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HE female steroid hormones, estrogen and pro-

gesterone, are prescribed widely by physicians, and
their risks and benefits have been studied extensively.
Although androgen preparations have been available for
many years, most clinicians are less familiar with these
hormones, and their risks and benefits have received
less attention. The most common indication for andro-
gen therapy is hypogonadism in men, but other poten-
tial uses of androgens are being explored. In addition,
androgen abuse has become common among athletes
and bodybuilders. It is therefore important that physi-
cians be aware of the physiology, pharmacology, clinical
indications, and adverse effects of androgens.

PHYSIOLOGY

The hypothalamus secretes gonadotropin-releasing
hormone, which stimulates the pituitary to secrete lute-
inizing hormone and follicle-stimulating hormone®? (Fig.
1). In men luteinizing hormone stimulates Leydig cells
to produce testosterone.! Follicle-stimulating hormone
acts on Sertoli cells, thereby stimulating spermatogen-
esis.?® Approximately 7 mg of testosterone is produced
daily in men.*

Testosterone can act directly on target cells, or it can
be converted to dihydrotestosterone by the da-reductase
enzymes or to estradiol by the aromatase enzyme com-
plex. Both testosterone and dihydrotestosterone bind to
the androgen receptor, but dihydrotestosterone has a
higher affinity for the receptor and is therefore a more
potent androgen.! The 5a-reductase enzymes are most
abundant in prostate, skin, and reproductive tissues. Two
forms have been identified that vary in terms of their dis-
tribution in tissues and susceptibility to inhibition.” The
aromatase enzyme complex is most abundant in adipose
tissue, liver, and certain central nervous system nuclei.’

Testosterone circulates primarily in bound form, most-
ly to sex hormone—binding globulin; only 1 to 2 percent
is unbound.” Testosterone bound to sex hormone—bind-
ing globulin is generally not available to tissues.® For
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nearly all clinical purposes, serum testosterone can be
measured as total testosterone, which includes the frac-
tions bound to sex hormone—binding globulin and oth-
er serum proteins together with testosterone circulating
in the unbound state. Alternatively, free (unbound) tes-
tosterone can be measured, which may be useful in a
few clinical settings (e.g., obesity) in which serum sex
hormone-binding globulin concentrations are low, mak-
ing serum total testosterone concentrations inappropri-
ately low.

BrorLocic EFrecTS
Reproductive Tissues

Androgens stimulate prenatal differentiation and pu-
bertal development of the testes, penis, epididymis, sem-
inal vesicles, and prostate.® In adults, androgens are re-
quired for the maintenance of these tissues. Testosterone
is also necessary for the initiation and maintenance of
spermatogenesis.*!

Sexual Function and Behavior

Androgens have a key role in stimulating and main-
taining sexual function in men.*'? Testosterone re-
placement in men with hypogonadism induces greater
interest in sexual activity and improvement in other as-
pects of sexual behavior.'®!° The role of androgens in in-
creasing the frequency and quality of erections is un-
clear.™¥1% Administration of androgens in men with
erectile dysfunction but normal gonadal function is usu-
ally not beneficial.” In normal young men, suppression
of serum testosterone concentrations to the range associ-
ated with castration reduces sexual desire, sexual fanta-
sies, and spontaneous erections.'? Several reports suggest
that there is a threshold (which varies considerably from
person to person) below which sexual function is im-
paired.!>1819

Studies of nonhuman primates have shown that
aggressive behavior is directly correlated with serum
testosterone concentrations,” but in studies of men, self-
assessments of aggressive behavior are not reliably cor-
related with serum testosterone concentrations.!>!® Al-
though short-term administration of methyltestosterone
may increase hostility, violent feelings, and irritability
in normal men,?' moderately supraphysiologic doses of
testosterone enanthate given for several months do not
increase aggressive behavior or irritability.?>%

