older.1 Mani-
festations of hypogonadism include decreased muscle 
and bone mass, increased total body and abdominal fat,  
and insulin resistance.2 Some symptoms of hypogonadism 
also occur in depression, such as dysphoria, irritability, 
anorexia, fatigue, decreased concentration, and decreased 
libido. The overlap of hypogonadism with depressive ill-
ness remains unclear but may be substantial, particularly 
since both hypogonadism and depressive illness are com-
mon in elderly men with chronic medical illness.2,3 Several 
epidemiologic studies found an association between low tes-
tosterone and depressive illness,4,5 and other studies found 
that low testosterone in older men is associated more often 
with subthreshold depressive disorders, such as dysthymia 
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or minor depression,6,7 than with major depressive disor-
der. Few placebo-controlled studies have been conducted 
of testosterone treatment in hypogonadal, depressed men, 
and the potential role of testosterone in the treatment of 
depressive illness remains unclear at this time.8

Subthreshold depressive disorders (minor depression or 
dysthymia) are clinically significant disorders that do not 
meet full criteria for major depressive disorder.9–12 These 
disorders are common in primary care settings and in elderly 
patients, with prevalence rates ranging from 8% to 27%.9–17 
Although subthreshold depression is a less severe depressive 
disorder than major depressive disorder, it is associated with 
multiple adverse outcomes, including structural brain al-
terations (e.g., prefrontal lobe atrophy), decreased function 
and quality of life, and increased morbidity, mortality, and 
health care utilization and costs.17–20 However, despite the 
high prevalence and morbidity of subthreshold depression, 
most studies of depression in the elderly have examined ma-
jor depressive disorder rather than subthreshold depressive 
disorders. There are currently no evidence-based treatment 
guidelines for subthreshold depression in the elderly be-
cause there is insufficient evidence available to develop 
these guidelines.

	Given that many older adults with clinically significant 
depressive disorders have subthreshold depression, more 
studies are needed to examine treatment options for sub-
threshold depression in elderly patients. Our study sought to 
address the need for further studies of subthreshold depres-
sion and of testosterone treatment in depressive illness by 
conducting a randomized double-blind placebo-controlled 
trial of testosterone treatment in hypogonadal older men 
with subthreshold depression. We examined subthreshold 
depression because it is the most common type of depres-
sive illness in the elderly and appears to be more closely 
associated with hypogonadism than does major depressive 
disorder. Our hypothesis was that testosterone replace-
ment would significantly decrease depressive symptoms 
and improve quality of life in hypogonadal older men with 
subthreshold depression.

METHOD

The study design consisted of a 12-week, randomized, 
double-blind, placebo-controlled trial of testosterone gel or 
placebo gel, followed by a 12-week, open-label extension 
phase for which all subjects were eligible. The open-label 
extension phase was included to provide a replication of 
treatment effects in the wait-list control condition and to 
enhance recruitment.

Inclusion Criteria
Men were eligible for inclusion if they were aged 50 

years or older and had a screening serum total testosterone 
level of ≤ 280 ng/dL, the lower limit of the normal range. 
The screening testosterone level was obtained prior to the 

baseline testosterone level that was obtained at entry into the 
study. Eligible subjects met DSM-IV21 criteria for either dys-
thymia or minor depression (per Appendix B of DSM-IV) 
on the basis of a structured clinical interview. Subjects who 
had previously been treated with antidepressants were eli-
gible if they had been on a stable antidepressant dose for 
3 months and did not meet criteria for major depressive 
disorder.

Exclusion Criteria
Men were excluded if they had a history of prostate, 

breast, or testicular cancer; hospitalization within the pre-
vious month; prostate-specific antigen (PSA) level of ≥ 3.0 
ng/mL; or an abnormal digital rectal exam. Psychiatric ex-
clusions included current treatment with benzodiazepines 
or antipsychotics, substance dependence, schizophrenia, 
bipolar disorder, dementia, or psychiatric instability or 
suicidality.

Recruitment
Computerized clinical records were used to identify 

potential subjects who had testosterone levels obtained as 
part of routine clinical care. Potential subjects were those 
who were ≥ 50 years of age and had testosterone levels of 
≤ 280 ng/dL. Approval to contact potential subjects was 
obtained from their primary care providers. Recruitment 
was conducted from November 2002 through May 2005 at 
an urban, academically affiliated Veterans Affairs Medical 
Center (VAMC). The University of Washington Human 
Subjects Committee, the institutional review board of the 
VAMC, approved the study.

Outcome Measures
The primary outcome measure was the change in the 

17-item Hamilton Rating Scale for Depression (HAM-D)22 
score from baseline to the end of the double-blind phase. 
Remission of depression was a secondary outcome and was 
defined a priori as a HAM-D score of ≤ 7.23 We did not de-
fine treatment response as a 50% decrease in the HAM-D 
score (a conventional definition for studies of major depres-
sive disorder) because the men in the study had relatively 
low HAM-D scores at baseline (mean baseline HAM-D 
score of 13). Secondary outcome measures were change in 
total score on the Hopkins Symptom Checklist (SCL) de-
pression scale,24,25 a 20-item self-report depression scale; the 
Medical Outcomes Study 36-Item Short-Form Health Sur-
vey (SF-36)26; and the short-form (16-item) Quality of Life 
Enjoyment and Satisfaction Questionnaire (Q-LES-Q).27 
Higher scores on the SCL indicate more severe depression, 
while higher scores on the SF-36 and Q-LES-Q indicate 
higher function and quality of life. The Cumulative Illness 
Rating Scale for Geriatrics (CIRS-G)28 was used to estimate 
medical morbidity on the basis of medical record review 
and interview. The CIRS-G has been validated in geriatric 
populations and quantifies general medical morbidity in 14 
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organ systems. The CIRS-G score is the number of illnesses 
multiplied by the average severity of the illness.

