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CLINICAL
TRIALS

DESIGN Clinical Trials 2014; 11: 362–375

The Testosterone Trials: Seven coordinated trials
of testosterone treatment in elderly men

Peter J Snydera, Susan S Ellenbergb, Glenn R Cunninghamc, Alvin M Matsumotod, Shalender
Bhasine, Elizabeth Barrett-Connorf, Thomas M Gillg, John T Farrarh, David Cellai, Raymond C
Rosenj, Susan M Resnickk, Ronald S Swerdloffl, Jane A Cauleym, Denise Cifellih, Laura Fluhartyh,
Marco Pahorn, Kristine E Ensrudo, Cora E Lewisp, Mark E Molitchq, Jill P Crandallr, Christina
Wangl, Matthew J Budoffs, Nanette K Wengert, Emile R Mohler 3rdu, Diane E Bildv, Nakela L
Cookw, Tony M Keavenyx, David L Kopperdahly, David Leey, Ann V Schwartzz, Thomas W Storerab,
William B Ershlerac, Cindy N Royad, Leslie J Raffelae, Sergei Romashkanaf and Evan Hadleyaf

Background The prevalence of low testosterone levels in men increases with age,

as does the prevalence of decreased mobility, sexual function, self-perceived vitality,

cognitive abilities, bone mineral density, and glucose tolerance, and of increased

anemia and coronary artery disease. Similar changes occur in men who have low

serum testosterone concentrations due to known pituitary or testicular disease, and

testosterone treatment improves the abnormalities. Prior studies of the effect of tes-

tosterone treatment in elderly men, however, have produced equivocal results.

Purpose To describe a coordinated set of clinical trials designed to avoid the pitfalls

of prior studies and to determine definitively whether testosterone treatment of

elderly men with low testosterone is efficacious in improving symptoms and objec-

tive measures of age-associated conditions.

Methods We present the scientific and clinical rationale for the decisions made in

the design of this set of trials.

Results We designed The Testosterone Trials as a coordinated set of seven trials to

determine if testosterone treatment of elderly men with low serum testosterone concen-

trations and symptoms and objective evidence of impaired mobility and/or diminished

libido and/or reduced vitality would be efficacious in improving mobility (Physical Func-

tion Trial), sexual function (Sexual Function Trial), fatigue (Vitality Trial), cognitive func-

tion (Cognitive Function Trial), hemoglobin (Anemia Trial), bone density (Bone Trial),

and coronary artery plaque volume (Cardiovascular Trial). The scientific advantages of

this coordination were common eligibility criteria, common approaches to treatment

and monitoring, and the ability to pool safety data. The logistical advantages were a sin-

gle steering committee, data coordinating center and data and safety monitoring board,

the same clinical trial sites, and the possibility of men participating in multiple trials. The

major consideration in participant selection was setting the eligibility criterion for serum

testosterone low enough to ensure that the men were unequivocally testosterone defi-

cient, but not so low as to preclude sufficient enrollment or eventual generalizability of

the results. The major considerations in choosing primary outcomes for each trial were

identifying those of the highest clinical importance and identifying the minimum clini-

cally important differences between treatment arms for sample size estimation.
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Potential limitations Setting the serum testosterone concentration sufficiently low

to ensure that most men would be unequivocally testosterone deficient, as well as

many other entry criteria, resulted in screening approximately 30 men in person to

randomize one participant.

Conclusion Designing The Testosterone Trials as a coordinated set of seven trials

afforded many important scientific and logistical advantages but required an inten-

sive recruitment and screening effort. Clinical Trials 2014; 11: 362–375. http://

ctj.sagepub.com

Introduction

The prevalence of low testosterone levels in men
increases with age, as does the prevalence of many
symptoms and conditions that are similar to those
that occur when men of any age develop testoster-
one deficiency due to known pituitary or testicular
disease. These parallels suggest the possibility that
the lower testosterone levels in elderly men contri-
bute to many other age-associated conditions. Prior
trials of the effects of testosterone treatment of
elderly men, however, yielded equivocal results. The
Testosterone Trials are a coordinated set of clinical
trials designed to determine if testosterone treat-
ment would benefit elderly men who have low tes-
tosterone concentrations and conditions of which
low testosterone may be a cause or a contributor.