Muscle

Androgens increase nitrogen retention, lean body
mass, and body weight.>?*26 Although some athletes
and bodybuilders use androgens solely to increase mus-
cle mass, the nitrogen-retaining (anabolic) properties
of androgens cannot be dissociated from their ability to
stimulate male phenotypic and secondary sexual char-
acteristics (androgenic properties). In other words, no
pure anabolic steroid exists.?* Testosterone acts through
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the androgen receptor to increase the size of muscle
cells, with little effect on their number.®

Skin and Hair

Sebum production is an androgen-dependent process,
and acne is a well-recognized concomitant of puberty.
Dihydrotestosterone is believed to be the active hormone
in sebaceous glands. Most men with severe acne, howev-
er, do not have elevated serum androgen concentrations.
Local conversion of precursors may increase androgen
concentrations in the skin.®

Axillary hair and hair on the lower pubic area re-
spond to low concentrations of androgens, but hair on
the face, chest, and upper pubic area requires higher
concentrations. Hair follicles can metabolize testoster-
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Figure 1. The Hypothalamic—Pituitary—Gonadal Axis in Men.
GnRH denotes gonadotropin-releasing hormone, LH luteinizing
hormone, and FSH follicle-stimulating hormone. The plus signs

indicate stimulatory effects, and the minus signs inhibitory
effects.
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one to dihydrotestosterone, and temporal balding may
be a consequence of dihydrotestosterone production.®

Liver

Androgens increase the synthesis of clotting factors,
hepatic triglyceride lipase, sialic acid, a;-antitrypsin, and
haptoglobin.?” Conversely, androgens decrease the pro-
duction of sex hormone-binding globulin, other hormone-
binding proteins, transferrin, and fibrinogen.

Lipids

Men generally have lower plasma concentrations of
high-density lipoprotein (HDL) cholesterol and higher
concentrations of triglyceride, low-density lipoprotein
(LDL) cholesterol, and very-low-density lipoprotein cho-
lesterol than do premenopausal women.? The adminis-
tration of androgens decreases plasma HDL cholesterol
concentrations in adolescent boys with delayed puber-
ty? and in men with hypogonadism.*® Exogenous an-
drogens, especially those that cannot be metabolized to
estrogen (i.e., nonaromatizable androgens), decrease
plasma HDL cholesterol concentrations.?>%!-%

Bone

Bone density increases during puberty in boys, and
peak bone mass is achieved in the mid-20s.’6 Bone
mass in men declines linearly with age thereafter, and
the decrease in trabecular mass is greater than that in
cortical mass.”” Hypogonadism is an important risk fac-
tor for osteoporosis in men.*”%* Androgens stimulate
the proliferation of bone cells in vitro.!**! Little is
known about the amount of androgen required to main-
tain bone mass in men, however, nor is it known wheth-
er the beneficial effect of androgen is due to the andro-
gen itself or to the estrogen produced from it.

Hematologic and Immunologic Effects

Androgens stimulate the production of erythropoi-
etin in the kidneys,*** thereby increasing hemoglobin
concentrations,**** which decline when androgen secre-
tion is inhibited.*® Alkylated androgens (but not testos-
terone or testosterone esters) stimulate the production
of C1 esterase inhibitor.*

The incidence of many types of autoimmune disease
is higher in women than in men. Women have greater
cell-mediated and humoral immunity than men.* Men
with Klinefelter’s syndrome have a higher incidence of
autoimmune disease than do men with normal gonadal
function, and the symptoms of autoimmune disease
may remit when men with Klinefelter’s syndrome are
treated with testosterone.*®

ANDROGEN PREPARATIONS
Currently Available Preparations

Since it is degraded quickly by the liver,* testoster-
one must be altered chemically to produce clinically
useful preparations. Testosterone is commonly esteri-
fied at the 17-hydroxy position. The resultant com-
pounds are hydrophobic and are released gradually
from oily vehicles. After injection, testosterone is hydro-
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lyzed from the ester at the site of injection and is meta-
bolically identical to endogenous testosterone. However,
hydrolysis is not constant; serum testosterone concen-
trations are high for the first few days after an injection
but often fall to base-line levels (or lower) before the
next injection. The testosterone esters currently avail-
able are listed in Figure 2 and Table 1. Because of exten-
sive first-pass hepatic metabolism, esters other than tes-
tosterone undecanoate must be injected intramuscularly.
It is usually possible to train the patient or a family
member to administer the injections.