Procedures
Potential subjects were screened initially for cognitive 

impairment with the short Blessed Orientation-Memory-
Concentration Test29 and for substance dependence and 
minor depression or dysthymia with a structured interview 
using DSM-IV criteria. An interview and chart review were 
conducted to assess current medications and medical ill-
nesses. A blood sample was drawn to assess PSA level and 
hematocrit. At the baseline visit, eligible subjects were ad-
ministered the HAM-D by a psychiatrist (M.M.S.) or a 
master’s level research nurse (T.I.S.) and completed the self-
rated measures (SCL, SF-36, and Q-LES-Q). Sera were 
obtained and stored at –70°C for subsequent assay for hor-
mone measurements. Subjects were randomly assigned to 
receive either placebo gel or testosterone gel by a research 
pharmacist who was blinded to the subjects’ ratings and 
assessments. Randomization was done via a computer  
random-number-generator program for a 1:1 ratio assign-
ment. All raters were blinded to the subjects’ treatment 
status during the double-blind phase. In the treatment con-
dition, the daily dosage of testosterone gel was 7.5 g. This 
dosage of testosterone gel has been shown to adequately 
replace testosterone in elderly hypogonadal men.30 Follow-
up phone visits with all subjects occurred at week 6 and 
week 18 to monitor for compliance and side effects of med
ication. Follow-up clinic visits occurred at week 12 (end of 
the double-blind phase) and week 24 (end of the open-label 
extension phase) and consisted of blood draws, psycho
metric ratings, and review of medical status.

Laboratory Assays
Laboratory assays were performed in a research labora-

tory (A.M.M.). Total testosterone and sex hormone–binding 
globulin (SHBG) were measured using a time-resolved 
Delfia fluoroimmunoassay (PerkinElmer Life and Analyti-
cal Sciences, Waltham, Mass.).31 For total testosterone, the 
intra-assay and interassay coefficients of variation were 
3.7% and 8.2%, respectively, and the lower limit of detection 
was 0.4 nmol/L. For SHBG, the intra-assay and interassay 
coefficients of variation were 1.3% and 5.1%, respectively, 
and the lower limit of detection was 0.5 nmol/L. All samples 
were run in triplicate. To minimize interassay variability, all 
testosterone levels (i.e., baseline, week 12, and week 24) for 
a particular subject were measured in the same assay. Free 
testosterone was calculated from total testosterone, SHBG, 
and albumin using the Södergard equation, which provides 
accurate estimates of free testosterone comparable to those 
measured directly by equilibrium dialysis.32

Statistical Analysis
In all analyses of primary and secondary outcomes, we 

used an intent-to-treat approach, and the last-observation-

carried-forward (LOCF) method was applied for missing 
data. Although the LOCF method has limitations,33 we 
believe that this methodology was the most conservative 
way to analyze the data. All statistical tests were 2-tailed, 
with α = .05, and results are reported as the mean (standard 
deviation). To evaluate the success of randomization, the 
placebo and testosterone groups were compared at baseline 
with an independent t test for analysis of continuous mea-
sures. At the end of the double-blind phase, we examined 
pretreatment to posttreatment differences within groups. 
Then we compared differences between groups using a gen-
eral linear model with repeated measures. Age was included 
in the model as a covariate because the men treated with 
testosterone were by chance significantly younger than the 
placebo-treated men. Then, we used a χ2 analysis to compare 
the difference in remission of depression between groups, 
in which remission was defined as a HAM-D score ≤ 7. At 
the end of the open-label extension phase, we examined 
pretreatment to posttreatment differences within groups 
from baseline to week 24. Finally, we compared differences 
between groups using a general linear model with repeated 
measures, with age included as a covariate in the model. 
Statistical analyses were conducted using SPSS, version 16.0 
(SPSS Inc., Chicago, Ill.).

RESULTS

Subject Recruitment and Retention
From computerized medical records, 957 men were 

identified with testosterone levels measured as part of their 
clinical care. The primary indications for obtaining tes-
tosterone levels were for evaluation of sexual dysfunction, 
osteoporosis, follow-up of prior low serum testosterone 
levels, geriatric rehabilitation, genitourinary conditions, 
cancer, and endocrine conditions. High medical and psy-
chiatric comorbidity in the population resulted in exclusion 
of many potential subjects. Nine hundred sixteen men 
were excluded due to one or more of the following: current 
testosterone treatment (n = 365), benzodiazepine treat-
ment (n = 244), prostate cancer (n = 154), bipolar disorder 
(n = 62), substance dependence (n = 59), dementia (n = 45), 
and schizophrenia or antipsychotic treatment (n = 31).

Forty-one patients underwent screening assessment; 
3 (7.3%) declined to enter the study, and 5 (12.2%) failed 
to meet the inclusion criteria for subthreshold depression. 
Thirty-three men were randomly assigned to treatment, 
with 17 subjects assigned to testosterone gel and 16 assigned 
to placebo gel. Six subjects dropped out of the study within 
6 weeks of entry, and only baseline values were available for 
these subjects. One subject was dropped from the placebo 
arm due to complaints of worsening sleep apnea. In the tes-
tosterone arm, 4 subjects stopped the protocol, 1 each for 
the following reasons: dislike of the smell of the gel, skin 
irritation from the gel, psychiatric instability after a death 
in the family, and concurrent alcohol abuse (that had been 
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denied in the initial interview). One additional subject was 
lost to follow-up. The men who dropped out were younger, 
with a mean (SD) age of 54.0 (3.6) years versus 60.5 (6.7) 
years for the completers (p = .029), and had a higher baseline 
free testosterone level than did the study completers (8.4 vs. 
6.0 ng/dL; p = .043). Otherwise, there were no significant 
differences between the completers and the dropouts. Fig-
ure 1 illustrates the flow of subjects through the study.

