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Background

Both cross-sectional and longitudinal studies
demonstrate a progressive decline in androgen levels
as men age.  When this biochemical decline is
associated with any of a number of clinical symptoms,
the entity has been described as androgen deficiency
in the aging male (ADAM).  Other terms used to
describe this phenomenon include andropause, male

menopause, male climacteric syndrome, and
hypogonadism.  Symptoms associated with this
syndrome include those typically associated with aging
such as osteoporosis, decreased cognitive function and
mood, change in body composition, and declining
libido and sexual function.  Hormone replacement
therapy can improve many of these symptoms, but
therapy is not without risks.  Possible side effects of
testosterone replacement include hepatotoxicity,
alterations in lipid profiles, sleep and mood disorders,
and prostate hyperplasia or cancer.  Therefore,
hormone replacement therapy mandates periodic
evaluation to monitor side effects of the treatment.
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A steady decline in androgen levels occurs in males as
they age.  Evidence suggests that this decline may be at
least partially responsible for a variety of physical and
mental changes associated with the aging process.  For
instance, abnormally low levels of androgens can lead to
profound changes in bone density, body composition, as
well as sexual and cognitive function.  Testosterone
replacement has been shown to produce improvements

in many of these areas.  However, this practice is not
without risks, both proven and theoretic.  Also, the
diagnosis of androgen deficiency and the decision to treat
is not always straightforward.  The purpose of this article
is to familiarize the clinician with issues associated with
androgen deficiency in the aging male.  The clinical
symptoms of androgen deficiency as well as the risks and
benefits of androgen replacement will be discussed.  This
should help clinicians better identify those patients in
whom testosterone replacement therapy should be
considered.
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Epidemiology
Estimates of the prevalence of androgen deficiency in
aging males are affected by the lack of a clear definition
of the phenomenon.  For instance, the Massachusetts
Male Ageing Study used total testosterone level < 200
ng/dl or at least three symptoms of hypogonadism with
a total testosterone level between 200 ng/dl and 400 ng/
dl as its definition.  Based on this, the study estimated
the prevalence of hypogonadism to be 6.0% of men aged
40-69 years at baseline and 12.3% at follow-up
assessment 7.0-10.4 year later.1  However, a much higher
prevalence of 38.7% in men > 45 years was found in the
Hypogonadism in Males (HIM) study using total
testosterone < 300 ng/dl as its definition.2  More recently,
a study of 1475 men in the Boston Area Community
Health (BACH) survey showed the importance of
considering biochemical androgen deficiency in the
context of clinical symptoms.  While 24% of the subjects
studied had total testosterone < 300 ng/dl, nearly 47%
of the subjects at least 50 years old with low testosterone
were asymptomatic.  In this study, crude prevalence of
symptomatic androgen deficiency was found to be 5.6%
among all comers with an average age of 47.3 years.
However, the prevalence increased dramatically after
the age of 70 to 18.4%.3  Despite the uncertainty regarding
the current prevalence of androgen deficiency, one thing
that is clear is that the population of the United States is
progressively aging.4  As such, management of age-
related hormonal changes will almost certainly become
a more prominent part of urologic practice in the near
future.  Indeed, the BACH study concluded that 6.5
million American men 30 to 79 will manifest
symptomatic androgen deficiency by 2025 which
represents and increase of 38% compared to 2000
population estimates.3  Conditions such as diabetes,
chronic renal failure, metabolic syndrome and chronic
opioid use increase the prevalence of hypogonadism.

Hormonal alterations
It is well-known that testosterone levels decline with
age.  Almost 20% of men aged 60-69 and 30% of men
aged 70-79 have low testosterone levels.5  In addition
to a decline in total testosterone, there is also a rise in
sex hormone-binding globulin that leads to a
significant decline in bioavailable and free
testosterone.1,2  Luteinizing hormone (LH) levels
typically increase slightly with age, likely secondary
to decreased Leydig cell testosterone production.6

However, a majority of hypogonadal elderly men will
have low or inappropriately normal LH levels,
indicating hypothalamic-pituitary dysfunction as
well.  Extra-gonadal androgens, DHEA and DHEAS,
also decline with age.7

