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T estosterone plays an essential role in the development of the normal male and in the
maintenance of many male characteristics, including muscle mass and strength, bone
mass, libido, potency, and spermatogenesis. Androgen deficiency occurs with disor-
ders that damage the testes, including traumatic or surgical castration (primary tes-

ticular failure) or disorders in which the gonadotropin stimulation of the testes is reduced (hypo-
gonadotropic hypogonadism). The clinical manifestations of androgen deficiency depend on the
age at onset and the severity and duration of the deficiency. In adult males, these manifestations
may include reduced body hair, decreased muscle mass and strength, increased fat mass, de-
creased hematocrit, decreased libido, erectile dysfunction, infertility, osteoporosis, and depressed
mood. The forms of androgen replacement currently available in the United States are intramus-
cular depot injections of testosterone esters, oral tablets of testosterone derivatives, and transder-
mal patches. For most patients, androgen replacement therapy with testosterone is a safe, effective
treatment for testosterone deficiency. Arch Fam Med. 1999;8:257-263

Testosterone, the most important andro-
gen produced by the testes, plays a
crucial role in the health of the male.
During fetal development, testosterone
and its metabolite dihydrotestosterone
(DHT) are needed for normal differen-
tiation of male internal and external
genitalia. During puberty, testosterone
is required for the development of male
secondary sexual characteristics, stimu-
lation of sexual behavior and function,
and initiation of sperm production.1 In
adult males, testosterone maintains
muscle mass and strength, fat distribu-
tion, bone mass, erythropoiesis, male
hair pattern, libido and potency, and
spermatogenesis.2

Circulating testosterone levels have
a diurnal variation in normal young men,
usually reaching a mean maximum level
of 25 nmol/L (710 ng/dL) at approxi-
mately 8 AM and declining to a mean
minimum level of 15 nmol/L (426
ng/dL) at approximately 10 PM.3,4 This

circadian variation in testosterone level
appears to be a result of temporal modu-
lation of hormone secretion by the testes
rather than of a diurnal change in testos-
terone clearance, although the precise
mechanism is unknown. Circulating tes-
tosterone is metabolized to DHT in the
skin, liver, prostate, and other organs
that contain the enzyme 5a-reductase.2

Testosterone is also metabolized to estra-
diol (E2) by the aromatase enzyme com-
plex in the brain, fat, and testes.2 In nor-
mal men the ratio of the resulting plasma
levels of DHT and E2 to the total testos-
terone level are approximately 1:10 and
1:200, respectively. Typical circadian
patterns of testosterone, DHT, and E2 in
healthy young men are shown in
Figure 1.4 These 3 steroids bind to and
activate intracellular receptors that are
specific for either androgens (testoster-
one and DHT) or estrogens. These recep-
tors are found in the reproductive,
immune, hematopoietic, and central ner-
vous systems. Organs and tissues influ-
enced include the pituitary, liver, kid-
neys, muscles, bones, adipose, and skin.
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CLINICAL MANIFESTATIONS
OF ANDROGEN DEFICIENCY

Androgen deficiency, also known as
hypogonadism, results from the sub-
normal production of testosterone

by the testes. The prevalence of an-
drogen deficiency is not known with
certainty, and hypogonadism is
probably underdiagnosed. Some
common causes of hypogonadism
are listed in Table 1. Testicular fail-

ure may have a genetic or a devel-
opmental basis, or may be ac-
quired. Klinefelter syndrome
(47,XXY), the most common cause
of primary testicular failure, occurs
in approximately 1 of 1000 new-
born males.5-7 Hypogonadotropic
(secondary) hypogonadism may re-
sult from either acquired or con-
genital defects in pituitary or hypo-
thalamic function.8 The clinical
manifestations of androgen defi-
ciency depend on the age at onset
and the severity and duration of the
deficiency. Hypogonadism is diag-
nosed easily when the usual signs
and symptoms of androgen defi-
ciency are present (Table 2), or
when the patient has a history of a
predisposing condition such as
mumps orchitis, orchiectomy, or ir-
radiation to the pelvis or head. Con-
versely, the diagnosis can be more
difficult in patients with less spe-
cific symptoms or an unremark-
able clinical history. Fortunately,
simple laboratory tests provide ac-
curate information about levels of to-
tal and bioavailable testosterone and
of gonadotropins. These tests should
be performed in any male patient
with symptoms suggestive of andro-
gen deficiency.