Baseline Characteristics
The men randomly assigned to testosterone were young-

er (mean [SD] age = 57.1 [5.7] vs. 61.7 [7.0] years; p = .044) 
and had a greater prevalence of dysthymia (70.6% vs. 37.5%; 
p = .056) than did the placebo-treated men. There were no 
other significant differences between the groups randomly 
assigned to testosterone or placebo on any of the baseline 
measures (p > .10). There was a high degree of medical mor-
bidity, with an average of 3 to 4 chronic medical conditions 
in both treatment groups (Table 1). Six men were on stable 
antidepressant dosages (n = 3 in each group).

Double-Blind Placebo-Controlled Phase  
(baseline to week 12)

For pretreatment to posttreatment differences within 
groups, testosterone-treated men had a significant increase 
in free testosterone levels (p = .052), with a mean free 

testosterone level of 10.6 ng/dL at the end of the double-blind 
treatment phase, a decrease in HAM-D scores (p = .001), and 
a trend for improvement in the SCL (p = .070) (Figure 2). The 
placebo-treated men had a decrease in free testosterone lev-
els (p = .060), with a mean free testosterone level of 5.1 ng/dL 
and a decrease in HAM-D scores (p = .038) but no significant 
changes in other measures pretreatment to posttreatment. 

Figure 1. Flow Diagram of the Study of Hypogonadal Older 
Men With Subthreshold Depression

 

Excluded (n = 916)
Testosterone treatment (n = 365)
Benzodiazepine treatment (n = 244)
Prostate cancer (n = 154)
Bipolar disorder (n = 62)
Substance dependence (n = 59)
Dementia (n = 45)
Schizophrenia or

antipsychotic treatment (n = 31)Clinic screening (n = 41)

Enrollment

33 Randomly assigned to double-blind treatment

17 Allocated to testosterone gel 16 Allocated to placebo gel

12 Completed 15 Completed

17 Included in the analysis 16 Included in the analysis

Failed to meet criteria (n = 5)
Declined (n = 3)

2 Dropped out
1 Dislike of gel
1 Skin irritation with gel

1 Lost to follow-up
2 Dropped by investigators

1 Death in family
1 Alcohol abuse

1 Dropped by investigators
due to complaints of

worsening sleep apnea

Men with total testosterone level
of ≤ 280 ng/dL and aged ≥ 50 years 

assessed for eligibility (N = 957)

Excluded (n = 8)

Table 1. Baseline Characteristics of Study Subjects Randomly 
Assigned to Testosterone or Placeboa

Variable
Testosterone 

(n = 17)
Placebo 
(n = 16) p Value

Age, y 57.1 (5.7) 61.7 (7.0) .044b

Body mass index, kg/m2 33.2 (4.5) 32.9 (8.2) .888
Total no. of comorbid illnesses 5.5 (3.1) 5.3 (4.3) .848
Total testosterone, ng/dL 311 (127) 274 (98) .541
Free testosterone, ng/dL 7.0 (2.1) 5.9 (2.0) .620
CIRS-G score 6.1 (3.5) 5.4 (4.2) .614
Type of depression .056

Dysthymia, n (%) 12 (70.6) 6 (37.5)
Minor depression, n (%) 5 (29.4) 10 (62.5)

HAM-D score 12.7 (3.4) 13.8 (4.4) .449
SCL score 28.5 (18.4) 26.6 (16.1) .755
SF-36 mental score 39.1 (12.0) 43.7 (11.4) .265
SF-36 physical score 44.7 (8.0) 43.0 (7.9) .558
Q-LES-Q score 48.3 (10.4) 54.7 (13.5) .136
aValues are given as mean (SD) unless noted otherwise.
bStatistically significant p value.
Abbreviations: CIRS-G = Cumulative Illness Rating Scale for Geriatrics, 

HAM-D = Hamilton Rating Scale for Depression, Q-LES-Q = Quality 
of Life Enjoyment and Satisfaction Questionnaire, SCL = Hopkins 
Symptom Checklist depression scale, SF-36 = Medical Outcomes Study 
36-Item Short-Form Health Survey.

Figure 2. Hamilton Rating Scale for Depression (HAM-D) 
Scores for the Entire Sample (N=33)a

aIn an intent-to-treat analysis, testosterone-treated men had a 
significantly greater decrease in HAM-D scores than did placebo-
treated men at the end of the double-blind phase (week 12). At the 
end of the extension phase (week 24), depressive symptoms were 
significantly lower in both groups than they were at the start of the 
study, but there were no significant differences between groups.

bThe dashed horizontal line depicts the level for remission of depression, 
which was defined a priori as HAM-D ≤ 7.