Cross-sectional studies, such as the European
Male Aging Study [1], and longitudinal studies, such
as the Baltimore Longitudinal Study of Aging [2],
showed gradual decreases in testosterone with
increasing age. As men age, they also experience
decreased muscle mass [3,4] and mobility [5],
decreased sexual function [6], decreased energy, ane-
mia [7], decline in memory and other cognitive
functions [8], decreased bone mineral density [9]
and increased fractures [10], increased fat mass [11],
and impaired glucose tolerance [12].

Several randomized, placebo-controlled trials stu-
died the effects of testosterone treatment of elderly
men with low–normal to slightly low serum testos-
terone concentrations. Testosterone treatment con-
sistently increased lean mass and decreased fat mass
[13–17] and tended to increase bone mineral density
of the spine [18,19]. Effects on muscle strength and
physical performance [13–15,17,20], sexual function
[13,17,20], cognition [21,22], and energy [13,17,21]
were inconsistent.

In 2003, a panel of the Institute of Medicine of
the National Academy of Sciences concluded that
the evidence did not demonstrate any clear benefi-
cial effect of testosterone treatment of elderly men
and recommended a coordinated set of clinical trials
to determine if such treatment would have any ben-
efit. It recommended not conducting a long-term
trial to evaluate risk until efficacy had been

demonstrated [23]. The Testosterone Trials were
designed to implement this recommendation.

Methods

Choice of overall study design

The major feature of The Testosterone Trials design
is a coordinated set of clinical trials to test the effi-
cacy of testosterone treatment in elderly men who
had a low serum testosterone and one or more clini-
cal abnormalities that low testosterone may cause.
Each trial was designed to test the effect of testoster-
one on a clinical condition that testosterone is
known to improve in men who have severe hypogo-
nadism due to known disease of the pituitary or
testes. The rationale for coordinating many aspects
of these trials – including the recruitment, screen-
ing, treatment, and monitoring for safety, as well as
the study governance and management – was to
facilitate uniform selection and treatment and to
allow pooling of safety data.

Coordination also had two practical advantages.
The first was cost-efficiency, since the same recruit-
ing, screening, and study management was used for
all trials. Costs also were reduced greatly because
participants could, when they qualified, enroll in
more than one trial, reducing the total number who
had to be identified, screened, and treated. The sec-
ond was simplifying study management by having
a single steering committee, data coordinating cen-
ter and Data and Safety Monitoring Board, and the
same field sites for all trials.

Participant selection – inclusion criteria

The major factors considered in choosing inclusion
and exclusion criteria for the common aspects of
the trial (Table 1) were age, serum testosterone con-
centration, conditions that could interfere with the
interpretation of the results, and conditions that tes-
tosterone treatment could exacerbate.

We chose 65 years as the lower age limit because it
is a commonly used cutoff for studies of the elderly.
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We used the serum total testosterone concentra-
tion for screening, even though it is the free testos-
terone that is biologically active, because assays for
total testosterone are more accurate and better stan-
dardized than those for free, and usually, total testos-
terone accurately reflects the free [24]. In addition,
total testosterone assays are more widely available
than free testosterone assays and more commonly
used in clinical practice.

We selected a serum testosterone value for inclu-
sion intended to be low enough that it would be
considered unequivocally low but high enough that
we would meet recruitment targets that provided
the desired statistical power. The lower limit of the
normal range of total testosterone for young men
usually is considered to be about 300 ng/dL early in
the morning. Based on these considerations, we
chose to include men whose serum testosterone was
\250 ng/dL at 8 a.m. to 10 a.m. on two occasions;
because this stringent requirement hampered
recruiting, we later relaxed the criteria to \275 ng/
dL on the first screen, \300 ng/dL on the second,
and \275 ng/dL for the average of the two assays.

Participants also were required to have one or
more symptoms that could be consequent to the
low testosterone in order to qualify for one of the
three main trials (see main trials, below).

Participant selection – exclusion criteria

A final consideration in participant selection was to
exclude men who were at relatively high risk of hav-
ing conditions that testosterone treatment may
exacerbate, such as prostate cancer, benign prostatic
hyperplasia, erythrocytosis, and sleep apnea (Table 1).