Testosterone may be alkylated at the 17-hydroxy po-
sition, giving rise to androgens that are more resistant
to hepatic metabolism (Fig. 2 and Table 1). Many of
these compounds are sufficiently resistant to degrada-
tion that they can be administered orally, and they
form the basis for many regimens used by athletes and
body builders. In general, these androgens are weaker
than testosterone or testosterone esters, and they can
cause hepatic dysfunction (see Complications and Side
Effects).

Testosterone patches, worn on the scrotum and re-
placed daily, are available for the treatment of men
with hypogonadism. After the patch is applied, serum
testosterone concentrations rise to the middle of the nor-
mal range and then decrease slowly to the low end of
the normal range over a period of approximately 24
hours.*® Some men prefer patches to injections. For the
patch to be used successfully, the scrotum must be of
adequate size, which may be a problem in some men,
particularly those with pubertal hypogonadism. Shav-
ing of the hair on the scrotum is occasionally required
for good skin contact.

A patch that can be used on nonscrotal skin has re-
cently become available.’! This patch is very effective
and eliminates the problems of scrotal application, al-
though it may be associated with more frequent skin
problems at the site of application. Both scrotal and non-
scrotal patches are more expensive than other formula-
tions of androgen.

Crystalline testosterone can be formulated in im-
plantable pellets, which provide serum testosterone
concentrations in the normal range for up to four
months.’? This formulation is rarely used in the United
States. Testosterone undecanoate, which is available for
oral use in several other countries, must be taken more
than once daily for an optimal effect.

Experimental Delivery Systems

Testosterone buciclate has a duration of action of 12
to 16 weeks and is currently being evaluated in clinical
trials. Preliminary studies suggest that the formulation
is safe and effective in men with hypogonadism.*® In-
jectable, long-acting microcapsules of testosterone are
also under investigation.*!

CLINICAL INDICATIONS

Hypogonadism in Adults

Men with documented testosterone deficiency are can-
didates for androgen-replacement therapy. It is impor-
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17B-Hydroxyl esters 17a-Alkylated derivatives

Androgen  Modification Androgen Modification
Testosterone R = COCH,CH, Methyltes- X = CH,
propionate tosterone
Testosterone R = COCHZCHZ—CI Fluoxymes- X = CH,
cypionate terone Position 9:
Testosterone R = CO(CH,);CH, fluorine in
enanthate ‘épo-s-'“oril.
Testosterone R = CO(CH,),CH,=CH, Positon 11:
undecanoate B position
Danazol X = CH=CH
Position 2, 3:

oCI

Figure 2. The Structures of Testosterone and Its Modifications in
Clinical Use.

tant, however, to distinguish between primary hypogo-
nadism (low serum testosterone concentrations and
elevated serum luteinizing hormone and follicle-stim-
ulating hormone concentrations) and secondary hypo-
gonadism (low serum testosterone concentrations and
serum luteinizing hormone and follicle-stimulating hor-
mone concentrations that are low or at the low end of
the normal range) before initiating therapy (Table 2).
Men with primary hypogonadism are unable to syn-
thesize normal quantities of androgens, and androgen-
dependent processes are stimulated and maintained only
by exogenous hormone replacement. In these men, fer-
tility cannot be induced by hormonal therapy. In con-
trast, men with secondary hypogonadism are potential-
ly fertile and can be treated with exogenous androgen
to stimulate and maintain androgen-dependent proc-
esses. In addition, endogenous androgen secretion and
often spermatogenesis can be stimulated by treatment
with gonadotropins.