*Indicates statistical significance (p = .024) for the testosterone group  
at week 12.
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For between-group differences, testosterone-treated men 
had significantly higher total and free testosterone levels 
(p ≤ .004) and a greater decrease in HAM-D scores (p = .024) 
than did the placebo-treated men in a general linear model 
with repeated measures controlling for age. Testosterone-
treated men also had a greater remission of depression of 
52.9% compared to 18.8% in the placebo group (p = .041) 
(Table 2). Similar results were found when type of depres-
sive illness (dysthymia or minor depression) was entered as 
a covariate in the model. When we examined correlates of 
treatment response by baseline severity of HAM-D scores, 
a lower baseline HAM-D score correlated with remission of 
depression by Spearman ρ (r = –0.470, p = .006). There were 
no significant differences between groups on quality-of-life 
measures or the self-rated depression scale, the SCL. Finally, 
we repeated the analysis including only the completers and 
found similar results, namely, that the testosterone-treated 
men had a greater decrease in HAM-D scores than the  
placebo-treated men (p = .015) and had greater remission of 
depression of 75% vs. 20% (p = .004). There were no adverse 
effects reported in either group, and patients reported that 
they were adherent with treatment.

Open-Label Extension Phase (week 13 to week 24)
During the extension phase, all subjects received 7.5 

g/day of testosterone gel in an open-label manner. From 
baseline to the end of the extension phase, the men origi-
nally treated with testosterone had a significant decrease 
in HAM-D scores (p < .001) and improvement in quality 
of life (p =. 040)—and a trend for improvement in the SCL 
(p = .096). From baseline to the end of the extension phase, 
the group originally treated with placebo and then with 
testosterone in an open-label manner had a significant de-
crease in HAM-D scores (p < .001) and the SCL (p = .011) 
and a trend for improvement in quality of life (p = .082). At 
the end of the extension phase, there were no significant 
between-group differences in any of the outcome measures 
or in the remission rate of depression between the original 

testosterone group and the original placebo group (58.8% 
vs. 68.8%, respectively; p = .554) (Figure 2). However, tes-
tosterone levels increased more in the original testosterone 
group compared to the original placebo group, despite the 
same dosage of testosterone gel. This result was due to 2 
outliers who had high total testosterone levels of 1750 to 
1840 ng/dL at week 24. We repeated our analyses excluding 
these 2 men and found that there were no significant differ-
ences in testosterone levels or outcome measures between 
groups.

DISCUSSION

In this double-blind placebo-controlled study, men  
treated with testosterone gel had a greater decrease in 
HAM-D scores and a greater remission of subthreshold de-
pression than did placebo-treated men, with the beneficial 
effects of testosterone treatment persisting during the exten-
sion phase. There were no significant differences between 
groups on self-rated measures of depression or quality-of-
life measures. The finding of a greater difference between 
groups on clinician-rated vs. self-rated measures of depres-
sion is consistent with a meta-analysis of treatment trials 
of geriatric depression34 that found greater improvements 
in clinician-rated than in self-rated depression measures. 
It is also possible that the quality-of-life measures (SF-36  
and Q-LES-Q) in this study were insensitive to detect-
ing changes in quality of life due to hormonal status. For 
example, a recent testosterone study35 found significant 
differences in a quality-of-life scale reflective of hormonal 
status but found no changes in the SF-36.

Prior epidemiologic studies in older men have found 
that testosterone levels are inversely related to mood,4,5 
that low testosterone levels are associated with prevalent 
depression in analyses adjusted for medical morbidity,36 and 
that low testosterone levels are a risk factor for incident de-
pressive illness.37,38 Several plausible biologic mechanisms 
may explain the association between low testosterone and 

Table 2. Changes in Outcome Measures From Baseline to Week 12 in Older Hypogonadal Men Treated With Placebo or 
Testosterone in a Double-Blind Mannera

Outcome Measure
Testosterone Group 
at Baseline (n = 17)

Testosterone Group 
at Week 12 (n = 17)

Placebo Group  
at Baseline (n = 16)

Placebo Group  
at Week 12 (n = 16) p Value

Total testosterone, ng/dL 291 (108) 449 (282) 267 (98) 232 (82) .004b

Free testosterone, ng/dL 6.3 (2.1) 10.6 (6.6) 5.9 (2.0) 5.1 (1.5) .003b

HAM-D score 12.7 (3.4) 8.4 (5.0) 13.8 (4.4) 11.4 (4.4) .024b

SCL score 28.5 (18.4) 25.0 (15.4) 26.6 (16.1) 24.9 (17.7) .959
SF-36 mental score 39.1 (12.0) 43.8 (12.0) 43.7 (11.4) 45.2 (12.0) .691
SF-36 physical score 44.7 (8.0) 45.5 (7.7) 43.0 (7.9) 45.3 (7.2) .865
Q-LES-Q score 48.3 (10.4) 50.1 (11.1) 54.7 (13.5) 53.4 (13.7) .657
Depression remission, n (%) … 9 (52.9) … 3 (18.8) .041c

aValues are given as mean (SD) unless noted otherwise.
bStatistically significant p value for between-group differences in a general linear model with repeated measures controlling for age.
cStatistically significant p value in a χ2 analysis.
Abbreviations: HAM-D = Hamilton Rating Scale for Depression, Q-LES-Q = Quality of Life Enjoyment and Satisfaction Questionnaire,  

SCL = Hopkins Symptom Checklist depression scale, SF-36 = Medical Outcomes Study 36-Item Short-Form Health Survey.
Symbol: … = not applicable.
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depressive illness. First, androgen receptors, which are ac-
tivated by testosterone and its metabolites (estradiol and 
dihydrotestosterone), are located throughout the brain, 
including the hypothalamus, mamillary bodies, nucleus 
basalis of Meynert, hippocampus, and cerebral cortex.39–43 
Second, testosterone alters serotonergic activity via in-
creases in serotonin 5HT1A and 5HT2A receptor density and 
mRNA expression and by alterations in serotonin uptake 
transporter levels.44,45 Finally, testosterone has other central 
effects, such as decreases in corticotropin-releasing hor-
mone promoter activity46 and increases in cerebral blood 
flow in prefrontal regions.47