We excluded men who had a history of prostate
cancer or prostatic intraepithelial neoplasia, men
who had a palpable prostate nodule by digital rectal

examination, and men who had a relatively high
risk of undiagnosed prostate cancer by the Prostate
Cancer Risk Calculator [25]. We adjusted the pros-
tate-specific antigen (PSA) level to what it would
have been had the participant’s serum testosterone
been normal, using unpublished data from the Eur-
opean Male Aging Study (courtesy, Dr Frederick Wu)
that showed a significant association between the
serum PSA and testosterone concentrations in men
�65 years whose serum testosterone was \460 ng/
dL and PSA was \4 ng/mL. The regression coeffi-
cient was 0.00128 (p = 0.007), and the coefficient of
determination (r2) was 0.016. The correction factor
((460 2 serum testosterone concentration) 3

0.00128) was added to the measured PSA to give the
PSA value used in the risk calculator.

We excluded men whose risk of any prostate cancer
was .35% and risk of high-grade cancer was .7%,
values we considered conservative. For example, a 75-
year-old Caucasian man who had no family history of
prostate cancer could have had a serum PSA no higher
than 2.8 ng/mL to qualify by this criterion.

Benign prostatic hyperplasia is also dependent on
testosterone and its conversion to dihydrotestoster-
one [26,27]. We therefore also excluded men who
had symptoms of severe lower urinary tract symp-
toms, as defined by a score of .19 on the Interna-
tional Prostate Symptom Score (IPSS) questionnaire.

We excluded men who had hemoglobin concen-
trations .16.0 g/dL and men with diagnosed but
untreated sleep apnea.

Because of a report of a large excess of cardiovas-
cular events in another trial [28], we excluded men
who had had a myocardial infarction or stroke
within the previous 3 months or had systolic blood
pressure . 160 mm Hg, or diastolic blood
pressure . 100 mm Hg. Other exclusions are listed
in Table 1.

Table 1. Common inclusion and exclusion criteria for The Testosterone Trialsa

Inclusion criteria

Men � 65 years old

Total serum testosterone concentration at screening visit 1\275 ng/dL, at screening visit 2\300 ng/dL, and an average of both

values\275 ng/dL

Exclusion criteria

Diagnosed prostate cancer or prostatic intraepithelial neoplasia

Risk of prostate cancer by the Prostate Cancer Risk Calculator: .35% of overall prostate cancer or .7% risk of high-grade prostate

cancer

Severe lower urinary tract symptoms (score of .19) by the International Prostate Symptom Score questionnaire

Sleep apnea, diagnosed but untreated

Illnesses or medications that would interfere with interpretation of the results

Medications that affect serum testosterone concentration

aAbbreviated list. The complete list of the common inclusion and exclusion criteria is in the supplemental data section.
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Choice of trials and parameters

Prior evidence about which conditions of elderly
men testosterone was most likely to ameliorate
determined the choice of trials. The main trials were
Physical Function, Sexual Function, and Vitality.
Cognitive function testing was performed on all par-
ticipants. The Anemia Trial included all participants
in the three main trials who were mildly to moder-
ately anemic at baseline. The Cardiovascular and
Bone Trials were open to participants in the main
trials who met additional specific entry criteria.

Treatment allocation and balancing

We allocated participants to receive testosterone or
placebo based on the covariate-adaptive approach of
minimization. Minimization allows balancing with
a larger number of variables than stratified randomi-
zation [29,30]. Balancing variables included partici-
pation in each of the main trials, clinical site, mean
screening testosterone concentration under or over
200 ng/dL, age under or over 75, current antidepres-
sant use, and current phosphodiesterase-5 inhibitor
use. We used the method of Taves [29] with the
modification that treatment optimizing balance for
each participant was assigned with 80% (rather than
100%) probability to maintain some randomness to
the algorithm.

Testosterone treatment

The duration of testosterone treatment was chosen
to be 1 year, in keeping with the Institute of Medi-
cine recommendation to study efficacy in short-
term trials [23].

For a testosterone preparation, we chose a gel
applied to the skin, because these preparations
increase the serum testosterone concentrations of
most hypogonadal men to within the normal range,
and most men find them easy to use. We chose
AndroGel 1% in a pump bottle (AbbVie).

