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Abstract

The Testosterone Trials (TTrials) were a coordinated set of seven placebo-controlled, double-blind
trials in 788 men with a mean age of 72 years to determine the efficacy of increasing the
testosterone levels of older men with low testosterone. Testosterone treatment increased the median
testosterone level from unequivocally low at baseline to midnormal for young men after 3 months
and maintained that level until month 12. In the Sexual Function Trial, testosterone increased sexual
activity, sexual desire, and erectile function. In the Physical Function Trial, testosterone did not
increase the distance walked in 6 minutes in men whose walk speed was slow; however, in all TTrial
participants, testosterone did increase the distance walked. In the Vitality Trial, testosterone did not
increase energy but slightly improved mood and depressive symptoms. In the Cognitive Function
Trial, testosterone did not improve cognitive function. In the Anemia Trial, testosterone increased
hemoglobin in both men who had anemia of a known cause and in men with unexplained anemia. In
the Bone Trial, testosterone increased volumetric bone mineral density and the estimated strength of
the spine and hip. In the Cardiovascular Trial, testosterone increased the coronary artery
noncalcified plaque volume as assessed using computed tomographic angiography. Although
testosterone was not associated with more cardiovascular or prostate adverse events than placebo, a
trial of a much larger number of men for a much longer period would be necessary to determine
whether testosterone increases cardiovascular or prostate risk.

Essential Points

e Testosterone treatment of 1 year for older men with low testosterone improved all
aspects of sexual function
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e Testosterone treatment of 1 year for older men with low testosterone improved walking
distance by a small amount

e Testosterone treatment of 1 year for older men with low testosterone did not improve
vitality but slightly improved mood and depressive symptoms

e Testosterone treatment of 1 year for older men with low testosterone improved
hemoglobin and corrected mild to moderate anemia

e Testosterone treatment of 1 year for older men with low testosterone markedly increased
the volumetric bone mineral density and estimated bone strength

e Testosterone treatment of 1 year for older men with low testosterone increased the
coronary artery plaque volume

e Testosterone treatment of 1 year for older men with low testosterone was not associated
with more cardiovascular or prostate adverse events; however, the number of men and
the duration of treatment were not sufficient to draw definitive conclusions about the
risks of this treatment

Previous studies of the effect of testosterone treatment in older men who had low testosterone were
based on the observations that as men age their serum testosterone levels decrease and on the
parallels in men between the consequences of aging and those of frank hypogonadism. Both cross-
sectional and longitudinal studies have demonstrated that as men age from the third to ninth
decades, their testosterone levels decrease (1-3). The decrease is gradual, is modest compared with
the decrease in estradiol with menopause in women, varies from man to man, and is associated with
comorbid conditions (1, 4). The parallels between aging in men and frank hypogonadism due to
known pituitary or testicular disease include decreased energy, decreased sexual function, decreased
muscle mass and increased fat mass, decreased bone density and an increased incidence of fractures,
and decreased hemoglobin. Furthermore, testosterone treatment of men with severe hypogonadism
due to recognized pituitary or testicular disease or due to gonadotropin-releasing hormone analog
treatment show marked increases in sexual function, energy, and muscle mass (although variably in
strength), decrease in fat mass, and increases in bone mineral density and hemoglobin (5-7).

Previous Studies of the Effects of Testosterone in Older Men

The results of previous studies of the effects of testosterone in older men were tantalizing but
equivocal. Some of the results were negative, possibly because the men selected had testosterone
levels that were only low-normal and not unequivocally low or the testosterone treatment did not
raise the serum testosterone sufficiently. Some of the results were positive, possibly because those
trials used supraphysiological doses of testosterone. Others were positive, but the primary outcomes
were surrogates and not, of themselves, of clinical importance. In one placebo-controlled trial of
108 older men, testosterone treatment for 3 years was not associated with an increase in bone
mineral density or increased muscle strength; however, the participants had a mean pretreatment
testosterone level that was only low-normal (8, 9). In another trial, testosterone treatment increased
both muscle strength and bone mineral density, but the dose used was supraphysiological (10, 11).
In two trials reported while the Testosterone Trials (TTrials) were in progress, testosterone
treatment of moderately frail older men improved muscle strength but did not clearly or consistently
improve physical performance (12, 13).



Institute of Medicine Report of 2003

In 2002, the National Institute on Aging (NIA) and the National Cancer Institute requested that the
Institute of Medicine (IOM) (now the National Academy of Medicine) assess the status of clinical
research on testosterone therapy for older men. In 2003, the IOM committee concluded that the
evidence that testosterone treatment for older men with low testosterone was beneficial was
insufficient and recommended that the NIA fund a coordinated set of clinical trials to determine
whether this treatment has any benefits and to fund a larger trial to determine the possible risks only
if benefits were found (14). The NIA followed this advice and supported the development of the
TTrials to implement the IOM recommendation.

Development of TTrials—Overall Considerations

We developed TTrials during intensive discussions for 6 years based on our experience in the many
scientific areas to be studied and clinical trial design and analysis under the guidance of the NIA.
The eventual design and the rationale have been described previously (15). Our goal was to
implement the recommendation of the IOM by selecting older men who had unequivocally low
testosterone concentrations compared with young men and symptoms consistent with low
testosterone levels, treating them with testosterone or placebo, and determining the efficacy in
several postulated areas. We decided to include men aged >65 years who had unequivocally low
testosterone levels compared with young men. The initial target was <250 ng/dL; however, when
initial screening showed that this value was too stringent to accrue participants at an acceptable rate,
we chose the mean of two morning values, <275 ng/dL. To allow the results to be widely applicable
to older men with low testosterone, we included men with comorbid conditions, unless those
conditions might have exposed the men to excessive risk. Thus, we excluded men with a history of
prostate cancer and those whose risk, using the prostate cancer risk calculator (16), of any prostate
cancer was >35% and that of high-grade prostate cancer was >7%. We also excluded men whose
lower urinary tract symptoms were moderately severe, as judged by an International Prostate
Symptom Score >19. We also excluded men with any cancer and those with severe cardiac, renal,
or hepatic disease.