However, despite epidemiologic and basic science stud-
ies that suggest an association between low testosterone 
levels and depressive illness in men, there have been few 
studies that have examined the effect of testosterone treat-
ment on mood. In hypogonadal men without depression, 
testosterone treatment improved general well-being and 
positive mood30,48,49 in non–placebo-controlled studies. 
However, there were no differences in mood in placebo-
controlled studies of testosterone in hypogonadal men.50 
In eugonadal depressed men, testosterone significantly de-
creased depressive symptoms51,52 in non–placebo-controlled 
studies. However, there were no differences in depression 
in placebo-controlled studies of testosterone in eugonadal 
depressed men.53,54 In hypogonadal depressed men, augmen-
tation with testosterone for treatment-resistant depression 
significantly decreased depressive symptoms in an open-
label study55 and a placebo-controlled study.56 Testosterone  
also decreased depression in hypogonadal, depressed, 
HIV-positive men,57,58 while in other placebo-controlled 
studies59–61 of hypogonadal depressed men, testosterone 
did not differ from placebo. Limitations of the studies that 
did not find a difference between testosterone and placebo 
include an inadequate testosterone dose59 and high placebo 
response rates of 41% to 52%.60,61 In summary, there are 
few placebo-controlled trials of testosterone for depression 
in men, and the only placebo-controlled studies with posi-
tive findings were those that examined men who had both 
hypogonadism and depression.48–50

Several factors may have contributed to the results of 
the current study. These factors include the duration of the 
trial, the gel formulation of testosterone, and that the men 
in the study had hypogonadism, subthreshold depression, 
and chronic medical conditions. First, the duration of the 
double-blind phase was longer (12 weeks) than the typical 
duration (6–8 weeks) of studies of testosterone treatment in 
depression.53,54,60,61 The longer duration may have decreased 
the placebo response rate because a subject who initially 
responded to placebo would have a longer time to relapse 
back into depression. Second, the use of a gel formulation 
of testosterone rather than intramuscular (IM) testoster-
one may have decreased the placebo response rate because 
IM medications may have a higher placebo response rate,61 
perhaps due to greater psychological effects of an injection. 

For example, in the only placebo-controlled trial of testos-
terone treatment in major depressive disorder,61 the placebo 
response rate for an IM placebo injection was 41.2%. In 
contrast, in the current study, the placebo response rate for 
placebo gel was only 18.8%. Another potential advantage 
of the gel formulation of testosterone is that it provides 
near–steady-state levels of testosterone62 that are more 
physiologic than the wide fluctuations in testosterone that 
are associated with IM or oral testosterone. The steady-state 
physiologic levels of testosterone may have improved treat-
ment response given that wide fluctuations in testosterone 
levels have been reported to be associated with dysphoria, 
especially at the nadir of testosterone levels.

Third, the men in this study had both hypogonadism 
and depression at baseline, and this is the only group of 
men who have shown beneficial response to testosterone in 
placebo-controlled studies. We hypothesized that men with 
low testosterone levels would be more likely to respond to 
testosterone treatment than would men with normal tes-
tosterone levels on the basis of several studies that noted 
threshold effects with testosterone and mood. Specifically, 
these studies noted that below a threshold level of testoster-
one, there was an increased prevalence of depressive illness 
or a negative correlation between testosterone and depres-
sive symptoms, while above the threshold level there was 
no correlation between testosterone and mood.30,36,37,48 Fi-
nally, the subjects in our study had a high degree of medical 
comorbidity, with an average of 3 to 4 chronic medical con-
ditions, suggesting that testosterone treatment may be more 
efficacious for men with chronic medical illness. This pos-
sibility is supported by several positive trials of testosterone 
treatment in HIV-positive men57,63,64 who are chronically 
medically ill.

This study has several limitations. One is the small 
sample size. Recruitment was slow due to the exclusion of 
many subjects. The difficult recruitment process could lead 
to concerns that there are not very many older men who 
have both hypogonadism and subthreshold depression. 
However, many men were excluded due to the high degree 
of psychiatric morbidity and psychotropic medication use 
in the VA population. Some of these conditions were exclu-
sions because they may have complicated interpretation of 
the results. For example, benzodiazepines were an exclusion 
because efficacy of testosterone could have been masked by 
benzodiazepine side effects of sedation and fatigue. How 
ever, benzodiazepines are not contraindications to testos-
terone treatment, and, thus, in routine clinical practice (as 
opposed to a clinical trial), benzodiazepine treatment would 
not preclude treatment with testosterone. In addition, nearly 
40% of the men were excluded due to concurrent testoster-
one treatment, which also limited our sample size.

Another limitation was the differential dropout between 
treatment arms, with 5 dropouts from the testosterone arm 
and 1 from the placebo arm. The greater number of dropouts 
in the testosterone arm appeared to be due to chance and 
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was not associated with any serious adverse effects. We in-
cluded the dropouts from the testosterone arm in an LOCF 
analysis and continued to observe significant differences 
between the testosterone and placebo groups in HAM-D 
scores. However, since we included the 5 men in the testos-
terone arm who had only baseline data, it is possible that 
we underestimated the beneficial effects of testosterone. An-
other limitation is that we did not have frequent in-clinic 
visits. However, it is possible that the less frequent visits 
reduced the placebo response rate in our study. In addition, 
the less frequent visits are more consistent with practice pat-
terns in a primary care setting where many hypogonadal 
men with subthreshold depression may be evaluated.

