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Serum testosterone levels decline progressively as men age, with resulting
pathophysiological changes. Because the onset of andropause is gradual and
many of its symptoms mirror those associated with medications or disease
states common in the elderly, a clinical diagnosis can be difficult to make.
Additionally, because of a lack of established normal testosterone levels for
different age groups, as well as confusion regarding what subset of testosterone
to measure, simply testing testosterone levels is inadequate. Although clinical
studies have shown testosterone supplementation to be safe, no long-term
placebo-controlled trials have been performed. Among the possible side effects
of testosterone replacement therapy is an increased risk of prostate cancer.
While there is no evidence that supplemental testosterone will initiate prostate
cancer or cause clinically significant progression of an established occult
malignancy, the initial evaluation of patients prior to administration of
testosterone requires screening for prostatic carcinoma. A number of
formulations of testosterone are currently available; transdermal gels, although
expensive, are the preferred modality because of their ease of administration.
[Rev Urol. 2004;6(suppl 6):S9-S15]
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H ormone replacement therapy in women has long been the standard of
care to obviate menopausal symptoms resulting from estrogen deficiency.
It is increasingly widely recognized that similar, although nonclimacteric,

decreases in serum testosterone with resulting symptoms occur in aging men. This
testosterone reduction and associated symptom complex has been variously
referred to as andropause, ADAM (androgen deficiency in the aging male), and
PADAM (partial androgen deficiency in the aging male). It has been established
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that testosterone decreases by approx-
imately 1% per year after age 30.1-3

As illustrated in Figure 1, which
shows the prevalence of hypogo-
nadism in men at different ages,
approximately 20% of men in their
60s have biochemical evidence 
of androgen deficiency, increasing 
to 50% of men in the eighth decade 
of life.2

Unlike the female menopause, the
male counterpart is a slowly progres-
sive condition. In many ways the
resulting symptoms are different
from those experienced in the young
hypogonadal male, because of the
slow nature of testosterone decline in
the elderly. This may render the clin-
ical diagnosis of andropause diffi-
cult. In this overview I will describe
the andropause syndrome and dis-
cuss the rationale for treatment,
explore the risk/benefit ratio of ther-
apy, and discuss the various treat-
ment options currently available.

Biochemical and Clinical
Characteristics of Andropause
Andropause has been perhaps best
described by Morales and Lunenfeld4

as a “biochemical syndrome associ-
ated with advancing age and charac-
terized by a deficiency in serum

androgen levels with or without a
decreased genomic sensitivity to
androgens. It may result in signifi-
cant alterations in the quality of life
and adversely affect the function of
multiple organ-systems.”5

The progressive decrease in serum
testosterone with age has been docu-
mented in several investigations.1-3

Reduction in testosterone results in a
number of physiologic changes.
These include alteration in body
composition (decrease in lean body
mass, increase in fat mass),6,7

decrease in energy and muscle
strength, decreased libido and erec-
tions,4,5 increased osteoporosis,8 mood
changes, and reduction in cognitive
function.9 Despite these observations,
specific studies demonstrating the

connection between reduction in
testosterone and these physiologic
events have found only a weak cor-
relation. This is perhaps explained by
the myriad of other disease states
occurring in the aging male that can
also give rise to these symptoms.

One of the limitations in the study
of andropause is the lack of estab-
lished normal testosterone levels for
different age groups. It is readily
apparent that, given the wide range of
testosterone in so-called “normal”
men, a single value may be appropri-
ate for broad-based populations but
irrelevant in the individual patient.
This is particularly problematic given
the fact that the level of serum testos-
terone required for well-being may be
variable. If a man is accustomed to a
serum testosterone level in the high-
normal range, reduction to a lower
level, even though still within the
established normal range, may no
longer be adequate for maintenance
of well-being. Unfortunately, because
we rarely measure testosterone in
men prior to the point at which they
are experiencing symptoms, clinicians
are obliged to use established normal
ranges. Another confounding factor is
the fact that many of the symptoms of
andropause can be caused by other
comorbid disease processes or side
effects from commonly utilized med-
ications in this population.