Diagnosis and work-up
Precisely defining androgen deficiency is more relevant
to research endeavors than to clinical practice.
Determination of hypogonadism requires clinical
suspicion based on symptoms and exclusion of other
causes.  When symptomatic hypogonadism is suspected,
a morning serum total testosterone level should be
obtained.  If abnormal or borderline (< 300 ng/dl), the
test should be repeated with free T, LH, FSH, prolactin,
and possibly SHBG levels.  These tests aid in determining
primary gonadal failure versus pituitary dysfunction.
Abnormal gonadotropin values or elevated prolactin
levels should prompt further evaluation of the pituitary
gland with an MRI of the sella turcica for a possible
pituitary adenoma.  Whether the cause of low
testosterone is primary gonadal failure or pituitary
dysfunction, the mainstay of treatment is testosterone
replacement therapy.  Prior to initiating hormonal
replacement therapy, a digital rectal exam should be
performed.  In addition, laboratory evaluation with a
complete blood count, liver function tests, and PSA
should be obtained.  Any abnormal DRE finding or
elevated PSA should prompt further investigation to rule
out prostate cancer prior to beginning testosterone
supplementation.

Effects of testosterone and replacement therapy

Bone
Testosterone plays a major role in bone mineral density
in men.8  However, the majority of the effect is likely
due to the action of the testosterone metabolites estradiol
and estrone.9.10  However, testosterone does appear to
have a direct interaction with bone cells.  Testosterone
has been shown to directly inhibit osteoclast formation
and bone resorption whereas estrogen exerts its effects
mainly through the actions of osteoblasts.11  A recent
multi-center study of 2447 men older than 65 indicated
that the prevalence of osteoporosis was 12.3% in
testosterone deficient men versus 6.0% in those with
normal testosterone.12  However, the effect of
hypogonadism on bone is best demonstrated by
examining patients with prostate cancer treated with
androgen deprivation therapy.  Evidence suggests that
these patients are at increased risk for osteoporotic
fractures and their sequelae secondary to osteopenia and
osteoporosis.13  A recent meta-analysis examined the
evidence for testosterone replacement on bone and
showed that there was improvement in bone mineral
density in the lumbar spine as well as decreased bone
resorption markers.  However, none of studies included
in the analysis examined fracture risk reduction with
testosterone replacement therapy.14

64

RAYNOR ET AL.



© The Canadian Journal of UrologyTM; 14(Supplement 1); December 200765

Androgen deficiency in the aging male:  a guide to diagnosis and testosterone replacement therapy

Cognitive function and mood
There is a decline in cognitive function with aging.15  The
majority of cases of dementia and cognitive decline are
associated with vascular changes in the central nervous
system or as a result of neurodegenerative disorders such
as Alzheimer’s disease.  There is evidence, however,
indicating more than just a temporal relationship
between decreasing testosterone levels and declining
cognition.  A prospective longitudinal study examined
over 400 elderly men with respect to multiple cognitive
domains and serum measurements of testosterone.  Men
classified as hypogonadal showed significant declines
of memory and visuospatial performance as well as
faster rates of decline in visual memory.16  Recent studies
have also demonstrated a link between low testosterone
levels and the development of Alzheimer’s disease in
aging men.17,18  This association remains to be fully
elucidated, however, animal studies have shown that
androgen depletion increases levels of β-amyloid protein
and decreases neuronal survival in response to toxic
insults.19,20  The results of randomized, placebo-
controlled studies evaluating the effect of androgen
replacement on cognition have been mixed.  However,
a recently published literature review of the topic
indicated that, in general, testosterone substitution may
have moderate positive effects on selective cognitive
domains (e.g. spatial ability) in older men with and
without hypogonadism.  This study concluded that
testosterone replacement should be considered in
hypogonadal men with cognitive impairment.21

There has also been some suggestion that testosterone
supplementation may alter mood.  It is well known that
the incidence of depression increases with aging.
Unfortunately, there have been few trials examining the
relationship between low testosterone levels and
depression.  Randomized trials examining the
relationship between testosterone supplementation in
hypogonadal men and depression symptoms have
shown conflicting results.22,23  However, these trials were
relatively small and larger randomized trials are needed
to fully examine the benefit of testosterone
supplementation in the treatment of depression for this
population subset.