Testosterone and placebo kits were prepared by
the central pharmacy and sent to sites with num-
bers incorporated into the data management system
that linked participant identification number to a
kit number when the participant was randomized.

The goal of testosterone treatment was to increase
the serum testosterone concentration of the men
assigned to the testosterone arm to within the nor-
mal range for young men and maintain it during the
1 year of treatment. The initial dose was 5 g of gel.
The serum testosterone concentration was measured
at months 1, 2, 3, 6, and 9 in a central laboratory
(Quest Diagnostics Clinical Trials, Valencia, CA,
USA). The dose of AndroGel was adjusted after each
measurement, if necessary, to achieve that goal by
an algorithm shown in Figure 1. The target range

was initially 400–800 ng/dL, but was changed to
500–800 ng/dL after early trial data showed that the
median testosterone concentration was 400–500 ng/
dL, below the middle of the target range. Compli-
ance was assessed by weighing used and unused
pump bottles. To maintain blinding, when we chan-
ged the gel dose (number of depressions of the
pump bottle) of a man in the testosterone arm, we
simultaneously changed the dose of gel of a partici-
pant in the placebo arm who recently had had blood
drawn at the same visit but at a different clinical site.
Dose adjustment was prompted by messages from a
designated Data Coordinating Center research coor-
dinator to site investigators based on testosterone
levels measured centrally and communicated to the
designated Data Coordinating Center research
coordinator.

We monitored the performance of the testoster-
one assay in collaboration with the Testosterone
Standardization Program of the Centers for Disease
Control by periodically inserting blinded aliquots of
testosterone pools into the assay.

Monitoring participants for potential adverse effects

of testosterone

Participants were monitored during the 1 year of
treatment for development of conditions that tes-
tosterone could exacerbate. Participants were moni-
tored for prostate cancer by digital rectal
examination and serum PSA at 3 and 12 months.
They were referred to a study urologist for considera-
tion of a prostate biopsy whenever a nodule was
detected or the PSA concentration increased by
.1.0 ng/mL above the baseline value and was con-
firmed by a second measurement. If a biopsy
showed prostate cancer, gel treatment was
discontinued.

Participants were monitored for severe lower urin-
ary tract symptoms by administration of the IPSS at
months 3 and 12. An increase to .19 resulted in a
review of possible causes. If none was found, treat-
ment with an alpha-adrenergic receptor blocking
drug was considered. If symptoms persisted, the par-
ticipant was referred to a urologist for evaluation.

Participants were monitored for development of
erythrocytosis by assaying the hemoglobin concen-
tration at months 3, 6, 9, and 12. Whenever the
value increased to .17.5 g/dL, confirmed by a repeat
test, a cause was sought. If none was found, the gel
dose was reduced. If the value did not decrease to
�17.5 g/dL, phlebotomy was recommended.

Specific trials

To qualify for The Testosterone Trials overall, a man
had to meet all of the general enrollment criteria
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described above (Table 1) and also the specific elig-
ibility criteria for at least one of the three main trials
(Table 2). A participant who also met the specific
enrollment criteria for the Cardiovascular Trial and
the Bone Trial could enroll in them (Table 2). Each
specific trial had its own hypotheses, primary and
secondary endpoints (Table 3), and sample size tar-
gets (Table 4).

Physical function trial

The primary hypothesis of the Physical Function
Trial was that 1 year of testosterone treatment of
elderly men with a low serum testosterone concen-
tration and mobility disability would increase the
proportion of men who improved their distance in
the 6-min walk test by � 50 m. This test was selected
as the primary outcome because (1) walking is essen-
tial for most activities of daily living and predicts
meaningful clinical outcomes [31–33] and (2) data
about the minimum clinically important difference

(50 m) were available [34–36]. One investigator
(T.W.S.) trained the staff at each site in the adminis-
tration of this test and visited each site once a year
to monitor performance. The sample size estimate
was based on providing 90% power to detect a
meaningful difference if �15% of men in the pla-
cebo group and �30% of men in the testosterone
group increased the distance they walked in 6 min
by �50 m.

The inclusion criterion for the Physical Function
Trial was symptomatic and objective mobility dis-
ability, defined by a combination of self-reported dif-
ficulty walking one-quarter mile and/or walking up
one flight of stairs and a gait speed of \1.2 m/s on
the 6-min walk test, a value associated with reduced
survival [37,38].