Confusion also exists because of
the subset of testosterone that is
measured. The majority (up to 98%)
of circulating testosterone is bound
to serum proteins, primarily sex hor-
mone-binding globulin and albumin,
rendering only 1% to 2% of testos-
terone free in the circulation.10 All
conventional total testosterone

assays measure both free and bound
testosterone. Measurement of the
free testosterone level is difficult and
generally requires a specialty labora-
tory. A significant factor for clini-
cians to recognize when measuring
serum testosterone levels is that

Approximately 20% of men in their 60s have biochemical evidence of
androgen deficiency, increasing to 50% of men in the eighth decade of life. 
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Figure 1. The prevalence of hypogonadism in the aging male. Each bar indicates the percentage of men in each
decade with total testosterone (T) < 11.3 nmol/L (325 ng/dL) (yellow bars) or free testosterone index (total T/sex hor-
mone-binding globulin) < 0.153 (orange bars), both < 2.5th percentile. Numbers over each pair of bars represent the
number of men studied in each decade. Adapted with permission from Harman SM et al.2
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there is a circadian variation to these
levels, with peak concentrations in
the early morning.

The decline in testosterone with
aging is related to decreases in both
hypothalamic and testicular func-
tion. There is an age-related reduction
in gonadotropin-releasing hormone,
resulting in decreased production of
luteinizing hormone (LH) by the
pituitary gland. The number of tes-
ticular Leydig cells also decreases
with age,11 resulting in reduction in
testosterone production. Associated
with the decline in serum testos-
terone is an increase in serum
gonadotropin, follicle-stimulating
hormone, and LH.1-3 This results from
negative feedback on the hypothala-
mus. The action of androgens is by
binding to the androgen receptor,
which leads to activation and/or
repression of tissue-specific factors.
This results in changes in the tran-
scription genes encoding a number
of androgen-regulated proteins.12

As noted, there are a number of
physiologic changes that can occur
with androgen deficiency in the
aging male (Figure 2). These include
decreased lean body mass and
increased fat, reduction in muscle
mass and resulting strength, decrease
in bone mineral density, decreased
body hair and skin thickness, dimin-
ished libido and sexual activity,
reduced energy and sense of well
being, irritability and depression,
impaired quality of sleep, and deteri-
oration in cognitive function.11

With respect to sexual dysfunction
the clinical manifestation of andro-
pause may be confused with other
causes of erectile dysfunction, such as
those of a vascular or neurogenic ori-
gin. Absence of nocturnal erections in
a patient without other markers of
vascular disease may suggest andro-
pause as a cause. Moreover, there can
be confusing overlap with other con-
ditions associated with sexual dys-

function, most notably depression. It
should be noted that erectile dysfunc-
tion is not a prerequisite for the diag-
nosis of andropause, but certainly in

the urologic practice it is the most
likely cause to institute investigation.

The psychological and cognitive
hints of andropause including loss of
cognitive function, depression, and
“loss of drive” may be identified with
a careful history. Physical examina-
tion may demonstrate a decrease in
lean body mass and changes in hair,
skin, and fat distribution. Fractures,
one complication of osteopenia and
osteoporosis, may suggest andro-
pause as well.

Indications for Treatment
The goal of testosterone therapy can
be divided into 2 major areas:

improvement in symptoms and
restoration of alterations in normal
physiology. Symptom improvement
might include improved psychosexu-

al function, physical activity, quality
of life, and overall mood. Restoration
of organ systems that have suffered
deleterious effects because of a rela-
tive hypogonadal state include
improvement of bone mineral densi-
ty, body composition, strength, and
cognitive function. 

