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The deluge of advertisements market-
ing erectile dysfunction medications and
testosterone products has empowered
many older men to seek medical help for
their sexual and genitourinary problems.
As a reflection of this historical transi-
tion toward increased attention on men’s
sexual health, men’s health clinics have
sprung up across the United States; con-
comitantly, testosterone prescription
sales increased from about $100 million
US dollars in the year 2000 to nearly $2.7
billion in 2013.

Today, a majority of testosterone
prescriptions are written for men aged
40-64 years (1) even though testosterone
is not approved by the US Food and Drug
Administration (FDA) for age-related
decline in testosterone. Citing the lack of
data on long-term benefits and risks of tes-
tosterone treatment in older men with age-
related decline, the FDA has sounded
alarm over the growing off-label use of
testosterone (2). Experts have debated
whether prescribing testosterone to old-
er men with testosterone deficiency is
disease mongering or whether subsets of
older men with testosterone deficiency
might benefit from testosterone treat-
ment. Fortunately, several recent random-
ized controlled trials (RCTs) have provided
important information on the efficacy and
short-term safety of testosterone treat-
ment in older men (3-9). This Viewpoint
synthesizes data from epidemiologic stud-
ies and RCTs and offers a perspective on
a patient-centric approach to treatment

decision in older men with testosterone
deficiency based on an individualized
assessment of benefits and risks.

Epidemiological evidence
Testosterone levels decline gradually with
advancing age after peaking in the second
and third decades of life (10, 11). Genetic
factors, adiposity, and comorbid condi-
tions affect the trajectory of age-related
decline in testosterone levels (10, 12, 13).
Seven percent to 14% of community-dwell-
ing middle-aged and older men have low
morning fasting total testosterone below
250 ng/dL (10, 11). The proportion of
men who have low testosterone as well as
sexual symptoms increases from 0.1% in
men aged 40 to 49 years to 5.1% among
those 70 to 79 years old (10). The majori-
ty of middle-aged and older men with low
testosterone has low or inappropriately
normal luteinizing hormone (LH) levels
(secondary hypogonadism) and a smaller
fraction has elevated LH (primary hypogo-
nadism). Secondary hypogonadism is typi-
cally associated with obesity and comorbid
conditions, while primary hypogonadism is
more robustly associated with age (13).
Low testosterone levels in men are
associated with low sexual desire and
erectile dysfunction (ED); reduced skeletal
muscle mass and strength, and impaired
physical function; decreased bone mineral
density (BMD); and increased risk of oste-
oporotic fractures. Measured and geneti-
cally determined estradiol levels in Men-
delian randomization studies are more
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strongly associated with BMD and fracture
risk than testosterone levels (14).

Low testosterone as well as sex hor-
mone-binding globulin (SHBG) levels
are each independently associated with
increased risk of type 2 diabetes mellitus
(T2DM) (12). In Mendelian randomization
studies, higher testosterone level reduces
the risk of T2DM in men but increases the
risk of T2DM in women (12). Low testos-
terone levels are associated with shorter
telomere length and increased all-cause
mortality (15, 16). Low testosterone level
may be a marker of poor health.