Sexual function trial

The primary hypothesis of the Sexual Function Trial
was that testosterone treatment of elderly men with

Figure 1. Algorithm for raising or lowering the dose of testosterone gel based on the serum testosterone concentration of a man in the
testosterone treatment arm at months 1, 2, 3, 6, and 9.
When the Data Coordinating Center received a testosterone result from the central laboratory, a single data coordinator entered the result into a computer

program that used this algorithm to determine if a dose adjustment was needed. The computer program also selected a man in the placebo arm at another

site to have his dose of gel adjusted at the same time. The data coordinator then notified each site of the participant and the change to be made.
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low sexual interest will increase sexual activity, as
assessed by question 4 of the Harbor-UCLA 7-day
Sexual Function Diary [39]. This questionnaire had
been used in previous testosterone trials to demon-
strate increased sexual activity [40–42]. We adminis-
tered it by interactive voice response [43]. The
sample size estimate was based on providing 90%
power to detect a difference in score of 0.75 units
(standard deviation (SD) of change from baseline to
12 months of 1.86) [41].

The inclusion criterion was decreased libido, both
self-reported and by a score of �20 on the Derogatis
Inventory of Sexual Function–Males–II question-
naire, and a partner willing to have sexual inter-
course at least twice a month.

Vitality trial

The primary hypothesis of the Vitality Trial was that
testosterone treatment of elderly men with low vital-
ity would increase the proportion whose score on
the Functional Assessment of Chronic Illness Ther-
apy (FACIT)–Fatigue Scale would increase by �4
[44]. The sample size estimate was based on provid-
ing 90% power to detect a difference of 15% (20% of
men in the placebo group and 35% of men in the
testosterone group) in the proportion of men show-
ing would exhibit an increase at least this great. The
inclusion criterion for the Vitality Trial was low vital-
ity, as defined by both self-reported decreased energy
and a score of \40 on the FACIT-Fatigue Scale.

Cognitive function trial

The primary hypothesis was that testosterone treat-
ment of elderly men with age-associated memory
impairment would result in greater improvement,
or less decline, in verbal memory, as assessed by the
Delayed Paragraph Recall Subscale (Logical Memory
II) of the Wechsler Memory Scale–Revised [45]. Men
considered to have age-associated memory impair-
ment had subjective memory complaints, deter-
mined by their score on the Memory Assessments
Clinics Questionnaire, and objective memory
impairment, as determined either by a score on the
Delayed Paragraph Recall Subscale or by Benton
Visual Retention Test . 1 SD below the performance
for young men. We calculated that a sample size of
235 men/arm would provide 90% power to detect a
difference between the two arms of 3 points in the
Wechsler memory scale, the difference between the
50th percentile for 70- to 75-year-old men (17) and
that of 45- to 54-year-old men (20). Based on studies
showing that about 60% of men over 65 years meet
the criteria for age-associated memory impairment,
and a total enrollment of 789, we expect this num-
ber of men with age-associated memory impairment.

The Wake Forest Cognitive Function Coordinating
Center trained, certified, and recertified semiannu-
ally the site personnel who administered the tests.

Anemia trial

The primary aim was to determine if testosterone
treatment would increase hemoglobin by 1.0 g/dL
in men with unexplained mild to moderate anemia
of the elderly, defined as a hemoglobin concentra-
tion 10.0–12.7 g/dL not due to nutrient deficiency,
renal insufficiency, inflammation, or known hema-
tologic disease. We expect to enroll about 100 men
who met this criterion, which would provide .90%
power to detect this difference.

Cardiovascular trial

The primary hypothesis was that testosterone treat-
ment would decrease progression of noncalcified
coronary artery plaque volume, as assessed by com-
puted tomography (CT) angiography. Data using
similar CT angiography techniques suggested that
scans at baseline and 12 months for 60 men/arm
would provide 80% power to detect a 13 mm3 or lar-
ger difference between treatment arms after 1 year of
treatment, a value chosen to be more conservative
than the 14 mm3 treatment effect of statins (Dr Bud-
off, unpublished). Dr Budoff trained the site techni-
cians who performed the CT angiography.