The goals of androgen replacement in men are to in-
duce or maintain secondary sexual characteristics, sex-
ual behavior, muscle development, and male habitus.
Because of testosterone’s negative feedback on gonado-
tropin secretion, any persisting spermatogenesis is sup-
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Table 1. Androgen-Replacement Regimens Used in the Treat-
ment of Hypogonadism.

PREPARATION Dose

Testosterone enanthate 200 mg given intramuscularly every 10 to 14 days

Testosterone cypionate 200 mg given intramuscularly every 10 to 14 days

Testosterone propionate 25-50 mg given intramuscularly three times a
week

Testosterone patches 1 patch (4 or 6 mg) applied daily

Fluoxymesterone 10-20 mg given orally each day

Methyltestosterone 10—40 mg given orally each day

pressed, and men with hypogonadism cannot expect to
attain or regain fertility while they are receiving an-
drogens.

Because they are long-acting and do not have toxic
effects on the liver, testosterone enanthate and testos-
terone cypionate (Table 1) are the preparations of choice
for the treatment of hypogonadism. A regimen of 200
mg given intramuscularly every 10 to 14 days is frequent-
ly used. With this regimen, serum testosterone concen-
trations are usually supranormal for the first few days
after an injection,” then decline to the lower end of the
normal range before the next injection. In some men
these oscillations in serum concentrations cause trou-
blesome fluctuations in behavior or physical function-
ing. A dose of 100 to 150 mg given every 7 to 10 days may
prevent such problems. Elderly men with hypogonad-
ism and symptoms of prostatic hypertrophy or bladder-
outlet obstruction should be treated initially with a low-
er dose — for example, 50 mg of testosterone enanthate
or testosterone cypionate every 14 days. Prostatic enlarge-
ment or bladder obstruction rarely progresses with this
approach.

The patient’s clinical status is the best indication of
the effectiveness of androgen therapy. Most men notice
increased libido, energy, and strength within days to
weeks after the start of therapy. Changes in physical
appearance usually evolve over a period of six months.
Men who have not previously undergone full puberty
will have profound physical and psychological changes,
and it is important that the men, their families, and
their sexual partners receive appropriate counseling
about these changes and their effects. In older men, the
prostate should be examined carefully before androgen
therapy is initiated, as well as during treatment, and
they should be questioned about symptoms of obstruc-
tion. Serum prostate-specific androgen concentrations
should be measured before the start of therapy and af-
ter the first three to six months; the concentration may
double with androgen-replacement therapy.”® The same
criteria for evaluating serum prostate-specific androgen
values in normal men can be used in men receiving
long-term replacement therapy with the doses recom-
mended above. There is rarely a need to measure se-
rum testosterone or gonadotropin concentrations re-
peatedly after androgen replacement has been initiated.

Delayed Puberty

Normal puberty in boys begins before the age of 15
years. Boys who do not have any signs of puberty by
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this age may have true hypogonadism or a constitution-
al delay of puberty. Many cases of primary hypogonad-
ism and some cases of secondary hypogonadism can be
diagnosed on the basis of the personal or family histo-
ry, physical examination, growth curve, and laboratory
evaluation. In some cases, however, the history, physi-
cal examination, and laboratory tests suggest no under-
lying disorder. Moreover, there are no diagnostic tests
that can reliably distinguish secondary hypogonadism
from a constitutional delay of puberty. Although a six-
month period of watchful waiting may be justified, in
most circumstances psychological factors dictate inter-
vention, and a short course of testosterone can be initi-
ated to stimulate pubertal development.