We designed a placebo-controlled, double-blind trial. The enrollees were allocated to treatment
using the technique of minimization (17), which allows for balancing for a greater number of
baseline variables than does randomization with stratification. The balancing variables included
participation in the three main trials, trial site, screening testosterone level (<200 or >200 ng/dL),
age (<75 or >75 years, use or nonuse of antidepressants, and use or nonuse of phosphodiesterase
type 5 inhibitors. The testosterone preparation was AndroGel 1% (AbbVie, Chicago, IL). The
placebo gel was similar in appearance, consistency, and aroma. The initial dose of AndroGel, 5 g
daily, was adjusted, according to the serum testosterone concentrations, at months 1, 2, 3, 6, and 9,
to keep the serum testosterone concentration within the normal range for young men. To maintain
blinding when the dose was adjusted for a participant taking testosterone, the dose was also adjusted
in a participant taking placebo.



To qualify for enrollment, a potential participant had to meet the general inclusion and exclusion
criteria as stated and also specific entry criteria for at least one of the three main trials: Sexual
Function, Physical Function, and Vitality. Those who qualified for one of these could participate in
as many of the other two main trials and three other trials (Anemia, Bone, and Cardiovascular) for
which he qualified. All participants were tested for cognitive function. The primary outcomes for
the three main trials were chosen to be of clinical relevance. The sample sizes for these three trials
were set such that each trial would have 90% power to detect a magnitude of difference deemed
clinically meaningful for the primary outcome. The analyses were performed by the intention-to-
treat approach for all men who had at least one postbaseline result. The treatment and assessments
continued for 1 year.

Recruitment, Screening, and Enrollment

Potential participants were recruited at each of 12 US sites. Most sites recruited primarily by mass
mailings to nearby postal codes; some sites used additional methods, including newspaper and radio
advertisements (18). In response to the recruiting materials, 51,085 men called a trial site and were
screened by telephone. The men who had no symptoms of low testosterone or had disqualifying
medical conditions were excluded (Fig. 1). Of the initial responders, 23,889 qualified for and
attended the first in-person screening visit, at which fasting blood samples were taken at 8 to 10 am
for testosterone and prostate-specific antigen (PSA) levels. Approximately 10% of these men (2261)
had a low enough testosterone (<275 ng/dL) level and low enough risk of prostate cancer (<35%
risk of any prostate cancer and <7% risk of high-grade prostate cancer) to qualify for and attend the
second in-person screening visit. At that visit, blood samples were again taken at 8 to 10 am for a
second testosterone determination, and the participants were screened for entry into one of the three
main trials. A total of 788 men qualified for and were enrolled in the TTrials (790 men were
randomized, but 2 were randomized in error).

Some important characteristics at baseline of the 788 men enrolled are listed in Table 1. Their mean
age was 72 years, and they were predominantly white and overweight or obese. Many had comorbid
conditions, including hypertension and diabetes. The median baseline serum testosterone
concentration was unequivocally low at 234 ng/dL (Fig. 2). The median baseline serum
concentrations of free testosterone and estradiol were also low.

Lessons from screening

Although only 1.5% of men who expressed interest in the TTrials qualified and enrolled, all the
TTrials met their enrollment targets, and the median testosterone concentration was unequivocally
low, demonstrating that it is possible to recruit older men with low testosterone levels for a clinical
trial. The major reason for exclusion was an insufficiently low testosterone level. Only 21.4% of the
men had a sufficiently low value at the first screening visit, and only 68.9% of those whose values
were low enough at the first screening visit had a low enough value at the second screening visit;
thus, only 14.7% of men had sufficiently low values at both visits.

Overall Results During Treatment
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Results

Of the 788 enrollees, 89% completed 12 months of treatment and evaluations for efficacy; larger
numbers completed intermediate visits (19). Somewhat more men in the placebo group (n = 48)
withdrew before month 12 compared with the men in the testosterone group (n = 35). The median
serum testosterone concentration of the men treated with testosterone increased from unequivocally
low at baseline to midnormal for young men by month 3 and remained at that level during the 12
months of treatment (Fig. 2). Of the 394 men in the testosterone arm, 301 required 504 adjustments
of the dose at months 3, 6, and/or 9 to maintain the testosterone level within the target range. The
serum concentrations of free testosterone, dihydrotestosterone, and estradiol also increased to
midnormal for young men (Fig. 2). The levels of these hormones did not change in the men who
used placebo gel. Of the 788 enrollees, 689 participated in more than one of the three main trials
(18), and many also participated in one or more of the other trials.

Lessons from treatment

Using a testosterone preparation (gel) that was relatively easy to apply and adjusting the dose
according to the serum testosterone levels at months 1, 2, 3, 6, and 9, the serum testosterone
concentration could be maintained within the target range for the duration of treatment. By
adjusting the dose simultaneously for a placebo-treated man as for a testosterone-treated man,
blinding was also maintained.

Sexual Function Trial

Previous studies of the effect of testosterone on sexual function

Testosterone treatment has been shown to improve sexual function in young men who are severely
hypogonadal owing to diseases of the pituitary or testes (5, 20) or because of administration of a
gonadotropin-releasing hormone analog (6, 21). Testosterone treatment has also been shown to
improve sexual function in middle-age men with mildly or moderately low testosterone levels (22).
Previous studies of testosterone treatment of older men, however, did not show clear effects on
sexual function, possibly owing to an insufficiently low testosterone level, too few participants, or
the use of unvalidated instruments.