Although the range of normal
values varies among laboratories,
morning testosterone values be-
low 12 nmol/L (350 ng/dL) suggest
hypogonadism and should be con-
firmed by a second determination.
Testosterone levels fall gradually as
men grow older, but most elderly
men have testosterone levels that are
in the low-normal range for younger
men.9 In men older than 65 years,
morning values below 9 nmol/L (250
ng/dL) should be investigated fur-
ther. Approximately 50% of the cir-
culating testosterone is tightly bound
to sex hormone binding globulin
produced by the liver, so that in-
creased or decreased levels of sex
hormone binding globulin influ-
ence the measured testosterone level.
When borderline total testosterone
values are found, or the clinical pic-
ture and the serum testosterone lev-
els disagree, additional measures of
circulating androgens are needed.
The most accurate indicator of hy-
pogonadism is the concentration of
testosterone that is not bound to sex
hormone binding globulin (the con-
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Figure 1. Mean curves and range of circadian patterns of testosterone, dihydrotestosterone, and estradiol
in healthy young men. Dashed lines represent the 95% confidence range for the estimated circadian
patterns. Symbols correspond to mean curves reported in different studies. Adapted with permission
from Mazer et al.4

Table 1. Disorders Causing Male Hypogonadism*

Category Major Causes

Primary testicular failure Klinefelter syndrome (47,XXY and variants)
Cryptorchidism
Orchitis
Trauma
AIDS
Myotonic muscular deficiency
Retroperitoneal fibrosis

Hypogonadotropic hypogonadism Congenital GnRH deficiency (Kallmann syndrome)
Prader-Willi syndrome
Idiopathic hypopituitarism
Pituitary tumors
Suprasellar tumors
Hemochromatosis
Inflammatory, traumatic, and vascular lesions

of hypothalamus and pituitary
Severe illness
Massive obesity

*AIDS indicates acquired immunodeficiency syndrome; GnRH, gonadoliberin.
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centration of bioavailable testoster-
one or free testosterone).10 Men with
hypogonadotropic hypogonadism
have low plasma testosterone lev-
els and luteinizing hormone levels
that may be low or low-normal.
Thus, the plasma level of follicle-
stimulating hormone and luteiniz-
ing hormone should be measured.
The serum prolactin levels should
then be measured because hyperpro-
lactinemia suggests the presence of
a pituitary tumor.10 Additional hor-
mone evaluations and imaging tests
may be indicated. Primary testicu-
lar failure is accompanied by el-
evated plasma levels of follicle-
stimulating hormone and luteinizing
hormone because of impaired nega-
tive feedback inhibition of gonado-
tropin secretion.

TESTOSTERONE
REPLACEMENT THERAPY

With few exceptions, confirmed hy-
pogonadism requires testosterone re-
placement. Benefits of androgen re-
placement therapy include increased
body hair and beard growth, en-
ergy, hematocrit, muscle mass,
strength and stamina; increased abil-
ity to perform more physically de-
manding tasks; and an overall in-
crease in the sense of well-being,
confidence, and motivation.1 Un-
treated hypogonadism is a promi-
nent cause of osteoporosis in men.11

Bone mineral density is increased by
testosterone replacement in hypo-
gonadal men,12 and the concomi-
tant increase in muscle mass and
strength may help prevent falls that
predispose older men to fractures.
Hypogonadal men treated with an-
drogens experience improved li-
bido and sexual function, as indi-
cated by frequency of erection and
ejaculation.13-16 In sexually imma-
ture eunuchoidal men, androgen re-
placement therapy promotes the de-
velopment of secondary sexual
characteristics. If the epiphyses are
still open, androgen therapy pro-
motes longitudinal bone growth
until epiphyseal closure.