Body composition
Aging is associated with a decrease in skeletal muscle
mass and an increase in adipose tissue.24  These changes
can result in loss of strength and mobility, leading to an
increased risk of falls, fractures, decreased independence,
and depression.  This effect is thought to be due to a
direct effect on muscle cells by testosterone as well as
through stimulation of insulin-like growth factor 1.25

Some studies have shown improvement in both leg and

arm strength with testosterone supplementation26 while
other studies have shown improvement only with the
coadministration of growth hormone.27,28  Changes in
muscle mass were seen both in hypogonadal elderly
men and healthy younger men.29,30  Testosterone
supplementation  has also been shown to affect adiposity
causing a decline in fat mass and an increase in lean
muscle mass24 as well as a redistribution of adipose to
the viscera and subcutaneous tissues typical of
eugonadal men.31

Sexual function
Sexual dysfunction, in the form of erectile dysfunction
or decreased libido, is a common presenting complaint
in androgen deficient males.  Testosterone and its
metabolites are critical to sexual development, function,
and desire.  Testosterone appears to have greater effect
on nocturnal erectile activity and maintenance of libido
in hypogonadal men.32,33  Several studies have examined
the effect of testosterone supplementation on sexual
function.  Response rates vary dramatically in these
studies as evidenced by the results of a recent meta-
analysis on the subject.  However, the study populations
were heterogeneous and included patients with both
primary and secondary testicular failure as well as some
men not classified as hypogonadal.34,35  A more recent
study examining testosterone supplementation in
hypogonadal men showed an initial improvement in
sexual function based on the International Index of
Erectile Function at 1 month of treatment, but this benefit
was not maintained.  There was, however, a persistent
improvement in libido.36  One critique of these results is
that patient comorbidities may have contributed to the
lack of persistent effect.  Also, the patients in the study
were not treated simultaneously with phosphodiesterase
type-5 inhibitors.  Coadministration of testosterone and
PDE-5 inhibitors has been shown to improve erectile
function in hypogonadal men.37  Testosterone clearly has
an effect on sexual function.  However, the incidence of
comorbid illnesses that can lead to erectile dysfunction
also increases with age making the determination of the
ultimate cause difficult.38  For this reason, larger
randomized studies are needed to elucidate the true
contribution of testosterone replacement to erectile
function in hypogonadal men.

Risks of testosterone replacement therapy

Hepatic and hematologic
Hepatotoxicity is a known side effect of some forms of
testosterone replacement therapy.  However, this adverse
effect has only been associated with oral preparations
of testosterone (alkylated forms).  Manifestations include
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elevated liver function tests, cholestatic hepatitis, cystic
disease of the liver, and hepatocellular carcinoma.  All
of the newer testosterone preparations are aromatized
when metabolized which prevents liver toxicity.  Other
forms of replacement such as testosterone undecanoate,
injectable, and transdermal preparations do not appear
to be associated with hepatotoxicity.39  Androgen
supplementation is also known to increase hematocrit.40

Patients with comorbid vascular disease may have a
higher risk of adverse events as a result of the
polycythemia.41  A recent meta-analysis of randomized
trials of testosterone supplementation showed that
polycythemia (hematocrit > 50%) was the most common
adverse effect.  Patients treated with testosterone were
3.6 times more likely to develop polycythemia.  The
intramuscular form of testosterone appears to have a
higher incidence of erythrocytosis.42  Baseline liver
function tests and a complete blood count should be
obtained prior to beginning supplementation.  Periodic
monitoring of CBC during therapy is recommended in
order to assess for polycythemia.  Patients developing
erythrocytosis may require withholding testosterone or,
occasionally, therapeutic phlebotomy.

Cardiovascular disease and lipid profile
It has been previously and incorrectly assumed that
elderly men have a higher incidence of cardiovascular
events than women because of the elevated levels of
testosterone.  However, no clinical evidence supports
this assumption.  In fact, evidence points to a possible
beneficial effect of testosterone on cardiovascular health.
Studies have failed to show any relationship between
testosterone levels and angiographic evidence of
coronary artery disease.43,44  English et al, showed that
men with lower bioavailable testosterone had a higher
incidence of abnormal coronary angiograms.44  In
addition, a large population study showed an inverse
relationship between bioavailable testosterone levels and
aortic atherosclerosis.45  A recent meta-analysis of elderly
men taking testosterone showed no statistical difference
in cardiovascular events when compared with placebo.42

Lipid profile is a well-known cardiac risk marker.  A
meta-analysis of 19 studies involving testosterone
supplementation in men with hypogonadism showed
minimal decreases in total cholesterol, LDL, and HDL
that did not reach statistical significance at physiologic
levels of testosterone.42  There was, however, noted to
be a dose related decrease in HDL levels with
testosterone supplementation.  The evidence suggests a
modest change in lipid levels with testosterone
supplementation in hypogonadal men.46  The effect that
these changes in lipids have on cardiovascular events
has yet to be elucidated.