Specific aims of the Sexual Function Trial

The primary aim of the Sexual Function Trial was to test the hypothesis that testosterone treatment
for older men with low testosterone would improve sexual activity as assessed by question 4 of the
Psychosexual Daily Questionnaire (23). This question assesses 12 types of sexual activity, from
flirting to intercourse (24). Previous studies had shown that sexual activity assessed by this
instrument responded to testosterone. This questionnaire was administered by interactive voice
response daily for 7 days at baseline and at 3, 6, 9, and 12 months. The scores for the 7 days at each
time point were averaged. Question 4 of the Psychosexual Daily Questionnaire was administered to
all men in the TTrials; however, the primary outcome was determined only for the men who were
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enrolled in the Sexual Function Trial. Libido, as assessed by the Derogatis Inventory of Sexual
Function—-Men-II (25), would have been the primary outcome measure; however, the effect of
testosterone on libido using this instrument had not previously been tested. Libido, as assessed by
the Derogatis Inventory of Sexual Function—-Men-II, and erectile function, as assessed by the
International Index of Erectile Function (25), were also evaluated, but only in the men enrolled in
the Sexual Function Trial.

Results of the Sexual Function Trial

Testosterone treatment, compared with placebo, substantially increased sexual activity, averaged
over all follow-up visits, for the men enrolled in this trial and also in all men in the TTrials (Fig. 3)
(19). This effect was seen for most types of sexual activity, from flirting to sexual intercourse (24).
The clinical significance of this effect can be judged from the effect size of 0.45 (19), which is close
to a “moderate” effect of 0.5, and that testosterone increased sexual activity of all types about four
times a week. Testosterone also substantially increased libido and, to a lesser degree, erectile
function (19). The clinical significance of the effect of testosterone on libido can be judged by the
responses to the Patient Global Impression of Change question, in which ~20% of men treated with
testosterone reported that their sexual desire was “much better” than before treatment compared
with <10% of men treated with placebo (19). Incremental increases in total and free testosterone
and estradiol levels were substantially associated with greater improvements in sexual activity and
libido but not erectile function (24).

Lessons from the Sexual Function Trial

Testosterone improved most aspects of sexual function in older men with low testosterone, with the
effect proportional to the increase in testosterone. The greater effects on sexual activity and libido
than on erectile function are consistent with the postulated effects of testosterone and what has been
observed in severely hypogonadal men. These results are also consistent with another placebo-
controlled study for 16 weeks of a different testosterone gel in 751 men with a mean age 55 years
who had low testosterone levels (22).

Physical Function Trial

Previous studies of the effects of testosterone on physical function

Testosterone has long been recognized to stimulate the growth of muscles and increase muscle
strength, resulting in greater muscle development during puberty in men than in women.
Administration of testosterone to older men also increases muscle mass (9, 11, 13) and, in some
studies, increased muscle strength (13). Previous studies of testosterone treatment for older men
with mobility limitations, however, have not demonstrated consistent improvement in gait speed and
other tests of physical function (12, 13).

Specific aims of the Physical Function Trial
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We chose the distance walked in 6 minutes (26) as the primary outcome for the Physical Function
Trial, rather than an outcome based on muscle strength, because of the importance of walking in
maintaining independence as men age. We specifically postulated that testosterone, compared with
placebo, would increase the fraction of men whose walking distance in 6 minutes increased >50 m
beyond the baseline distance for the men who qualified for this trial because they had reported
difficulty walking and/or climbing stairs and because their gait speed was <1.2 m/s. We took great
care to standardize the administration of this test by using a set test course, timing the walk with a
stop watch, and training the site personnel initially and retraining them annually. A secondary
outcome measure was self-reported mobility and function as assessed using the physical function
domain scale of the 36-item Medical Outcomes Short Form Survey (SF-36).

Results of the Physical Function Trial

Testosterone, compared with placebo, did not substantially increase the fraction of men whose
distance walked in 6 minutes increased >50 m beyond that at baseline or the absolute increase in the
distance walked by the 387 men who qualified for this trial (the primary outcome), although the
trend was toward greater increases for the men assigned to testosterone treatment (Fig. 4) (19).
Testosterone, however, did substantially improve these two parameters when the data from all 788
men in the TTrials were analyzed. Also, the improvement was statistically significant for the men
who had not qualified for the Physical Function Trial, demonstrating that this result was not simply
a question of increased power. Importantly, both the men who qualified for the trial and all the men
who were treated with testosterone perceived that their walking had improved more than did the
men treated with placebo, using the physical function domain scale of the SF-36 and a patient
global assessment of change question.

Lessons from the Physical Function Trial

Testosterone increased both the fraction of all TTrials participants whose distance walked increased
>50 m and the absolute increase in distance walked in 6 minutes for all men enrolled in the TTrials
and also led to the perception of improved walking. Thus, we have concluded that testosterone
treatment for older men with low testosterone does improve walking, although to a small degree. We
believe the best explanation for the lack of a statistically significant effect of testosterone on walking
for men with self-reported and objectively measured slow walking was an overall small effect plus
statistical variability.

Vitality Trial

Previous studies of the effects of testosterone on vitality

It has been a common observation of physicians that testosterone treatment for severely
hypogonadal men dramatically improves their energy and initiative. Few previous trials of the effect
of testosterone on the energy of older men with low testosterone, however, used validated
questionnaires.
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Specific aims of the Vitality Trial

We chose the Functional Assessment of Chronic Illness Therapy (FACIT)-Fatigue scale as the
primary outcome measure of the Vitality Trial (27). This questionnaire distinguishes between
energy at one end of the spectrum and fatigue at the other and has been validated for assessing
energy vs fatigue in many different diseases. We enrolled men in the Vitality Trial who said that
their energy had diminished and who had scored below the midpoint of the FACIT-Fatigue scale.