Placebo-controlled trials

Among the small number of RCTs of the
effects of testosterone in older men (3-9),
the Testosterone Trials (the TTrials), a set
of seven coordinated placebo-controlled
trials, provided the most comprehensive
evaluation of the efficacy of raising testos-
terone levels in older men (age 65 or old-
er) who had an average of two-morning,
fasting testosterone levels below 275 ng/
dL plus one or more conditions associated
with low testosterone (low libido, mobil-
ity limitation, and fatigue). The TTrials
and other RCTs found that testosterone
treatment of men with low libido signifi-
cantly improves overall sexual activity,
sexual desire, and erectile function (4, 5,
8). Testosterone treatment increases spon-
taneous sexual thoughts, attentiveness
to erotic cues, duration and frequency of
nocturnal penile erections, and ejaculate
volume. Testosterone treatment does not
improve sexual function in men with nor-
mal testosterone level who do not have
sexual symptoms (6) or ejaculatory func-
tion in men with ejaculatory disorder and
low testosterone level. In men with ED and
low testosterone levels, treatment with
phosphodiesterase 5 inhibitors is associat-
ed with substantial improvement in erec-
tile function and the addition of testos-
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Insufficient data or inconclusive evidence of efficacy ~ Male pattern balding (familial)
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:
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Figure 1. An evidence-based, individualized approach to testosterone therapy in older men with testosterone deficiency. The decision to offer testoster-
one treatment to older men with low testosterone levels should be guided by an individualized assessment of potential benefits and risks. Testosterone
deficiency needs to be evaluated using reliable assays for the measurement of total and free testosterone levels. Patients should also be evaluated for
conditions that are likely to respond to testosterone replacement therapy (TRT) as well as conditions that could be adversely impacted, such as prostate
cancer, erythrocytosis, heart failure, or a hypercoagulable state. It is important to consider each patient’s burden of symptoms, individual preferences, and
risk tolerance against the uncertainty of long-term benefits and risks, the burden and risks of monitoring, and the cost.

terone does not further improve erectile
function compared with placebo (17).

Testosterone treatment dose-depend-
ently increases skeletal muscle mass, max-
imal voluntary muscle strength, and leg
power, and modestly improves stair climb-
ing power, 6-minute walking distance
(6MWD), and self-reported mobility (18,
19). In the TTrials (4), testosterone-treated
men were more likely to report that their
walking ability had improved, suggest-
ing that these modest improvements in
6MWD may be clinically meaningful.
Testosterone administration also modest-
ly improves aerobic capacity and attenu-
ates the age-related decline in peak oxy-
gen uptake (VO, ). Resistance exercise
training augments the anabolic effects of
androgens on muscle mass and strength.

Testosterone modestly improves
depressive symptoms in hypogonadal
men who do not have a depressive disor-
der (4, 20). In men with major depressive
disorder (20), testosterone treatment,
administered alone or along with anti-
depressant pharmacotherapy, has not
been found to improve depression. Small
RCTs suggest that testosterone therapy
can improve depressive symptoms in men
with late-life persistent depressive disor-
der (dysthymia) (20).

In young hypogonadal men, testoster-
one treatment improves areal as well as
volumetric BMD, trabecular architecture,
and estimated bone strength. In the TTri-
als, testosterone treatment of older hypo-
gonadal men increased volumetric BMD
and estimated bone strength in the hip and
spine more than placebo (21). None of the
testosterone trials has been sufficiently
long or large to determine its effect on frac-
ture risk. Testosterone might also reduce
fall propensity because of its effects on
muscle strength and reaction time.

The RCTs of the effects of testoster-
one on cognitive function are limited and
equivocal. Some studies reported improve-
ments in verbal memory and visuospatial
skill while others found no effect. In gen-
eral, testosterone treatment of older hypo-
gonadal men without cognitive deficit has
not improved cognitive function (22, 23). A
few short-term studies in men with Alzhei-
mer’s disease (AD) have reported modest
improvements in verbal and spatial mem-
ory with testosterone treatment but small
sample sizes, short intervention durations,
and inclusion of men with normal testos-
terone and without confirmed AD limit
their interpretability.

Testosterone administration reduces
whole-body and visceral fat mass. Some

trials have reported greater improve-
ment in measures of insulin resistance
with testosterone treatment of men
with T2DM or metabolic syndrome than
placebo (7), but testosterone treatment
has not consistently improved glycemic
control. The results of a large RCT in
men with impaired glucose tolerance or
T2DM (T4DM Trial) suggest that testos-
terone treatment administered in con-
junction with a lifestyle program is more
efficacious than the lifestyle program
alone in reducing the proportion of men
with T2DM (24).