Testosterone esters (50 to 100 mg given intramuscu-
larly every two to four weeks) can be administered for
six months in boys suspected of having delayed puberty.
Doses in this range do not accelerate bone age inappro-
priately or interfere with potential adult height, but they
do stimulate linear growth and secondary sexual devel-
opment and may have long-lasting psychological bene-
fits.”” After six months, the injections should be discon-
tinued, and the patient evaluated three to six months
later. In many boys puberty starts spontaneously after
treatment has been stopped; the regimen may be re-
peated, however, if there is no evidence of maturation.

In boys who have physical or laboratory evidence of
hypogonadism, long-term androgen replacement is ap-
propriate beginning at the age of 13 or 14 years. A tes-
tosterone ester should be administered at a dose of 50
to 100 mg every 2 to 4 weeks for 6 to 12 months. The
dose should be gradually increased during the next
three to five years until the full adult dose of 200 mg
every two weeks has been reached.

Hematologic Disorders

Androgen therapy can be beneficial in patients with
aplastic anemia or Fanconi’s anemia, although response
rates vary considerably.”® Androgens have also been
reported to be beneficial in patients with myelofibro-
sis, hemolytic anemias, sickle-cell anemia, or idiopathic
thrombocytopenia purpura.** With the availability of re-
combinant erythropoietin, androgens are now used in-
frequently in the treatment of anemia associated with
chronic renal failure.

Hereditary Angioedema

Alkylated androgens stimulate the production of Cl
esterase inhibitor and can therefore be used prophylac-
tically in the treatment of hereditary angioedema. To
minimize the virilizing effects, danazol, a weak androgen,
is used in women.%®

Endometriosis

Danazol inhibits ovulation and estradiol and proges-
terone secretion; it also has direct antiprogestational ef-
fects on the endometrium.” Because of these proper-
ties, danazol is used in the treatment of endometriosis.
Although effective, it cannot be taken indefinitely be-
cause of the hypogonadal state it induces, and recur-
rences are common when it is stopped.’”® In addition,
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many women have symptoms of hypoestrogenism or
hyperandrogenism,* and decreases in serum HDL choles-
terol concentrations and increases in serum LDL cho-
lesterol concentrations are common during treatment with
danazol 506!

Experimental Uses

Aging

Serum testosterone concentrations decline in men as
they age.52%% This decline may contribute to decreases
in libido, muscle strength, and mass that often occur in
aging men. Preliminary studies suggest that androgen
replacement in elderly men may restore body weight
and lean body mass, increase the hematocrit, and de-
crease biochemical indexes of bone turnover.*% These
results are encouraging, and larger and longer trials are
under way.

Male Contraception

Exogenously administered androgens inhibit gonad-
otropin secretion, secondarily inhibiting spermatogene-
sis, and are therefore potential contraceptive agents in
men, alone or in combination with other agents. Among
157 couples in which sperm counts in the male partners
were suppressed to zero by weekly injections of testos-
terone enanthate, there was only one pregnancy.®
However, only 50 to 70 percent of white men have
azoospermia with this regimen. Whether the suppres-
sion of sperm counts to very low levels is sufficient to
prevent pregnancy is now being studied. Regimens of
testosterone combined with progestagens or gonadotro-
pin-releasing hormone antagonists are also being inves-
tigated 5”70

ABUSE OF ANDROGENS
Epidemiology and Patterns of Use

The observation that androgens promote nitrogen re-
tention and muscle mass led to their use to improve phys-
ical performance as early as the 1940s, and by the 1950s
they were being used by weight lifters.”! Androgens are
now widely used by professional and recreational ath-
letes, weight lifters and bodybuilders, and nonathletes
wishing to enhance their appearance. In a recent survey
of over 30,000 randomly selected persons, among those
over 12 years of age, 0.9 percent of the male respondents
and 0.1 percent of the female respondents had taken an-
abolic steroids at some time.”> The authors estimated
that there are more than 1 million current or former ster-
oid users in the United States and that more than 300,000
persons used these steroids in the year of the survey.
In addition, the use of androgens has become popular
among adolescents. In another survey,” 7 percent of male
high-school seniors reported having used anabolic ster-
oids, and the majority of these boys started at or before
the age of 16. Clearly, misuse of androgens has become
a problem of extensive proportions.