Bone trial

The primary hypothesis was that testosterone treat-
ment for 1 year would increase trabecular volumetric
bone mineral density of the lumbar spine, measured
by quantitative CT. A prior study showed that testos-
terone increased volumetric bone mineral density
by 9% (standard error 3%) in 1 year [46]. With 86
men per arm, we should have 90% power to detect a
difference this large or larger.

The quantitative CT Reading Center (ON Diag-
nostics) trained the site CT technicians who per-
formed the quantitative CT scans and monitored
scan quality. The University of California San Fran-
cisco Dual Energy X-ray Absorptiometry Quality
Assurance Group trained the trial site dual energy
X-ray technicians and monitored scan quality.

Recruitment and screening

Several methods of recruitment were used initially,
including mass mailings and advertisements in
newspapers and on radio and television. Mass mail-
ings, based on lists specific for gender, age, and zip
code, were most successful.
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Table 2. The Testosterone Trials: additional inclusion and exclusion criteria for specific trialsa

Physical Function Trialb

Inclusion criteria

Symptomatic mobility disability, defined by

Self-reported difficulty in walking one-quarter mile and/or self-reported difficulty in walking up one flight of stairs

Walking speed\1.2 m/s on the 6-min walk test

Exclusion criteria

Not ambulatory

Conditions affecting mobility of sufficient severity that testosterone was unlikely to improve, including progressive neurological conditions (multiple

sclerosis) and severe, disabling arthritis of the legs or back

Sexual Function Trialb

Inclusion criteria

Self-reported decreased libido

Decreased libido, defined by a score of �20 on the DISF-M-II SR questionnaire

A partner willing to have sexual intercourse � twice/month

Exclusion criteria

Medical or nonmedical reasons that would preclude sexual activity

Severe peripheral vascular disease associated with an absence of pedal pulses

Autonomic neuropathy

Vitality Trialb

Inclusion criteria

Self-reported decreased energy

Low vitality, defined by a score\ 40 on the FACIT-Fatigue Scale

Exclusion criteria

None

Cognitive Function Trial

No specific inclusion or exclusion criteria

All participants in all trials were administered all cognitive function tests

Anemia Trial

Inclusion criteria

Anemia (hemoglobin\12.7 g/dL)

Exclusion criteria

Known causes of anemia

Cardiovascular Trial

Inclusion criteria

None

Exclusion criteria

Estimated glomerular filtration rate\ 60 mL/min

Weight . 300 lb

Allergy to iodinated contrast medium

Atrial fibrillation

Bone Trial

Inclusion criteria

None

Exclusion criteria

Bone mineral density of the lumbar spine, total hip, or femoral neck by DXA T-score\ 23.0

Serum calcium . 10.5 mg/dL

Medications that could affect bone

Surgery of the lumbar spine that prevented evaluation of at least one vertebra of L1-L4

DISF-M-II SR: Derogatis Inventory of Sexual Functioning–Males–II–Revised; FACIT: Functional Assessment of Chronic Illness Therapy; DXA: Dual Energy

X-Ray Absorptiometry.
aAbbreviated list. The complete list of inclusion and exclusion criteria for specific trials is in the supplemental data section.
bOne of the main trials.
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Screening was conducted in three successive steps
(Figure 2, Tables 5 and 6). Men who responded to
the advertisements were prescreened by telephone
to exclude those who had no qualifying symptom
or who had a disqualifying disease history. Poten-
tially eligible men were asked to come to the trial
site for the first in-person screening visit.

At the first in-person screening visit, potential par-
ticipants had a more detailed medical history and
had blood drawn for serum testosterone concentra-
tion. Whenever the value was \275 ng/dL, a PSA
and comprehensive metabolic panel were measured
on saved serum. As long as the risk of prostate can-
cer, as determined by the Prostate Cancer Risk Calcu-
lator, was sufficiently low, the potential participant
was asked to return for a second in-person screening
visit.

At the second in-person screening visit, a second
measurement of testosterone, a digital rectal exami-
nation, and other tests were performed to determine
if the candidate participant qualified for any of the
three main trials. Potential participants who

qualified for at least one main trial on the basis of
these tests were asked to schedule a baseline visit.

Adverse events

Although there are seven trials for efficacy, adverse
events are collected and treated as if all participants
are enrolled in one study.