Results of the Vitality Trial

Testosterone, compared with placebo, did not substantially increase vitality, as determined by an
increase of >4 points on the FACIT-Fatigue scale for the 474 men enrolled in this trial (the primary
outcome) (Fig. 5). However, the effect of testosterone on this outcome as a continuous measure was
of borderline significance for the men enrolled in the trial and was statistically significant for all 788
TTrials men. Moreover, the effect of testosterone on vitality (determined using the SF-36 vitality
subscale), mood (determined using the positive and negative affect scales), and depressive
symptoms (determined using the Patient Health Questionnaire-9) was statistically significant. The
magnitude of each of these effects, however, was small.

Lessons from the Vitality Trial

Although testosterone did not improve vitality as assessed by an increase greater than the
prespecified threshold value, it did improve vitality, mood, and depressive symptoms as continuous
measures using several instruments. The magnitude of each of the improvements, however, was
small, perhaps related to the modest degree to which testosterone was low in the participants.

Cognitive Function Trial

Previous studies of the effects of testosterone on cognitive function

Low testosterone levels were associated with cognitive impairment in two epidemiologic studies
(28, 29). Also, in a small trial, testosterone improved spatial and verbal memory in healthy older
men (30).

Specific aims of the Cognitive Function Trial

The goal of the Cognitive Function Trial was to determine whether testosterone treatment of older
men with age-associated memory impairment (AAMI) (31) would improve any aspect of cognitive
function. As the primary outcome, we chose delayed paragraph recall, as determined by the
Wechsler Memory Scale, Revised, Logical Memory II (32), because of the clinical importance of
verbal memory, which declines with age and more rapidly before dementia. To avoid the high cost
of screening for AAMI, we administered all the cognitive function tests to all TTrials participants.
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We then included men considered to have AAMI if they had both subjective memory complaints
assessed by their score on the Memory Assessment Clinics Questionnaire and objective memory
impairment according to the delayed paragraph recall or visual memory scores (33-35).

Results of the Cognitive Function Trial

For the 493 men with AAMI, testosterone treatment, compared with placebo, did not improve
delayed paragraph recall, nor did it improve visual memory, spatial ability, executive function,
subjective memory complaints, global cognitive function, or immediate paragraph recall. For all
788 TTrials men, testosterone marginally improved executive function but did not improve any of
the other measures of cognitive function.

Lessons from the Cognitive Function Trial

We administered tests that covered a wide range of cognitive functions to all men in the TTrials.
However, we found that testosterone did not improve performance for any of them in the men with
AAMI nor for virtually all of them in all men in the TTrials. Thus, we have concluded that
testosterone treatment for older men with low testosterone does not improve cognitive function.

Anemia Trial

Previous studies of the effects of testosterone on erythropoiesis

Testosterone has long been known to stimulate erythropoiesis, which explains why normal men
have higher hemoglobin levels than normal women. Before the availability of erythropoietin,
testosterone was used to treat anemia. In men who were severely hypogonadal because of pituitary
or testicular disease, testosterone replacement increased hemoglobin levels (5). Also, in previous
trials of older men, testosterone treatment increased hemoglobin levels overall (8, 36).

Specific aims of the Anemia Trial

The goal of the Anemia Trial was to determine whether testosterone treatment for older men with
low testosterone compared with young men and unexplained mild anemia (those with a hemoglobin
<10.0 g/dL were excluded) would increase the hemoglobin by >1.0 g/dL and correct the anemia.

Results of the Anemia Trial

Of the 788 men enrolled in the TTrials, 126 were anemic (hemoglobin <12.7 g/dL) at baseline (37).
Of these, 64 were found to have a known cause of the anemia, such as iron, By,, or folate
deficiencies or inflammation. The other 62 were considered to have unexplained anemia of aging. In
the men with unexplained anemia, testosterone treatment, compared with placebo, substantially
increased the hemoglobin concentration by >1.0 g/dL (54% vs 15% of men) and corrected the
anemia (58.3% vs 22.2% of men; Fig. 6). In the men with anemia of known cause, testosterone also
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substantially increased the hemoglobin concentration by >1 g/dL (52% vs 19%) and corrected the
anemia (60% vs 14.8%; Fig. 6). The magnitude of the effect was modest, with a mean increase in
hemoglobin to greater than baseline of 0.8 to 1.1 mg/dL at months 6 to 12. This increase might be
of clinical significance, because the increase was positively and substantially associated with the
patient global impression of change in general health and vitality in these anemic men.

Lessons from the Anemia Trial

Because testosterone has long been known to stimulate erythropoiesis, it was not surprising that
testosterone treatment for older men with low testosterone and a mild degree of anemia (mean
hemoglobin concentration of 12.0 g/dL) improved their hemoglobin and corrected their anemia.
This effect occurred whether the men had, in addition to testosterone deficiency, another known
cause of anemia, such as iron deficiency. This effect shows a clear benefit of testosterone treatment
for elderly men with low testosterone and low hemoglobin concentrations.

Bone Trial

Previous studies of the effect of testosterone on bone

Previous studies of the effect of testosterone on bone in men who were severely hypogonadal
showed marked increases in areal bone mineral density (aBMD) by dual energy x-ray
absorptiometry (3, 38), volumetric bone mineral density (vBMD) by quantitative computed
tomography (QCT) (39), and trabecular architecture and estimated bone strength using magnetic
resonance imaging (40, 41). Previous studies of the effect of testosterone on bone in older men who
had mildly low to low-normal testosterone levels gave mixed results. One study showed no
substantial effect of testosterone on aBMD overall (8); however, the men in that study had mean
baseline testosterone levels that were low-normal and not frankly low. Another study reported a
substantial effect of testosterone on aBMD (10); however, the testosterone doses used were
supraphysiological.