Despite these limitations, there are several strengths 
to our study, including the randomized, double-blind,  
placebo-controlled design; inclusion of men with both low 
testosterone levels and subthreshold depression; and per-
formance of triplicate measurements of testosterone, which 
improves the reliability of the measures.

In conclusion, this is the first study of which we are aware 
that has examined testosterone replacement in older, hypo
gonadal men with subthreshold depression. We found that 
men with subthreshold depression who were treated with 
testosterone had a significantly greater decrease in HAM-D 
scores than did placebo-treated men and that this response 
was maintained in the extension phase. In addition, men 
with lower HAM-D scores at baseline had a higher remis-
sion rate. These results suggest that testosterone may be 
most effective in patients with mild depressive symptoms, 
such as minor depression or dysthymia, or in men who have 
partially responded to antidepressant treatment but have 
not yet fully remitted from their depression. However, the 
routine use of testosterone cannot be advocated at this time, 
given the limited number of placebo-controlled studies and 
the small sample size of this study. Replication of these re-
sults in a larger sample will be important given the small 
size of this study. In addition, although there have been no 
studies that have found an association between testosterone 
levels65 or testosterone treatment and incident prostate can-
cer, this possibility remains a concern.66 Finally, it will also 
be important to examine different patient populations and 
potential subgroup factors that may predict greater respon-
siveness to testosterone. In particular, testosterone treatment 
studies in men with chronic medical illness are needed since 
most studies of testosterone treatment of depressive illness 
in older men have included primarily healthy men.

REFERENCES

  1.	 Araujo AB, Kupelian V, Page ST, et al. Sex steroids and all-cause  
and cause-specific mortality in men. Arch Intern Med 2007;167(12): 
1252–1260

  2.	 Matsumoto AM. Andropause: clinical implications of the decline in 
serum testosterone levels with aging in men. J Gerontol A Biol Sci Med 
Sci 2002;57(2):M76–M99

  3.	 Lapid MI, Rummans TA. Evaluation and management of geriatric  
depression in primary care. Mayo Clin Proc 2003;78(11):1423–1429

  4.	 Barrett-Connor E, Von Muhlen DG, Kritz-Silverstein D. Bioavailable 
testosterone and depressed mood in older men: the Rancho Bernardo 
Study. J Clin Endocrinol Metab 1999;84(2):573–577

  5.	 Kratzik CW, Schatzl G, Lackner JE, et al. Mood changes, body mass in-
dex and bioavailable testosterone in healthy men: results of the Androx 
Vienna Municipality Study. BJU Int 2007;100(3):614–618

  6.	 Seidman SN, Araujo AB, Roose SP, et al. Low testosterone levels in elder-
ly men with dysthymic disorder. Am J Psychiatry 2002;159(3):456–459

  7.	 Delhez M, Hansenne M, Legros JJ. Andropause and psychopathology: 
minor symptoms rather than pathological ones. Psychoneuroendocri-
nology 2003;28(7):863–874

  8.	 Kanayama G, Amiaz R, Seidman S, et al. Testosterone supplementation 
for depressed men: current research and suggested treatment guidelines. 
Exp Clin Psychopharmacol 2007;15(6):529–538

  9.	 Pincus HA, Davis WW, McQueen LE. “Subthreshold” mental disorders: 
a review and synthesis of studies on minor depression and other “brand 
names.” Br J Psychiatry 1999;174:288–296

10.	 McCusker J, Cole M, Dufouil C, et al. The prevalence and correlates of 
major and minor depression in older medical inpatients. J Am Geriatr 
Soc 2005;53(8):1344–1353

11.	 Lyness JM, King DA, Cox C, et al. The importance of subsyndromal 
depression in older primary care patients: prevalence and associated 
functional disability. J Am Geriatr Soc 1999;47(6):647–652

12.	 Horowitz A, Reinhardt JP, Kennedy GJ. Major and subthreshold depres-
sion among older adults seeking vision rehabilitation services. Am J 
Geriatr Psychiatry 2005;13(3):180–187

13.	 Xavier FM, Ferraza MP, Argimon I, et al. The DSM-IV “minor depres-
sion” disorder in the oldest-old: prevalence rate, sleep patterns, memory 
function and quality of life in elderly people of Italian descent in South-
ern Brazil. Int J Geriatr Psychiatry 2002;17(2):107–116

14.	 Jackson JL, Passamonti M, Kroenke K. Outcome and impact of mental 
disorders in primary care at 5 years. Psychosom Med 2007;69(3): 
270–276

15.	 Lakey SL, Gray SL, Ciechanowski P, et al. Antidepressant use in nonma-
jor depression: secondary analysis of a Program to Encourage Active, 
Rewarding Lives for Seniors (PEARLS), a randomized controlled 
trial in older adults from 2000 to 2003. Am J Geriatr Pharmacother 
2008;6(1):12–20

16.	 Licht-Strunk E, van der Kooij KG, van Schaik DJ, et al. Prevalence of 
depression in older patients consulting their general practitioner in The 
Netherlands. Int J Geriatr Psychiatry 2005;20(11):1013–1019

17.	 Chopra MP, Zubritsky C, Knott K, et al. Importance of subsyndromal 
symptoms of depression in elderly patients. Am J Geriatr Psychiatry 
2005;13(7):597–606