The degree of increase in testos-
terone level necessary for efficacy
has not been established in older
men. Due to individual variability
with respect to sensitivity of the
androgen receptor, as well as differ-
ent target tissue sensitivity, there will
likely be heterogeneity in the level
that needs to be achieved in each
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Figure 2. Physiological changes from androgen deficiency in the aging male. GH, growth hormone; IGF-1, insulin-
like growth factor-1; CNS, central nervous system. Adapted with permission from Matsumoto.11

Symptoms involving mood and psychosexual function may require a lesser
increase in testosterone than those involving bone density or muscle mass.
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individual patient. Tenover13 has 
suggested that symptoms involving
mood and psychosexual function
may require a lesser increase in
testosterone than those involving
bone density or muscle mass.
Problematic in this regard is the fact
that we monitor testosterone replace-
ment by measuring serum levels of
testosterone and other sex steroids
and have no ability to determine the
more valid measurement, androgen
levels in the target tissue.

The patient who is considered a
candidate for treatment of andro-
pause because of biochemical evi-
dence of low testosterone and some
or all of the clinical symptoms noted
above, must undergo careful evalua-
tion and be informed of the potential
risks and benefits before treatment.
The absence of long-term placebo-
controlled trials renders definitive
evidence of the safety of supplemen-
tal androgens unknown. The poten-
tial risk factors noted below should
be described to the patient. 

Safety
A number of studies have been con-
ducted in which testosterone has
been administered to older men with
andropause syndrome. Several dif-
ferent testosterone formulations
have been utilized and the resulting
serum testosterone levels achieved
have generally been in the low-nor-
mal level. Most studies demonstrated
beneficial effects of testosterone
replacement in this population,
including increase in lean body mass
and associated decrease in fat mass,
increased bone mineral density,
increase in muscle strength and sex-
ual function, improved generalized
feelings of well-being, and improved
cognitive function. Unfortunately,
long-term trials have not been car-
ried out. Long-term trials are needed
to answer some important questions.
For example, will testosterone therapy
produce a reduction in pathologic
fracture occurrences? In all studies
reported, the administration of sup-
plemental testosterone in these

patients has been safe. In some men,
primarily those living in high alti-
tudes, there was an increase in ery-
throcytosis, but this was of little
clinical consequence.

A number of side effects have been
reported in connection with testos-
terone therapy, among them an
increase in body weight related to
fluid retention (Table 1). There is
some circumstantial evidence that
testosterone administration may
have a negative effect on cardiovas-
cular health due to changes in the
lipid profile; however, this has not
been established in prospective trials.
To the contrary, there is some evi-
dence to support improvement in
cardiovascular health with phenome-
na such as improvement in the direct
arterial vaso-dilatory effect, and pro-
longation of time until ischemia with
exercise.14-16 Tenover demonstrated
no deleterious change in cholesterol
profiles and indeed improvement in
total cholesterol in older men treated
with testosterone.17

Some investigators have demon-
strated worsening of sleep apnea;18

however, this has been recently refut-
ed.19 Breast tenderness or enlargement
is a rare outcome of testosterone
administration owing to conversion
of testosterone to estradiol by the aro-
matase enzyme in fat. Increased
hemoglobin and hematocrit levels
have been widely reported17 in men
treated with supplemental testos-
terone, but not to the level necessitat-
ing phlebotomy.

Prostate Cancer Risk
Of greatest concern when supple-
menting testosterone is an increase
in prostatic disease, namely benign
prostatic hyperplasia or the develop-
ment of, or increased occurrence of,
prostatic carcinoma. While there has
been a slight increase in prostate-
specific antigen (PSA) levels demon-
strated in some studies,11,20 this has

Table 1
Potential Hormone-Related and Non-Hormone-Related

Adverse Effects of Testosterone Therapy

Hormone-Related

Promotion of fluid retention
Increase in cardiovascular disease risk
Precipitation or worsening of sleep apnea
Gynecomastia
Polycythemia
Fluctuations in mood
Increased rate of development of benign or
malignant prostate disease