Specific aims of the Bone Trial

The specific aim of the Bone Trial was to determine whether testosterone treatment of older men
with low testosterone would increase vBMD as assessed using QCT. We chose this outcome
because previous studies had shown that testosterone stimulates trabecular bone more than cortical
bone (39). Also, QCT, not only can distinguish trabecular from cortical bone, but also is not subject
to the artifacts of osteophytes and aortic calcification, as is aBMD using dual energy x-ray
absorptiometry. An additional advantage is that bone strength can be estimated from QCT data
using finite element analysis. Osteoporosis was not an entry criterion.

Results of the Bone Trial
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In the 211 men in the Bone Trial, testosterone treatment for 1 year increased vBMD of trabecular
bone in the spine by 6.8% more than did placebo (P < 0.001) and increased the estimated bone
strength of trabecular bone in the spine by 8.5% more than did placebo (P < 0.001; Fig. 7) (42).
Testosterone also substantially increased whole bone vBMD, the strength of the spine and
trabecular and whole bone vBMD, and the strength of the hip. Increases in aBMD were smaller.

Lessons from the Bone Trial

These striking improvements in vBMD and estimated bone strength are consistent with the effects
of testosterone in more severely hypogonadal men and were especially impressive for only 1 year of
treatment. These results are also impressive considering that they are at least as great in magnitude
to the effects of bisphosphonates on vBMD in women with osteoporosis (43, 44), although these
men did not have low aBMD. The effect of testosterone on aBMD was less than that of alendronate
in men with osteoporosis (45, 46). These results give impetus to a much larger and longer trial to
determine whether testosterone also reduces fracture risk in older men with low testosterone.

Cardiovascular Trial

Previous studies of the effects of testosterone on cardiovascular outcomes

Previous studies of the effects of testosterone on clinical cardiovascular outcomes have given
conflicting results. One clinical trial of testosterone in older men with low-normal testosterone
levels and mobility limitations was stopped early because of a preponderance of adverse
cardiovascular events in the testosterone arm (47). However, another trial of a similar population
reported few adverse cardiovascular events (12). Yet another trial showed no difference in the
progression of carotid artery intima-media thickness or coronary artery calcification in men with
low to low-normal testosterone levels treated with testosterone compared with men treated with
placebo for 3 years (48). Meta-analyses of previous clinical trials have not overall shown more
adverse events in testosterone-treated than in placebo-treated men (49). None of these previous
clinical trials, however, was designed to assess clinical cardiovascular events prospectively or to
adjudicate those events. Also, the reliability of the meta-analyses was poor owing to variable entry
criteria and testosterone regimens.

Similarly, some retrospective analyses of electronic medical records have reported associations
between the use of testosterone and adverse cardiovascular adverse events (50, 51) but others have
not (52-54). These studies, by their nature, were uncontrolled for diagnostic criteria, treatment, and
monitoring.

The possibility that testosterone treatment increases the risk of venous thromboembolic disease was
raised by a case-control study that showed an increased risk during the first 6 months of treatment
but not thereafter (55). The Food and Drug Administration, acting on the basis of postmarketing
reports, required manufacturers of testosterone products to include in their labeling a warning that
testosterone might increase the risk of venous thromboembolic disease unrelated to erythrocytosis.
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Specific aims of the Cardiovascular Trial

Knowing that the number of participants in the TTrials would not be nearly sufficient to determine
clinical cardiovascular risk, we decided to test the hypothesis that testosterone would improve a
surrogate outcome, noncalcified coronary artery plaque volume, as determined by computed
tomographic angiography (CTA). This outcome has apparent clinical relevance and good
reproducibility (56), making it desirable for a longitudinal study.

Results of the Cardiovascular Trial

In the 138 men in the Cardiovascular Trial who had undergone CTA at both baseline and 12
months, testosterone treatment was associated with a statistically significant (P < 0.003) greater
increase in noncalcified coronary artery plaque volume (median change from 204 to 232 mm?)
compared with placebo (median change from 317 to 325 mm?; Fig. 8) (57). The men in both groups
at baseline had relatively high rates of obesity, hyperlipidemia, hypertension, diabetes, and
prevalence of atherosclerosis, determined by a coronary artery calcification score >300 Agatston
units. Men in the placebo group at baseline had both higher mean calcification scores and higher
noncalcified coronary artery plaque volume by CTA; however, all analyses were adjusted for
baseline values as continuous variables, which should reduce confounding due to this imbalance.
Several pieces of evidence suggest that the testosterone treatment effect on noncalcified plaque
volume was not likely the result of the imbalance between the treatment arms at baseline. A linear
regression model showed no suggestion of an association between the baseline plaque volume and
the change from baseline to month 12 (P = 0.9). A scatterplot of the change in coronary artery
noncalcified plaque volume against the baseline volume at month 12, which would have shown any
type of association, linear or nonlinear, was not indicative of an association. Finally, testosterone
had an effect in men whose baseline plaque volume was less than the median that was similar to that
in the men whose baseline plaque volume was greater than the median, consistent with the overall
effect.

Lessons from the Cardiovascular Trial

The increase in the noncalcified plaque volume in the men treated with testosterone compared with
the men treated with placebo is concerning, because any decrease in the coronary artery lumen
could be considered deleterious. Whether this effect on the surrogate outcome of plaque volume
also increases clinical cardiovascular risk can be determined only by a larger and longer trial.

Adverse Events

Adverse events in previous testosterone trials

In addition to the potential of testosterone to increase the risk of cardiovascular adverse events,
testosterone has been postulated to have the potential to increase the risk of prostate adverse events
and erythrocytosis. The risks of both adverse events have their basis in the physiological effects of
testosterone. The normal functioning of the prostate gland is dependent on testosterone, and
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administration of testosterone to hypogonadal men has been well documented to increase the serum
levels of PSA. Of greater concern, androgen receptor signaling plays an important role in
stimulating the growth of metastatic prostate cancer (58), leading to the use of treatments of
metastatic prostate cancer aimed at lowering testosterone to castrate levels and/or antagonizing the
action of testosterone (59). Meta-analyses of previous testosterone trials, however, did not show that
testosterone treatment increases the risk of prostate cancer (60, 61).