Statistical considerations

Treatment blinding

Several methods were used to maintain blinding.
Only the Data Coordinating Center and the Central
Pharmacy knew treatment assignment. The testos-
terone and placebo preparations looked, smelled,
and felt the same. Clinical sites did not have access
to laboratory tests, such as testosterone, PSA, and
hemoglobin concentrations, that testosterone treat-
ment might increase.

Table 3. Tests of efficacy in The Testosterone Trials

Trials Tests of efficacy

Physical Function Trial 6-min walk test (primary efficacy test)

Physical function scale (PF10) of the SF-36

Patient global impression of change in walking a quarter mile

Sexual Function Trial Question 4 of the Harbor-UCLA 7-day Sexual Function Questionnaire (primary efficacy test)

Questions 1–3 and 5 and 6 of the Harbor-UCLA 7-day Sexual Function Questionnaire

Derogatis Inventory of Sexual Function–Males–II (DISF-M-II)

International Index of Erectile Function (IIEF)

Patient global assessment of change in sexual function

Vitality Trial FACIT-Fatigue Scale (primary efficacy test)

Positive and Negative Affect Scale (PANAS)

Vitality scale of the SF-36

Patient Health Questionnaire (PHQ)-9 depression score

Patient global impression of change in fatigue/vitality

Cognitive Function Trial Wechsler Memory Scale–Revised, Logical Memory II (WMS-R LM-II), delayed paragraph recall subtest

(primary efficacy test in men who have impaired memory at baseline)

Benton Visual Retention Test (BVRT)

Card Rotation Test

Trail Making Test (B-A score)

Patient global impression of change in memory

Anemia Trial Hemoglobin (primary efficacy test)

Cardiovascular Trial Computed Tomographic Angiography (CTA) (primary efficacy test)

Fasting insulin and glucose, hemoglobin A1c

Total, HDL and LDL cholesterol

IL6, C-reactive protein

Endothelial microparticles

Bone Trial Quantitative CT–measured trabecular volumetric BMD of lumbar spine (primary efficacy test) and hips

Quantitative CT–measured bone strength of the lumbar spine and hips

DXA-measured areal BMD of the lumbar spine and hips

SF-36: 36-Item Short-Form Health Survey; FACIT: Functional Assessment of Chronic Illness Therapy; HDL: high-density lipoprotein; LDL: low-density lipopro-

tein; CT: computed tomography; BMD: bone mineral density.
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Sample size considerations

Although we collected primary endpoint data in the
three main trials at baseline, 3, 6, 9, and 12 months
and will use longitudinal methods to analyze out-
comes, we calculated sample sizes based only on
comparisons between baseline and 12-month
values. We inflated each sample size by 5% to com-
pensate for participants with no post-baseline mea-
sures. For the Bone and Cardiovascular Trials, which
had only one post-baseline measure, the sample
sizes were inflated by 15% to account for dropouts.
The Cardiovascular Trial was inflated by an addi-
tional 10% to account for a decrease in renal func-
tion after baseline and resulting ineligibility to
receive contrast material at the 12-month visit.

Analytic methods

Each of the trials is considered a separate trial, so we
shall analyze the efficacy results of each trial indivi-
dually. The primary and secondary outcomes of each
trial will be evaluated for those participants who
enrolled in that trial. Participants will be analyzed in
the group to which they were assigned, regardless of
compliance with treatment. Each of the seven trials
will be analyzed according to a pre-specified analytic
plan.

Primary analyses of outcomes from all time points
will be performed with random effects models for
longitudinal data. Logistic models will be used for
binary variables and linear models for continuous
variables. Outcomes with measures at baseline and
12 months only (Cardiovascular and Bone Trials)
will be compared using multivariate logistic regres-
sion for binary variables and multivariate linear
regression for continuous variables, with adjustment
for balancing factors at baseline. Dichotomous out-
comes will be used for analysis when there are
known minimal clinically important differences, to
determine if testosterone not only has a statistically

significant effect but also one of clinical signifi-
cance. The potential impact of missing data on the
trials’ outcomes will be assessed by sensitivity ana-
lyses. The independent Data and Safety Monitoring
Board reviews data twice each year.