Non-Hormone-Related

Preparation Effect
Testosterone undecanoate Gastrointestinal bloating and irritation
Injectable esters Pain at sight of injection
Implantable pellets Pain or infection at site; extravasation of pellet
Scrotal patch Local site irritation
Nonscrotal patch Local site skin irritation, sometimes significant
Transdermal gels Occasional mild skin irritation

Reprinted with permission from Tenover L.13
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not been associated with a clear
increase in prostate cancer occur-
rence. Even though there may be a
small number of men in whom an
increase in PSA will facilitate the
diagnosis of an existing carcinoma,
there is no evidence that supplemen-
tal testosterone will initiate prostatic
carcinoma. Moreover, in the properly
evaluated and monitored patient, I
do not believe that treatment with
supplemental testosterone will result
in clinically significant progression

of an established occult malignancy.
The subject of prostatic disease in
men treated with androgen supple-
mentation has been recently reviewed
in a Reviews in Urology supplement.21

Even though it is highly doubtful
that the administration of testos-
terone will result in any promotional
effect of an occult malignancy, ini-
tial evaluation of patients prior to
administration of testosterone
requires screening for prostatic car-
cinoma. A standard urologic evalua-
tion including careful digital rectal
examination (DRE) and serum PSA
measurement should be conducted.
The threshold to indicate biopsy for
PSA in this cohort probably should
be lower than the widely utilized
cut-off of 4.0 ng/mL (which is, even
for all men, considered by many
experts to be too high). I recommend
biopsy for a PSA greater than 3.0
ng/mL prior to administration of
testosterone. If the patient has a neg-
ative biopsy, or has a normal PSA
and DRE, I believe there is no risk of
a trial of testosterone supplementa-
tion in a man with symptoms of

andropause. However, careful moni-
toring for change in PSA and DRE is
warranted. An additional prostate
assessment 3 months after initiation
of therapy and every 6 months there-
after is recommended. If the PSA
level rises above 3.0 ng/mL, a biopsy
is warranted.

Treatment Options
A number of testosterone prepara-
tions are suitable for men with
andropause symptoms. These include

oral agents, injectable formulations,
transdermal patches, transdermal gels,
and buccal tablets. Theoretically,
each of these can restore the physio-
logic levels of testosterone. A num-
ber of factors go into the selection 
of therapy including the pattern of
serum testosterone levels produced,
side effects, convenience and ease of
administration, cosmetic issues, and
cost. While many of the potential

adverse effects of testosterone are
universal with all preparations, dif-
ferent formulations provide individ-
ual benefits and side effects.

The only testosterone preparation
available for oral delivery is 
testosterone undecanoate (Andriol®;
Organon, The Netherlands). This is
not commercially available in the
United States. It achieves low-nor-
mal levels of testosterone but deliv-
ery is poor and absorption is highly

dependant on food intake. The con-
siderable variability of testosterone
levels obtained with this oral
preparation renders it not useful in
the opinion of most clinicians.

Until recently the primary formu-
lation in the United States was the
injectable esters. The propionate
ester is not widely used because it
requires dosing every 2 to 3 days.
The cypionate or enanthate esters
have essentially equivalent pharma-
cokinetics22 and provide for dosing
every 1 to 2 weeks by intramuscular
injection. Unfortunately, as has been
demonstrated by Snyder23 and Dobs
and colleagues,24 there is consider-
able variability in the testosterone
levels achieved with these prepara-
tions, and super-physiologic levels
often occur soon after injection. In
some men this may create a sense of
euphoria in the period immediately
following injection, followed by a
rapid return of andropause symp-
toms as the testosterone level falls
before the next dose injection. The
advantages of the injectable forms of
testosterone include ease of adjust-
ment of dose as well as cost. 