Although the benefits of andro-
gen replacement therapy are clear, the
delivery of testosterone to hypogo-
nadal men in a way that approxi-
mates normal patterns and levels
poses a therapeutic challenge.

Much effort has been devoted to
developing the ideal androgen
replacement therapy. It is generally
agreed that such therapy would
deliver physiological amounts
(3-10 mg/d) of testosterone; pro-
duce consistent levels of testoster-
one, DHT, and E2 within normal
physiological ranges; and mimic
the circadian patterns of hormone
levels found in healthy young men.
It would have a good safety profile
without adverse effects on the pros-
tate, serum lipids, liver, or respira-
tory function. Finally, it would be
“patient-friendly.” Parenteral, oral,
and transdermal formulations of
testosterone are currently available
(Table 3).

Natural Testosterone

Natural testosterone is not avail-
able commercially in the United
States, but if prescribed by a physi-
cian, it can be compounded and sold
by pharmacists. Natural testoster-
one administered orally or sublin-
gually is rapidly and extensively me-
tabolized by the liver. For example,
buccal administration of natural tes-
tosterone at a dose of 10 mg pro-
duced peak levels of 94 nmol/L
(2700 ng/dL) 30 minutes after dos-
ing, with a return to baseline levels
by 4 to 6 hours.17 Twice-daily treat-
ment for 8 weeks increased sexual
function, assessed by nocturnal pe-
nile tumescence testing in a sleep
laboratory, compared with placebo
in middle-aged men with hypogo-
nadism, but there was substantial
overlap between the groups in sub-
jective end points such as libido and
overall sexual function. The wide
fluctuations in the plasma testoster-
one level may produce emotional la-
bility, and, most importantly, the
long-term consequences of the very

high peak values that occur imme-
diately after dosing are unknown.
Moreover, it is difficult to monitor
therapy by measuring the testoster-
one level in plasma, or to deter-
mine how many daily doses repre-
sent physiological replacement.
Therefore, a more constant mode
of hormone delivery seems advan-
tageous.

Intramuscular Depot Injections

The most commonly used forms of
androgen replacement therapy have
been intramuscular depot injec-
tions of the testosterone esters, tes-
tosterone enanthate and testoster-
one cypionate, in an oil suspension.
Esterification increases the lipid
solubility of testosterone and pro-
longs its action. The esters are con-
verted to free testosterone in the cir-
culation. Although it is important
that dosages be adjusted to meet
the needs of the individual patient,
the usual dosage for adults is 150
to 200 mg administered every 14 to
21 days. This regimen is usually
successful in maintaining normal
androgenization without marked
adverse effects.

A major disadvantage of intra-
muscular administration of testos-
terone esters is the high levels of
serum testosterone produced for
several days after injection, and
low or subnormal levels resulting
at the end of the dosing interval
(Figure 2).8,18 These profiles may
be accompanied by disturbing fluc-
tuations in sexual function, energy
level, and mood.1 Supraphysi-
ologic levels of testosterone may
predispose the patient to acne and
polycythemia and result in high
postinjection estradiol levels and
gynecomastia.19 In some patients,
injections may be associated with

Table 2. Clinical Manifestations of Male Hypogonadism

Patients’ Characteristics Signs and Symptoms

Deficiency before puberty
or during early puberty

Failure of secondary sex characteristics to appear, juvenile voice,
eunuchoidal body habitus, gynecomastia

Deficiency in adults Reduced axillary and pubic hair, reduced beard growth and
frequency of shaving, reduced muscle mass, small
testes and prostate, gynecomastia, osteoporosis,
decreased hematocrit

Decreased libido, erectile dysfunction, infertility, fatigue,
depression, loss of motivation, irritability, vasomotor phenomena
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local pain, bleeding, or bruising,
and with allergic reactions to
sesame oil, the injection vehicle for
testosterone enanthate, or to cot-
tonseed oil, the vehicle for testos-
terone cypionate.19 Although self-
administration is possible, many
patients visit the physician’s office
or clinic for treatment, a process
that may be expensive and incon-
venient.