Results

Status of trials

Enrollment began in June 2010 and finished in June
2013. Of the 788 participants, 98 enrolled in all
three main trials, 348 enrolled in two main trials,
and 341 enrolled in only one main trial. Numbers of
men enrolled in each trial are given in Table 6. We
expect treatment will be completed by June 2014.

Lessons learned

Initial recruitment techniques included mass mail-
ings, radio and television advertisements, and pre-
sentations about the trials to physicians and seniors.
After a year, we found that most enrollees came from
mass mailings, so subsequently, we employed this
method primarily.

The screening process was conducted in three
steps (Figure 2). Of approximately 64 men who
expressed interest, only one enrolled. This attrition
was the result of many entry criteria, especially the
serum testosterone criterion (see above). By the
initial criterion, only 7.8% of screenees qualified. By
the relaxed criterion, 14.0% qualified.

Discussion

Many factors influenced the design of The Testoster-
one Trials. When selecting participants, the most
important inclusion criterion was the serum testos-
terone concentration, because the goal of the study
was to determine if raising the testosterone levels of

Table 4. Minimum detectable treatment differences for primary outcomes and targeted sample sizes per arm for each trial

Trial Measure for primary outcome Treatment difference,

minimum detectable

Target sample size per arm

Physical Function Increase in distance walked in 6 min . 50 m 15% 175

Sexual Function Activity on question 4 of UCLA Sexual Function Diary 0.75 points 131

Vitality Increase in FACIT-Fatigue Scale by �4 points 15% 200

Cognitive Function Delayed paragraph recall by WMS-Rb 3 points 235

Anemia Hemoglobin 1.0 g/dL 58

Cardiovascular Noncalcified coronary artery plaque

volume by computed tomographic angiography

13 mm3 60

Bone vBMDc of lumbar spine by quantitative CT 9% 86

FACIT: Functional Assessment of Chronic Illness Therapy; WMS-R: Wechsler Memory Scale–Revised; vBMD: volumetric bone mineral density; CT: computed

tomography.
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elderly men with unequivocally low testosterone
would benefit them. In calculating the required
sample size for each of the seven trials, the most
important decision was to set the power at 90% for
all three of the main trials and for three of four
remaining trials so that both positive and negative
outcomes would be assessed with a high level of pre-
cision and thus have important implications for
clinical practice. In choosing specific outcomes, we
aimed for those that were clinically relevant. We
also chose differences between treatment arms that
would be clinically meaningful.

Perhaps the most unusual aspect of the study
design was conducting seven trials, each with its
own outcomes, under the umbrella of a single study.
This structure had several advantages. The major
scientific advantage was standardization of common
entry criteria (e.g., testosterone concentration), treat-
ment, and monitoring. Because of this standardiza-
tion, findings from the seven trials can be compared
with each other more readily. The logistical and
financial advantages of this design were having one
governing structure, one data coordinating center,
one group of clinical trial sites, and one set of sup-
porting teams. There was an even larger financial
advantage by enrolling participants in more than

one trial whenever eligible, since approximately half
of the study cost was for recruitment.

Allowing participants to enroll in more than one
trial also had a disadvantage. Although qualified par-
ticipants could participate in all three main trials, as
well as the Cardiovascular and Bone Trials, the num-
ber of tests that could be done in any one trial had
to be limited to reduce participant burden.

A limitation of these trials is that the total number
of subjects (789) is not nearly large enough, nor
the duration of observation (2 years) long enough,
to determine if testosterone treatment increases
the risk of conditions that may be testosterone-
dependent. We estimated that it would take 6000
men randomized to testosterone or placebo and fol-
lowed for 6 years to determine if testosterone
increases the risk of prostate cancer by 30%.

The Testosterone Trials, in summary, are a highly
coordinated group of seven randomized, placebo-
controlled, multicenter trials designed to determine
if testosterone treatment will benefit elderly men
with low serum testosterone concentrations and
conditions for which low testosterone may be a
cause or a contributor. The advantages of the study
design included common entry criteria, treatment,
and monitoring; the efficiency of having the same

Figure 2. The stepwise screening process of The Testosterone Trials from the telephone screen to enrollment.
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steering committee, data coordinating center, Data
and Safety Monitoring Board, and trial sites; and the
efficiency of participant enrollment in more than
one trial. If these trials demonstrate sufficient bene-
fits, a larger trial of longer duration will be necessary
to assess safety.
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