In an effort to provide a more con-
stant level of serum testosterone with-
out the need for frequent injections, 

a variety of transdermal approaches
have been developed. Initially the 
so-called “testosterone patches”
(Testoderm®; Alza Corp., Mountain
View, CA) required application to the
scrotum. In general, low-normal lev-
els of testosterone were achieved with
Testoderm.25 Patches are applied daily,
allowing establishment of the normal
circadian rhythm of testosterone.26,27

The high level of 5-alpha reductase 
in scrotal skin results in super-phys-

While it is highly doubtful that the administration of testosterone will
result in any promotional effect of an occult malignancy, initial evaluation
of patients prior to administration of testosterone requires screening for
prostatic carcinoma.

The easiest testosterone supplements to administer are the transdermal gels
and, except for their cost, these are the preferred modality of therapy today.



iologic levels of dihydrotestosterone.26

A number of problems exist with this
approach, including high variability
in the level of testosterone achieved,
problems with patch adherence, and
dermal complications. 

Because of the problems with
scrotal administration, a nonscrotal
patch has been developed (Andro-
derm®, Watson Pharma, Inc., Morris-
town, NJ) that provides easier appli-
cation with fewer complications. The
Androderm patch achieves mid-range
normal testosterone levels with fairly
good reliability. Like the scrotal patch,
2 dose formulations are available to
afford adjustment in serum level of
testosterone achieved. This patch may
also produce skin irritation at the
application site.

The major advancement in admin-
istration of testosterone was the
development of the so-called “trans-
dermal” gels (AndroGel®, Solvay
Pharmaceuticals, King of Prussia, PA,
and Testim®, Auxilium Pharmaceuti-
cals, Inc., Norristown, PA). Daily
administration of the gels affords
mid-range normal testosterone lev-
els.28 Steidle and colleagues29 have
reported the largest placebo-con-
trolled clinical trial ever conducted in
testosterone replacement. In this

investigation, Testim achieved excel-
lent serum testosterone levels and
improvement in lean body mass and
sexual function. A number of other
reports support Testim’s efficacy and
safety.30-33 Like the dermal patches, the
transdermal gels result in some vari-
ability in testosterone levels achieved.
As shown in Figure 3, 24-hour serum
testosterone levels with daily admin-
istration of Testim demonstrate an
excellent dose-response curve.

The decision as to the formulation
of testosterone supplementation to be
utilized requires careful discussion
with the patient. The easiest to admin-
ister are the transdermal gels and,
except for their cost, these are the pre-
ferred modality of therapy today.
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Figure 3. 24-hour serum testosterone level dose response with daily administration of Testim®.

Main Points
• Andropause, the progressive decline of sex hormones, particularly testosterone, in men as they age, can cause an array of unwanted

physiological changes. Testosterone replacement therapy can alleviate and in some cases reverse many of these symptoms.

• Among the difficulties in establishing a diagnosis of andropause is a lack of agreement as to what constitutes a “normal” level of
serum testosterone. There is tremendous interpatient variability as well as changes within a patient at different times of the day.
In addition, many of the symptoms of andropause can be caused by comorbid disease states or commonly used medications.

• A number of clinical studies have demonstrated beneficial effects of testosterone replacement; in all studies reported, the adminis-
tration of supplemental testosterone has been safe. Although no clear evidence exists that androgen supplementation produces an
increase in cancer or promotes the effect of an established occult malignancy, initial evaluation of patients prior to administration
of testosterone should include screening for prostatic carcinoma, and regular digital rectal examinations and monitoring of prostate-
specific antigen levels is warranted.

• There are a number of testosterone preparations available to treat andropause symptoms. These include oral agents, injectable
formulations, and transdermal patches and gels. While many of the potential adverse effects of testosterone are universal with
all preparations, different formulations provide individual benefits and side effects. Easiest to administer are the transdermal gels
and, except for their cost, these are the preferred modality of therapy today.
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