Alkylated Androgens

Several alkylated derivatives of tes-
tosterone are available for oral or
sublingual use, including methyl-
testosterone and fluoxymesterone.
Alkylated androgens are more slowly
metabolized by the liver than is natu-
ral testosterone, but, like testoster-
one, these androgens interact di-
rectly with androgen receptors.
Although their oral route of admin-
istration is advantageous, clinical re-
sponse is variable20 and plasma lev-
els cannot be determined, because
alkylated androgens are not recog-
nized by most testosterone assays.
Moreover, in our clinical experi-
ence, alkylated androgens may in-
crease levels of low-density lipopro-
tein cholesterol and profoundly
suppress high-density lipoprotein
cholesterol levels because of their
route of absorption and metabo-
lism.21 Prolonged use of high doses
of androgens (principally the 17a-
alkylated androgens) has been as-
sociated with development of the
following potentially life-threaten-
ing conditions: hepatic adenomas,
hepatocellular carcinoma, and pe-
liosis hepatis. Cholestatic hepatitis

and jaundice may occur at rela-
tively low doses of 17a-alkylated
androgens.22(pp1263,2614)

Transdermal Testosterone
Replacement

Although it acts as a barrier to nox-
ious agents, the skin absorbs some
drugs, including steroid hor-
mones, into the systemic circula-
tion. Transdermal administration de-
livers testosterone at a controlled rate
into the systemic circulation, avoid-
ing the high and low levels ob-
served with long-acting testoster-
one injections.Because scrotal skin
is at least 5 times more permeable
to testosterone than are other skin
sites, the first available testoster-
one transdermal delivery system
(Testoderm; Alza Pharmaceuticals,
Palo Alto, Calif) was designed as a
scrotal patch. Patients using the scro-
tal testosterone system have re-
ported substantially improved sexual
function, including the achieve-
ment of potency, and an improve-
ment in sense of well-being, mood,
and energy.23,24 Although testoster-
one is delivered at a controlled rate,
scrotal patches have been associ-
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Figure 2. Steady-state pharmacokinetic profiles
of testosterone in hypogonadal men treated with
intramuscular testosterone enanthate at a
dosage of 200 mg every 2 weeks. The horizontal
lines represent the lower and upper boundaries
of the normal range. Adapted with permission
from Snyder and Lawrence.18

Table 3. Summary of Available Androgen Replacement Therapies*

Name Route Dosage Advantages Disadvantages

Testosterone testers for depot
injection (eg, testosterone
enanthate, testosterone cypionate)

IM Adults: 150-200 mg
every 14-21 d

Teenagers: 50-100
mg/m2 every 4
wk and then
every 2 wk,
proceeding to
adult dose

2-3 wk dosing interval; relatively low
cost

Often produces supraphysiological
levels of serum T shortly after
injection and low or subnormal levels
at end of dosing interval associated
with fluctuations in sexual function,
energy level, and mood; pain and
bruising at injection site

17a-Alkylated androgens
(methyltestosterone and
fluoxymesterone)

OR 10-50 mg/d in
divided doses

Easily administered; relatively low cost Weak androgen, making full androgen
replacement difficult; requires
multiple daily dosing; serum T levels
cannot be monitored; potentially
hepatotoxic

Scrotal patch TD Patch to deliver 4
or 6 mg of
testosterone
applied daily, and
worn for 22-24
h/d

Mimics circadian pattern of T levels in
normal men; easily administered;
eliminates peaks and troughs of IM

Associated with transient scrotal itching,
discomfort, or irritation; scrotum
needs to be dry shaved; must be
removed while showering or
swimming or during sex

Nonscrotal enhanced
transdermal system

TD Two patches to
deliver 5 mg/d
applied to torso
every night and
worn for 24 h

Achieves normal levels of T and
normal ratios of DHT/T and E2/T;
mimics circadian pattern of T levels
and both metabolites, DHT/E2 in
normal men; easily administered;
eliminates peaks and troughs; can
be worn during sex and while
showering or exercising

Associated with local transient skin
irritation in most patients; some
patients discontinued therapy
because of chronic skin irritation; a
few patients have developed allergic
contact dermatitis

*IM indicates intramuscular; T, testosterone; OR, oral; TD, transdermal; DHT, dihydrotestosterone; and E2, estradiol.
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ated with high levels of DHT be-
cause of the presence of the en-
zyme 5a-reductase in scrotal skin,
which results in a high rate of tes-
tosterone metabolism.24 The patch
may be irritating or difficult to keep
in place, however, and requires dry
shaving of the scrotum before ap-
plication. Use of scrotal patches is
not feasible if the scrotal surface is
inadequate.