The stimulatory effects of testosterone on erythropoiesis are also well known, as illustrated by
higher hemoglobin levels in normal men than in normal women. In clinical practice, erythrocytosis
is a well-recognized side effect of testosterone treatment, and in previous clinical trials,
erythrocytosis occurred much more commonly in testosterone-treated than in placebo-treated men
(60).

Goals of the TTrials for adverse events

Although 1 year of treatment to not quite 800 participants did not allow for definitive conclusions
regarding the risk of testosterone treatment, we designed the trials to minimize the incidence of
adverse events and to monitor prospectively for the adverse events considered most likely. Thus, we
excluded men who had a moderately high risk of prostate cancer, as judged by the risk of any
prostate cancer of >35% and the risk of high-grade prostate cancer of >7%. We also excluded men
who had moderately severe lower urinary tract symptoms, as judged by an International Prostate
Symptom Score (IPSS) >19. (The IPSS is a questionnaire used to determine the presence of lower
urinary tract symptoms, a possible indication of benign prostatic hyperplasia.) During treatment, we
monitored for the possible development of prostate cancer using digital rectal examinations at 3 and
12 months and PSA measurement at 3, 12, and 18 months. We monitored for the development of
worsening lower urinary tract symptoms by repeating the International Prostate Symptom Score
questionnaire at 3 and 12 months.

We also excluded men whose hemoglobin concentration was >16.0 g/dL and monitored hemoglobin
at months 3, 6, 9, and 12. Men whose values increased to >17.5 g/dLL were evaluated for other
causes of erythropoiesis and had their dose of testosterone lowered.

We further excluded men who had experienced a myocardial infarction or stroke within 3 months
and had a blood pressure of >160 mm Hg systolic or 100 mm Hg diastolic. At each visit, a
cardiovascular event questionnaire was administered to each participant. All cardiovascular events
were adjudicated.

Results of monitoring for adverse events

The 27 men who had a confirmed increase in PSA greater than the trigger value during the 1 year of
treatment and the 11 men during the year after treatment were referred for urologic evaluation.
However, only 3 men each underwent prostate biopsies during the first year of treatment and during
the year after treatment. Prostate cancer was diagnosed in one man in the testosterone arm during
the year of treatment and in two men in the testosterone arm and one in the placebo arm during the
year after treatment.The IPSS increased during treatment to >19 in 27 men treated with testosterone



and 26 men treated with placebo (Table 2). In addition, seven men treated with testosterone, but
none treated with placebo, developed erythrocytosis (Table 2). Also, seven men in each treatment
arm developed major adverse cardiovascular events; five of the seven in each arm had experienced
previous cardiovascular events. Other adverse cardiovascular events were also similar in the two
treatment arms.

Lessons about adverse events

Testosterone treatment was not associated with substantially more diagnoses of prostate cancer
compared with placebo. This result might have been influenced by the relatively small number of
prostate biopsies, although a much larger number of men were referred for consideration of biopsy
because of an increase in PSA. The low percentage of men who underwent biopsy likely reflects the
judgment of the site urologists. Only a trial enrolling a much larger number of older men with low
testosterone who are then treated and followed up for a much longer period would be able to
determine whether testosterone treatment increases the risk of prostate cancer and lower urinary
tract symptoms.

Testosterone treatment was also not associated with more men who experienced major adverse
cardiovascular events. Just as with prostate adverse events, a trial enrolling many more older men
with low testosterone who are followed up for much longer will be able to determine whether
testosterone treatment increases cardiovascular risk.

The TTrials results have confirmed that testosterone treatment increases the risk of erythrocytosis,
although the relatively low incidence compared with that in previous trials suggests that careful
monitoring of the hemoglobin concentration and reduction of the dose of testosterone when
appropriate will minimize this risk.

Study Limitations

The major limitation of these trials, although by intent, was that the results apply only to men aged
>65 years with confirmed testosterone concentrations <275 ng/dL. They do not apply to men with
the same symptoms (e.g., decreased libido) or associated findings (e.g., anemia) but with normal
testosterone levels. Another limitation was that the duration of treatment was only 1 year; thus, we
could not be sure that the efficacy demonstrated during 1 year of treatment would persist if the
treatment had been continued for >1 year.

Summary of Lessons

The TTrials were seven, coordinated, placebo-controlled trials that evaluated the efficacy of
testosterone treatment for 1 year in 788 older men with low testosterone compared with young men.
To the best of our knowledge, they were the first trials of testosterone treatment for older men to
enroll men who were unequivocally hypogonadal and in sufficient numbers to provide high power to
detect meaningful differences in the efficacy outcomes. Thus, the negative results are reliable in
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excluding moderate effects. Treatment increased the testosterone levels to midnormal for young
men; however, regular monitoring of testosterone levels and adjustment of the testosterone dose was
necessary to maintain those levels.

The major efficacy results of the seven TTrials are summarized in Tables 3 and 4. Testosterone
treatment improved most aspects of sexual function to a moderate degree. Testosterone also
improved the walking distance in all men, but only by a small amount, and improved mood and
depressive symptoms to a small degree. For the men who were mildly anemic, testosterone
corrected the anemia in the men with unexplained anemia and also in the men who had another,
identifiable cause. Testosterone increased the surrogate measure of volumetric bone mineral density
and estimated bone strength to similar degrees as standard treatments of osteoporosis. Testosterone
did not improve any measure of cognitive function.