18.	 Kumar A, Jin Z, Bilker W, et al. Late-onset minor and major depression: 
early evidence for common neuroanatomical substrates detected by us-
ing MRI. Proc Natl Acad Sci U S A 1998 23;95(13):7654–7658

19.	 Penninx BW, Geerlings SW, Deeg DJ, et al. Minor and major depres-
sion and the risk of death in older persons. Arch Gen Psychiatry 
1999;56(10):889–895

20.	 Cuijpers P, Smit F, Oostenbrink J, et al. Economic costs of minor  
depression: a population-based study. Acta Psychiatr Scand 2007;115(3): 
229–236

21.	 American Psychiatric Association. Diagnostic and Statistical Manual  
of Mental Disorders, Fourth Edition. Washington, DC: American  
Psychiatric Association; 1994

22.	 Hamilton M. Development of a rating scale for primary depressive  
illness. Br J Soc Clin Psychol 1967;6(4):278–296

23.	 Kupfer DJ. Achieving adequate outcomes in geriatric depression:  
standardized criteria for remission. J Clin Psychopharmacol 2005; 
25(4 suppl 1):S24–S28

24.	 Lipman RS, Covi L, Shapiro AK. The Hopkins Symptom Check-
list (HSCL): factors derived from the HSCL-90. J Affect Disord 
1979;1(1):9–24

25.	 Williams JW Jr, Stellato CP, Cornell J, et al. The 13- and 20-item Hop-
kins Symptom Checklist depression scale: psychometric properties in 
primary care patients with minor depression or dysthymia. Int J  
Psychiatry Med 2004;34(1):37–50

26.	 Beusterien KM, Steinwald B, Ware JE Jr. Usefulness of the SF-36 Health 
Survey in measuring health outcomes in the depressed elderly. J Geriatr 
Psychiatry Neurol 1996;9(1):13–21

27.	 Endicott J, Nee J, Harrison W, et al. Quality of Life Enjoyment  
and Satisfaction Questionnaire: a new measure.  



Testosterone and Subthreshold Depression in Older Men

J Clin Psychiatry 70:7, July 2009 1016

Psychopharmacol Bull 1993;29(2):321–326
28.	 Miller MD, Paradis CF, Houck PR, et al. Rating chronic medical illness 

burden in geropsychiatric practice and research: application of the  
Cumulative Illness Rating Scale. Psychiatry Res 1992;41(3):237–248

29.	 Katzman R, Brown T, Fuld P, et al. Validation of a short Orientation-
Memory-Concentration Test of cognitive impairment. Am J Psychiatry 
1983;140(6):734–739

30.	 Wang C, Swerdloff RS, Iranmanesh A, et al. Transdermal testosterone 
gel improves sexual function, mood, muscle strength, and body com-
position parameters in hypogonadal men. J Clin Endocrinol Metab 
2000;85(8):2839–2853

31.	 Tsai EC, Matsumoto AM, Fujimoto WY, et al. Association of bioavail-
able, free, and total testosterone with insulin resistance: influence 
of sex hormone–binding globulin and body fat. Diabetes Care 
2004;27(4):861–868

32.	 Vermeulen A, Verdonck L, Kaufman JM. A critical evaluation of simple 
methods for the estimation of free testosterone in serum. J Clin  
Endocrinol Metab 1999;84(10):3666–3672

33.	 Cook R, Zeng L, Yi G. Marginal analysis of incomplete longitudi-
nal binary data: a cautionary note on LOCF imputation. Biometrics 
2004;60:820–828

34.	 Pinquart M, Duberstein PR, Lyness JM. Treatments for later-life depres-
sive conditions: a meta-analytic comparison of pharmacotherapy and 
psychotherapy. Am J Psychiatry 2006;163(9):1493–1501

35.	 Emmelot-Vonk MH, Verhaar HJ, Nakhai Pour HR, et al. Effect of 
testosterone supplementation on functional mobility, cognition, and 
other parameters in older men: a randomized controlled trial. JAMA 
2008;299(1):39–52

36.	 Almeida OP, Yeap BB, Hankey GJ, et al. Low free testosterone concen-
tration as a potentially treatable cause of depressive symptoms in older 
men. Arch Gen Psychiatry 2008;65(3):283–289

37.	 Shores MM, Sloan KL, Matsumoto AM, et al. Increased incidence of 
diagnosed depressive illness in hypogonadal older men. Arch Gen  
Psychiatry 2004;61(2):162–167

38.	 Shores MM, Moceri VM, Sloan KL, et al. Low testosterone levels predict 
incident depressive illness in older men: effects of age and medical mor-
bidity. J Clin Psychiatry 2005;66(1):7–14

39.	 Beyenburg S, Watzka M, Clusmann H, et al. Androgen receptor mRNA 
expression in the human hippocampus. Neurosci Lett 2000;294(1):25–28

40.	 DonCarlos LL, Sarkey S, Lorenz B, et al. Novel cellular phenotypes and 
subcellular sites for androgen action in the forebrain. Neuroscience 
2006;138(3):801–807

41.	 Fernandez-Guasti A, Kruijver FP, Fodor M, et al. Sex differences in the 
distribution of androgen receptors in the human hypothalamus. J Comp 
Neurol 2000;425(3):422–435

42.	 Ishunina TA, Fisser B, Swaab DF. Sex differences in androgen receptor 
immunoreactivity in basal forebrain nuclei of elderly and Alzheimer 
patients. Exp Neurol 2002;176(1):122–132