Testosterone treatment of older men
increases circulating erythrocytes, plate-
lets, neutrophils, and monocytes. Tes-
tosterone treatment is more efficacious
than placebo in correcting unexplained
anemia of aging. Testosterone stimulates
erythropoiesis by suppressing hepcidin
transcription and increasing iron avail-
ability. Additionally, testosterone acts on
hematopoietic progenitors to increase
the numbers of myeloid progenitors, and
stimulates erythropoietin. In spite of the
increase in hemoglobin, 2,3-bisphospho-
glycerate (BPG), muscle capillarity and
blood flow, and mitochondrial biogene-
sis, testosterone has not been shown to
improve fatigue (3).
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Potential risks of testosterone
treatment

Testosterone treatment of older hypo-
gonadal men is associated with a low
frequency of adverse events (4-9). The
adverse effects of testosterone treatment
include acne, erythrocytosis, growth of
metastatic prostate cancer, reduced sperm
production, and increased risk of detect-
ing subclinical prostate cancer (ref. 1 and
Figure 1). Erythrocytosis is the most fre-
quent adverse event associated with tes-
tosterone treatment. Testosterone treat-
ment does not worsen lower urinary tract
symptoms or obstructive sleep apnea. No
adequately powered trial of sufficient-
ly long duration has been conducted to
determine the effects of testosterone
on the risk of prostate cancer or major
adverse cardiovascular events (MACE).
Retrospective analyses of electronic med-
ical records and meta-analyses of RCTs
have yielded inconclusive results. No con-
sistent relationship exists between testos-
terone levels and prostate cancer risk, and
the rates of prostate cancer in the carefully
selected men who were included in RCTs
have been low. A Mendelian randomiza-
tion analysis found that genetically deter-
mined testosterone level is associated with
increased risk of prostate cancer (12); con-
versely, men with Klinefelter syndrome
have decreased prostate cancer risk.
These data suggest that long-term testos-
terone exposure could increase the risk of
prostate cancer. An ongoing large cardio-
vascular safety RCT (TRAVERSE Trial,
NCT03518034) in hypogonadal men, age
45-80 years, at increased cardiovascular
risk, will provide definitive information on
the effects of long-term testosterone treat-
ment on MACE and other efficacy and
safety outcomes.

An individualized approach to
treatment decision

Testosterone treatment of older men
with symptomatic testosterone deficien-
cy offers some clinical benefits (e.g.,
improvement of sexual symptoms in men
with low libido, correction of anemia)
and is associated with low frequency of
adverse events. However, because of the
lack of evidence of long-term safety and
limited evidence of long-term efficacy,
testosterone treatment of all older men
with low testosterone levels is not justified.
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Instead, an expert panel of the Endocrine
Society recommended that “testosterone
therapy should be offered on an individu-
alized basis ... in men >65 years who have
symptoms or conditions suggestive of tes-
tosterone deficiency (e.g., low libido or
unexplained anemia) and consistently low
testosterone” (25).

The decision to offer testosterone
treatment to older men with low testoster-
one levels should be guided by an individ-
ualized assessment of potential benefits
and risks (Figure 1): (a) evaluate whether
the patient has clear evidence of testos-
terone deficiency; (b) weigh the burden of
symptoms/conditions against the poten-
tial benefits and the uncertainty of long-
term harm; and (c) ascertain whether the
patient has conditions, such as prostate
cancer, erythrocytosis, heart failure, or a
hypercoagulable state that would increase
the risk of harm.

Older men considering testosterone
treatment should undergo evaluation
for prostate cancer risk. Prostate can-
cer screening and monitoring has some
risks. The burden of symptoms, patient
preferences, and risk tolerance should be
weighed against the uncertainty of ben-
efits and risks, the burden and risks of
monitoring, and the cost. Finally, a shared
decision to initiate testosterone treatment
should be accompanied by a standardized
monitoring plan to optimize the bene-
fit-to-risk ratio.
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