Two transdermal systems for
the delivery of testosterone across
nonscrotal skin have been devel-
oped. Androderm (SmithKline
Beecham Pharmaceuticals, Philadel-
phia, Pa) is a liquid reservoir sys-
tem with a permeation-enhancing
vehicle of ethanol, water, monoglyc-
erides, fatty acid esters, and gelling
agents25 that allows absorption of tes-
tosterone through nonscrotal skin.
Patches that deliver natural testos-
terone in amounts of 2.5 or 5 mg/d
are available with a surface area of
44 cm2 or 74 cm2, respectively. For
most men, one 5-mg patch is ap-
plied each night, rotating among
various sites on the back, abdo-
men, upper arms, and thighs. A few
big men require a dose of 7.5 mg to
achieve normal circulating testos-
terone levels. The 2.5-mg system is
useful for teenagers. Serum testoster-
one levels with a normal diurnal varia-
tion and normal plasma levels of DHT
and E2 are produced (Figure 3).26

Improvements in sexual function,
libido, energy level, and mood have
been reported by patients after
using the nonscrotal transdermal
system.25,27 The incidence of poly-
cythemia is lower than in men
treated with testosterone enanthate,
200 mg every 2 weeks. The non-
scrotal patch eliminates the techni-
cal problems that may occur with
the scrotal system, ie, inadequate
scrotal surface and dry shaving of
the scrotum.

Local skin reactions are the
most common adverse events
reported for the nonscrotal testos-
terone transdermal system, with
approximately 50% of men who
participated in clinical trials report-
ing transient, mild to moderate ery-
thema occurring at the application
site sometime during therapy.26

Generalized allergic dermatitis that
required discontinuation of therapy
occurred occasionally. Burnlike blis-

ter reactions occurred in 12% of
men during the clinical trials, typi-
cally only once at a single applica-
tion site. These reactions occurred
at a rate of 1 in 6500 system appli-
cations and did not lead to discon-
tinuation of treatment. Most of
these reactions were associated
with application of the systems
over bony prominences or on parts
of the body that could have been
subject to prolonged pressure dur-
ing sleep or sitting. Recommended
sites for system application include
the back, abdomen, upper arms,
and thighs. Pretreatment of the
application site with 0.1% triam-
cinolone acetonide cream decreases
the skin reactions resulting from
this system.28

In clinical trials of up to 12
months’ duration, mean serum pros-
tate-specific antigen levels and mean
prostate volume as estimated by
transrectal ultrasound remained
within the normal range. Safety as-
sessments have disclosed no clini-
cally significant changes in lipid
measures or results of serum chem-
istry studies.26,27

Testoderm TTS for applica-
tion to nonscrotal skin was also mar-
keted. The single patch delivers 5 mg
of testosterone per day. The inci-
dence of itching at the application
site was 12%, and 3% of users ex-
perienced erythema.