Testosterone treatment caused erythrocytosis in a small number of men. Prostate cancer was
diagnosed in only one man during treatment, and the numbers of men who developed moderately
severe lower urinary tract symptoms were similar in the two treatment arms. Testosterone treatment
was associated with a greater increase than placebo in the volume of noncalcified coronary artery
plaque; however, the trial was not large enough to evaluate its effect on major adverse
cardiovascular events.

A trial of a much larger number of men treated for a much longer time is necessary to determine
whether testosterone treatment for older men with low testosterone increases the risk of major
adverse cardiovascular events, lower urinary tract symptoms, and prostate cancer and decreases the
risk of osteoporotic fractures. Such a trial would likely also cost much more than the approximately
$50 million of the TTrials.

Decisions about treatment depend on the balance between benefits and risks. The results of the
TTrials have demonstrated that increasing the testosterone levels in older men with low testosterone
to those of young men has clear, although modest, benefits. If a trial of a much larger number of
men followed up for a much longer period quantitates the risks of this treatment, the benefits the
TTrials have demonstrated should greatly influence the decisions of physicians regarding whether to
prescribe testosterone to older men with low testosterone compared with young men.
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AAMI age-associated memory impairment

aBMD areal bone mineral density

CTA computed tomographic angiography

FACIT Functional Assessment of Chronic Illness Therapy (range, O to 52)

IOM Institute of Medicine

NIA National Institute on Aging

PSA prostate-specific antigen

QCT quantitative computed tomography

TTrials Testosterone Trials

vBMD volumetric bone mineral density
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Figures and Tables

Figure 1.

Modified CONSORT (Consolidated Standards of Reporting Trials) diagram of participants in TTrials showing the flow of
men from initial screening through enrollment, treatment, and completion of the trial. IPSS, International Prostate

Symptom Score.

Table 1.

Characteristics of Men Enrolled in Testosterone Trials at Baseline

Characteristics Treatment Group

Placebo Testosterone

Participants, n 395 395

Demographic data

Age,y 723 +£5.8 72157
Race, n
White 351(88.9) 349 (88.4)
Black 20 (5.1) 21(5.3)
Other (%) 24 (6.1) 25 (6.3)

Concomitant conditions

BMI (kg/m?) 310+3.6 31.0+35
BMI >30, n (%) 246 (62.3) 251 (63.5)
Alcohol use, drinks/wk 34+5.0 3.0+43
Smoking

Current smoker, n 34 (8.6) 30 (7.6)
Ever smoker, n 268 (67.9) 256 (64.8)
Diabetes, n 144 (36.5)  148(37.5)
Hypertension, n 280 (70.9) 286 (72.4)

History of myocardial infarction,n 63 (16.0) 53 (13.4)
History of stroke, n 17 (4.3) 16 (4.1)
Sleep apnea, n 76 (19.2) 78 (19.8)

Abbreviation: BMI, body mass index.

Data in parentheses are percentages.



Figure 2.

Serum concentrations of testosterone, free testosterone, and estradiol at baseline and during 12 months of treatment with
testosterone or placebo. The shaded areas represent the ranges of normal for young men. Values presented as median +

interquartile range. Adapted, with permission, from Snyder et al. (19).

Figure 3.

Effect of testosterone on sexual activity. Change from baseline in sexual activity, as assessed by the Psychosexual Daily
Questionnaire, question 4, in (left) men taking testosterone or placebo and enrolled in the Sexual Function Trial and (right)

all men enrolled in the TTrials. Data presented as means and 95% confidence intervals.

Figure 4.

Effect of testosterone on walking distance. Graphs showing percentage of (left) men taking testosterone or placebo and
enrolled in the Physical Function Trial and (right) all men enrolled in TTrials whose distance walked in 6 minutes

increased by >50 m greater than the baseline. Data presented as means and 95% confidence intervals.

Figure 5.

Effect of testosterone on vitality and fatigue. Graphs showing percentage of (left) men taking testosterone or placebo and
enrolled in the Vitality Trial and (right) all men enrolled in TTrials whose score on the FACIT-fatigue scale increased by

>4 points greater than baseline. Data presented as means and 95% confidence intervals.

Figure 6.

Effect of testosterone on anemia. Men (top) who were anemic at baseline for no known reason (unexplained) or (bottom)
who had a known cause were treated with testosterone or placebo. (Left) The percentage of men who experienced an
increase in hemoglobin of >1.0 g/dL. (Right) Absolute increases in hemoglobin. Data presented as means + pointwise

confidence intervals. Adapted, with permission, from Roy et al. (37).



Figure 7.

Change from baseline to 12 months in (top) vBMD and (bottom) estimated bone strength, as determined by QCT in

trabecular, peripheral, or whole bone of the spine or hip in 211 men treated with testosterone or placebo. Data presented as

mean + standard deviation. Reproduced, with permission, from Snyder et al. (42).

Figure 8.

Change from baseline to 12 months in noncalcified coronary artery plaque volume, as determined by CTA, in 138 men

treated with testosterone or placebo. Data presented as least square mean + 95% confidence intervals.

Table 2.

Adverse Events During 1 Year of Treatment in TTrials

Event Treatment

Placebo Testosterone

Participants, n 394 394

Prostate events, n

PSA increase >1.0 ng/mL 8 23
Prostate cancer 0 1
IPSS >19 26 27
Hemoglobin >17.5 g/dL 0 7

CV events, n

MI (definite/probable) 1 2
Stroke (definite/probable) 5 5
CV death 1 0
Total (MI, stroke, CV death) 7 7

Serious adverse events

Death 7 3
Hospitalization 78 68
Other’ 6 7

Abbreviations: CV, cardiovascular; MI, myocardial infarction.
4CV adverse events were collected by a questionnaire at each visit and from the adverse event log and serious adverse event
report forms; MI, stroke, and CV death were evaluated by two adjudicators.

bCongenital anomaly, disability, or important medical or life-threatening event.