43.	 Kruijver FP, Fernandez-Guasti A, Fodor M, et al. Sex differences in 
androgen receptors of the human mamillary bodies are related to en-
docrine status rather than to sexual orientation or transsexuality. J Clin 
Endocrinol Metab 2001;86(2):818–827

44.	 Fink G, Sumner B, Rosie R, et al. Androgen actions on central serotonin 
neurotransmission: relevance for mood, mental state and memory.  
Behav Brain Res 1999;105(1):53–68

45.	 Flugge G, Kramer M, Rensing S, et al. 5HT1A-receptors and behaviour 
under chronic stress: selective counteraction by testosterone. Eur J  
Neurosci 1998;10(8):2685–2693

46.	 Bao AM, Fischer DF, Wu YH, et al. A direct androgenic involvement  
in the expression of human corticotropin-releasing hormone.  
Mol Psychiatry 2006;11(6):567–576

47.	 Schutter DJ, Peper JS, Koppeschaar HP, et al. Administration of 

testosterone increases functional connectivity in a cortico-cortical de-
pression circuit. J Neuropsychiatry Clin Neurosci 2005;17(3):372–377

48.	 Wang C, Alexander G, Berman N, et al. Testosterone replacement  
therapy improves mood in hypogonadal men: a clinical research center 
study. J Clin Endocrinol Metab 1996;81(10):3578–3583

49.	 McNicholas TA, Dean JD, Mulder H, et al. A novel testosterone gel 
formulation normalizes androgen levels in hypogonadal men, with 
improvements in body composition and sexual function. BJU Int 
2003;91(1):69–74

50.	 Steidle C, Schwartz S, Jacoby K, et al. AA2500 testosterone gel 
normalizes androgen levels in aging males with improvements in 
body composition and sexual function. J Clin Endocrinol Metab 
2003;88(6):2673–2681

51.	 Vogel W, Klaiber EL, Broverman DM. A comparison of the antidepres-
sant effects of a synthetic androgen (mesterolone) and amitriptyline in 
depressed men. J Clin Psychiatry 1985;46(1):6–8

52.	 Perry PJ, Yates WR, Williams RD, et al. Testosterone therapy in late-life 
major depression in males. J Clin Psychiatry 2002;63(12):1096–1101

53.	 Itil TM, Michael ST, Shapiro DM, et al. The effects of mesterolone, a 
male sex hormone, in depressed patients (a double blind controlled 
study). Methods Find Exp Clin Pharmacol 1984;6(6):331–337

54.	 Seidman SN, Miyazaki M, Roose SP. Intramuscular testosterone 
supplementation to selective serotonin reuptake inhibitor in treatment-
resistant depressed men: randomized placebo-controlled clinical trial.  
J Clin Psychopharmacol 2005;25(6):584–588

55.	 Seidman SN, Rabkin JG. Testosterone replacement therapy for hy-
pogonadal men with SSRI-refractory depression. J Affect Disord 
1998;48(2–3):157–161

56.	 Pope HG Jr, Cohane GH, Kanayama G, et al. Testosterone gel 
supplementation for men with refractory depression: a randomized, 
placebo-controlled trial. Am J Psychiatry 2003;160(1):105–111

57.	 Grinspoon S, Corcoran C, Stanley T, et al. Effects of hypogonadism and 
testosterone administration on depression indices in HIV-infected men. 
J Clin Endocrinol Metab 2000;85(1):60–65

58.	 Rabkin JG, Wagner GJ, Rabkin R. A double-blind, placebo-controlled 
trial of testosterone therapy for HIV-positive men with hypogonadal 
symptoms. Arch Gen Psychiatry 2000;57(2):141–147

59.	 Orengo CA, Fullerton L, Kunik ME. Safety and efficacy of testosterone 
gel 1% augmentation in depressed men with partial response to antide-
pressant therapy. J Geriatr Psychiatry Neurol 2005;18(1):20–24

60.	 Rabkin JG, Wagner GJ, McElhiney MC, et al. Testosterone versus fluoxe-
tine for depression and fatigue in HIV/AIDS: a placebo-controlled trial. 
J Clin Psychopharmacol 2004;24(4):379–385

61.	 Seidman SN, Spatz E, Rizzo C, et al. Testosterone replacement therapy 
for hypogonadal men with major depressive disorder: a randomized, 
placebo-controlled clinical trial. J Clin Psychiatry 2001;62(6):406–412

62.	 Wang C, Cunningham G, Dobs A, et al. Long-term testosterone gel 
(AndroGel) treatment maintains beneficial effects on sexual function 
and mood, lean and fat mass, and bone mineral density in hypogonadal 
men. J Clin Endocrinol Metab 2004;89(5):2085–2098

63.	 Rabkin JG, Wagner GJ, Rabkin R. Testosterone therapy for human im-
munodeficiency virus–positive men with and without hypogonadism.  
J Clin Psychopharmacol 1999;19(1):19–27

64.	 Rabkin JG, Rabkin R, Wagner G. Testosterone replacement therapy in 
HIV illness. Gen Hosp Psychiatry 1995;17(1):37–42

65.	 Roddam AW, Allen NE, Appleby P, et al. Endogenous sex hormones and 
prostate cancer: a collaborative analysis of 18 prospective studies. J Natl 
Cancer Inst 2008;100(3):170–183

66.	 Bhasin S, Cunningham GR, Hayes FJ, et al. Testosterone therapy in  
adult men with androgen deficiency syndromes: an Endocrine Society 
Clinical Practice Guideline. J Clin Endocrinol Metab 2006;91(6): 
1995–2010


	Table of Contents