Other Testosterone Formulations

All of the testosterone replacement
therapies discussed above are cur-
rently available in the United States;
there are several other formula-

tions that are now being investi-
gated. Testosterone has been com-
plexed with 2-hydroxypropyl-b-
cyclodextrin, to be administered
sublingually at a dosage of either 2.5
or 5.0 mg 3 to 4 times a day.29 Orally
administered testosterone undecano-
ate, which is available in Canada and
Europe, is usually taken at a dosage
of 40 to 80 mg, 2 to 4 times per day.30

Testosterone pellets are currently in
use in the United Kingdom and in
Australia; 3 to 6 testosterone pel-
lets, 200 mg each, are implanted sub-
cutaneously every 4 to 6 months.31

Testosterone buciclate, an experi-
mental formulation, is a long-
acting 17b-hydroxyl ester of testos-
terone administered intramuscularly
at a dosage of 600 mg every 12
weeks.32

ADVERSE EFFECTS OF
ANDROGEN REPLACEMENT

For most patients, androgen replace-
ment therapy with testosterone is a
safe, effective treatment for testos-
terone deficiency. Acne, weight gain,
and edema may occur in patients
with underlying edematous states
such as congestive heart failure, he-
patic cirrhosis, and nephrotic syn-
drome.1 Other adverse effects in-
clude excessive stimulation of libido,
priapism, polycythemia, obstruc-
tive sleep apnea, urinary obstruc-
tion, and gynecomastia.1,17,32 Andro-
gen replacement therapy stimulates
erythropoiesis, occasionally result-
ing in polycythemia that may re-
quire reduction in the dose of tes-
tosterone, or even phlebotomy.1,19,33

If it is administered to prepubertal
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Figure 3. Plasma testosterone concentrations during 24 hours after the application of two 37-cm2

permeation-enhanced transdermal patches applied nightly at 10 PM. Adapted from Meikle et al.26 Used by
permission of Wiley-Liss, Inc, a subsidiary of John Wiley & Sons, Inc.
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boys, premature closure of the
epiphyses may occur.34 Administra-
tion of testosterone esters to some
patients results in marked varia-
tions in serum testosterone levels
that may be associated with emo-
tional lability.35 The resulting
changes in mood, libido, and sexual
function may adversely affect the pa-
tient’s sexual partner, especially
when the couple has a long-estab-
lished relationship.

The theoretical relationship
between androgens and both
benign prostatic hypertrophy and
prostate cancer has been reviewed
previously.36-40 Observations of
hypogonadal men undergoing hor-
mone replacement therapy and
age-matched controls indicate that
prostate volume and prostate-
specific antigen levels are stimu-
lated from the depressed level asso-
ciated with the hypogonadal state
to levels comparable with those of
age-matched normal men.41 Before
beginning androgen treatment, and
yearly thereafter, the possibility of
prostate carcinoma should be
evaluated by digital rectal examina-
tion and a serum prostate-specific
antigen level. Male breast cancer
and known or suspected prostate
carcinoma are contraindications to
androgen replacement therapy.1

SUMMARY

Male hypogonadism, with many
causes and a broad range of clinical
manifestations, is underdiagnosed.
Various types of androgen replace-
ment therapy are available and new
formulations, representing increas-
ingly closer approximations of the
ideal therapy, are under investiga-
tion. Until recently, intramuscular
depot injections offered the most
satisfactory combination of safety
and efficacy, despite the fluctua-
tions in serum testosterone levels
that cause changes in sexual func-
tion, energy, and mood in some
men. Because of limited effective-
ness and a poor safety profile, cur-
rently available oral androgens are
not recommended for replacement
therapy. The scrotal patch delivers
testosterone at a controlled rate but
has been associated with elevated
levels of DHT and altered tes-
tosterone-DHT ratios. The non-

scrotal transdermal delivery system
achieves normal diurnal levels of
testosterone, normal levels of DHT
and E2, and normal ratios of DHT
testosterone and E2 testosterone.
Local skin reactions are the most
common adverse effect. Transder-
mal delivery systems permit the
patient to self-administer medica-
tion, and to select among several
anatomical sites for system place-
ment. For these reasons, transder-
mal delivery represents a useful
step toward the ideal androgen
replacement therapy.
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Clinical Pearl

Tissue-type Plasminogen Activator (tPA) or Low-Molecular-Weight Heparin
for Acute Ischemic Stroke

As compared with placebo, patients treated with tPA were at least 30% more
likely to have minimal or no disability at 3 months on the assessment scales.
There was a higher likelihood of intracerebral hemorrhage in the tPA group.
(N Engl J Med. 1995;333:1581-1587.)
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