Table 3.

Summary of the Results of the Three Main Testosterone Trials (Sexual Function, Physical Function, and Vitality)

Testosterone Trial Participants Mean Effect P Interpretation of Results
(n) Difference Size’ Value
or OR (95%
Ch’

Sexual Function Trial

Sexual activity, PDQ-Q4 Enrollees in 0.58 (0.38- 0.45 <0.001 Testosterone treatment
score’ Sexual 0.78) (0.30— substantially increased sexual
Function Trial 0.60) activity and libido and, to a
(459) lesser degree, erectile function,
Sexual activity, PDQ-Q4 All TTrials men  0.62 (0.45- 045  <0.001 in both men enrolled in this trial
score (771) 0.79) (0.33- and all TTrials men
0.58)
Sexual desire, DISF-M-II Enrollees in 2.93 (2.13- 0.44 <0.001
score Sexual 3.74) (0.32—
Function Trial 0.56)
(470)
Erectile function, IIEF score Enrollees in 2.64 (1.68— 0.32 <0.001
Sexual 3.61) (0.20—
Function Trial 0.44)
(470)
Physical Function Trial
Walking; men whose walking  Enrollees in 1.42 (0.83- — 0.20  Testosterone treatment did not
distance increased >50 m in 6- Physical 2.45) increase distance walked in 6
min walk test, % Function Trial min by >50 m in men enrolled in
(387) this trial but did do so in all
Walking; men whose walk All TTrials men 1.76 (1.21- — 0.003 TTrials men and also increased
distance increased >50 m in 6- (781) 2.57) men’s perception of their

wwrall-inma~ crva~can t1mn e that

Abbreviations: CI, confidence interval; DISF-M-II, Derogatis Inventory of Sexual Function—-Men-II, sexual desire domain
(range, 0-33); IIEF, International Index of Erectile Function, erectile function domain (range, 0-30); OR, odds ratio;
PANAS, Positive and Negative Affect Scale (range, 5-50); PDQ-Q4, Psychosexual Daily Questionnaire, question 4 (range,
0-12); PF-10, physical function scale of the Medical Outcomes Short Form Health Survey (range, 0—100); PHQ-9, Patient
Health Questionnaire 9 (range, 0-27; higher scores indicate greater degree of depressive symptoms); SF-36, 36-item Short
Form Survey (range, 0—100).

#Treatment effect: for continuous outcomes, the treatment effect was the mean change in men allocated to testosterone
minus the mean change in men allocated to placebo, adjusted for balancing factors: baseline total testosterone level (<200
or >200 ng/dL), age (<75 or >75 years), trial site, participation in the main trials, use or nonuse of antidepressants use or
nonuse of phosphodiesterase type 5 inhibitors, and baseline value of the outcome variable; for binary outcomes, the
adjusted OR was the ratio of the outcome in men allocated to testosterone to the outcome in men allocated to placebo,

adjusted for the same balancing factors.



The effect size for continuous outcomes was calculated from the mean difference divided by the baseline standard
deviation pooled across treatment arms; an effect size of 0.2 is considered a small effect, 0.5 a medium effect, and 0.8 a
large effect.

“The primary outcome of the trial.



Table 4.

Summary of Results of Four Other Testosterone Trials (Cognitive Function, Anemia, Bone, and Cardiovascular)

Testosterone Trial Participants (n) Mean Effect P Interpretation
Difference or  Size' Value
OR’ (95% CI)
Cognitive Function
Trial
Verbal memory; Men with age- -0.07(-0.92 -0.01 0.88  Testosterone treatment did not
delayed paragraph associated memory t0 0.79) (-0.14 change several aspects of cognitive
recall’ impairment (493) to 0.12) function in men who had age-
Verbal memory; All TTrials men  0.09 (-=0.57  0.01 0.0 associated memory impairment
delayed paragraph (785) to 0.75) (=0.09
recall to 0.11)
Visual memory; Men with age- -0.28 (-0.76  —0.09 0.24
Benton visual associated memory to0 0.19) (-0.24
retention test impairment (492) to 0.06)
Spatial ability; card Men with age- -0.12 (-1.89  -0.01 0.89
rotation test associated memory to 1.65) (-0.13
impairment (488) to 0.11)
Executive function; Men with age- -5.51 —0.09 0.14
trail-making test B-A,  associated memory (=1291to (-0.22
s’ impairment (490) 1.88) t0 0.03)
Anemia Trial
Hemoglobin TTrials men with 31.53.7- — 0.002  Testosterone substantially increased
increase from baseline  unexplained anemia 271.8) hemoglobin and corrected mild
>1.0 g/dL, % (62) anemia in both men who had
Hemoglobin, ¢/dL  TTrials men with ~ 0.83 (0.48- 130  <0.001 Unexplained anemia and men who
unexplained anemia 1.39) (0.75—- had anemia of known cause
(62) 2.18)

Abbreviations: CI, confidence interval; CV, cardiovascular.

aTreatment effect: for continuous outcomes, the treatment effect was the mean change in men allocated to testosterone

minus the mean change in men allocated to placebo, adjusted for balancing factors: baseline total testosterone level (<200

or >200 ng/dL), age (<75 or >75 years), trial site, participation in the main trials, use or nonuse of antidepressants use or

nonuse of phosphodiesterase type 5 inhibitors, and baseline value of the outcome variable; for binary outcomes, the

adjusted OR was the ratio of the outcome in men allocated to testosterone to the outcome in men allocated to placebo,

adjusted for the same balancing factors.

PThe effect size for continuous outcomes was calculated from the mean difference divided by the baseline standard

deviation pooled across treatment arms; an effect size of 0.2 is considered a small effect, 0.5 a medium effect, and 0.8 a

large effect.

“The primary outcome of the trial.

dLower scores reflect better function.