Prostate
The prostate relies on androgens for growth and the
majority of prostate cancers are hormonally responsive.
Treatment of metastatic or recurrent prostate cancer
routinely relies on androgen ablation.  Taken at face
value, this would suggest that androgen
supplementation could exacerbate voiding difficulties
by encouraging prostate growth.  Theoretically,
androgen supplementation could even unmask an
indolent prostate cancer.  Several studies have examined
the role of testosterone supplementation and voiding
difficulties.  None demonstrated significant changes in
urine flow rates, post-void residual volumes, or voiding
symptom scores.  Prostate volumes have been shown to
increase in men treated with testosterone.  However,
studies have shown that this increase is similar to that
of age matched eugonadal men.47-49  Studies have also
examined the development of prostate cancer in men
treated with testosterone supplements.  A review of
several randomized trials showed a low number of
prostate cancers detected in patients receiving
testosterone.  However, the number of new cases
detected was similar to the prevalence in the general
population.50  A recent meta-analysis showed that
prostate events occurred significantly more in treated
groups.  Prostate events included diagnosis of prostate
cancer, elevation of PSA, and prostate biopsies.
However, none of these endpoints reached statistical
significance alone.42  Regardless, patients receiving
testosterone supplementation should routinely undergo
digital rectal exam and PSA screening.  Further study
has shown that even patients at higher risk of developing
prostate cancer can safely undergo testosterone
replacement therapy.  Rhoden et al, compared
hypogonadal men with prostatic intraepithelial
neoplasia (PIN) on needle biopsy with PIN- negative
controls.  Only one case of prostate cancer was diagnosed
in the PIN+ group after 1 year of testosterone
supplementation.50  Another concern arises in the
treatment of hypogonadal patients after primary
treatment for prostate cancer.  Historically, this was
thought to be an absolute contraindication to androgen
supplementation.  Recently, there has been some
evidence to suggest that select patients with a history of
prostate cancer may safely benefit from testosterone
replacement therapy.  One study retrospectively
reviewed seven patients with organ-confined disease
treated with radical retropubic prostatectomy that were
diagnosed with hypogonadism.  After initiation of
testosterone supplementation, no evidence of recurrence
(based on PSA) was documented.51  Similarly, a cohort
often patients were studied and also showed no evidence
of disease recurrence after a median follow-up of 19
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months.52  Larger randomized trials are needed to further
assess the risk of prostate cancer development during
testosterone replacement therapy.

Other risks
There are several other risks associated with
testosterone replacement therapy.  Skin reactions may
occur with transdermal testosterone delivery systems.
This is more commonly seen with patches than with
gel formulations.  Testicular size and fertility will
decrease with supplementation as the pituitary-
gonadal axis is suppressed with exogenous androgen.
Gynecomastia and breast tenderness are uncommon
side effects.  Also, there have been some associations
with supplementation and the development or
exacerbation of sleep apnea.41

Conclusions

Androgen deficiency in the aging male (ADAM)
describes a common clinical condition that may affect
many elderly men and is likely under diagnosed because
of the vague clinical symptoms.  It is apparent that
testosterone supplementation may improve many of the
most common symptoms including bone density, body
composition, mood and cognition, and sexual function.
Supplementation is not without risks which are
primarily associated with prostate events.  However,
evidence suggests that there is no correlation with
supplementation and exacerbation of BPH or
development of prostate cancer over the general
population.  Proper monitoring is necessary however.
Recommendations include digital rectal exam, PSA,
blood count, and liver function tests prior to initiation
of therapy.  During therapy, periodic digital rectal exam,
PSA, and blood counts should be closely monitored.
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