Although the exact compounds and the pattern of
administration vary among geographic regions and ac-
tivities, typical androgen-containing regimens among
athletes differ markedly from the regimens used clini-
cally. Whereas the clinical regimens consist of a fixed
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dose of an androgen compound given at regular inter-
vals on a continuous basis, regimens that are popular
among athletes usually consist of several androgens tak-
en intermittently and in progressively higher doses. An-
drogens may be taken for periods of 4 to 18 weeks at a
time, followed by a drug-free period as short as a month
or as long as a year.”* Often, several agents are used at
once (“stacking”); they are frequently initiated at low
doses, which are progressively increased over a period
of several weeks.”>’® The regimens may include testos-
terone esters, as well as androgens with very limited clin-
ical indications (e.g., stanozolol and nandrolone) and
those approved only for veterinary use.” These andro-
gens are almost invariably taken in large doses, up to
100 times the doses used for replacement therapy.’’® Be-
cause of the increased use of urine testing at athletic
events, androgens that are difficult to detect in urine
or are metabolized and excreted in a few days (partic-
ularly stanozolol and testosterone) have become popular
among athletes.”

When urine is tested for androgen use, the ratio of
testosterone to epitestosterone (an inactive metabolite
of testosterone secreted largely from the gonads, with
little production from the peripheral metabolism of tes-
tosterone) is often measured. The normal ratio is ap-

Table 2. Causes of Hypogonadism.

Primary (hypergonadotropic) hypogonadism
Gonadal defects
Genetic defect
Klinefelter’s syndrome
Myotonic dystrophy
Polyglandular autoimmune disease
Other genetic syndromes
Anatomical defect (including castration)
Defect caused by toxins
Drugs (cytotoxins and spironolactone)
Radiation
Alcohol
Viral orchitis (mumps most common)
Hormone resistance
Androgen insensitivity
Luteinizing hormone insensitivity

Secondary (hypogonadotropic) hypogonadism

Organic causes
Panhypopituitarism
Idiopathic
Pituitary or hypothalamic tumor
Miscellaneous
Granulomatous disease
Vasculitis
Hemochromatosis
Infarction
Trauma
Hyperprolactinemia
Isolated gonadotropin deficiency
Kallmann’s syndrome and variants
Idiopathic hypothalamic hypogonadism
Isolated deficiency of luteinizing hormone or
follicle-stimulating hormone
Genetic disorder
Prader—Willi syndrome
Laurence—Moon-Biedl syndrome
Systemic disorder
Chronic disease
Nutritional deficiency or starvation
Massive obesity
Drugs
Glucocorticoids
Constitutional cause (delayed puberty)

Downloaded from www.nejm.org by LUIZ A. NASI on February 14, 2005 .
Copyright © 1996 Massachusetts Medical Society. All rights reserved.



712 THE NEW ENGLAND JOURNAL OF MEDICINE

proximately 1:1 in men and women.”” When exogenous
testosterone is administered, however, the testosterone:
epitestosterone ratio increases, and a ratio of more than
6:1 is often considered indicative of steroid abuse.””

Effects on Strength and Performance

The secrecy that surrounds the use of androgens to
enhance performance makes it difficult to investigate
their effects on strength and performance in an objec-
tive and controlled manner. Many of the published stud-
ies are flawed because of small numbers of subjects,
lack of control groups, wide variations in the base-line
characteristics of the subjects, variations in the training
regimens, or differences in the measures used to assess
the outcome. Even studies that control for as many var-
iables as possible are hampered by the difficulties of
conducting a blinded trial and designing a measure of
the outcome that is independent of individual effort.

In a review of this subject, Elashoff et al.”® concluded
that previously trained athletes had a slightly greater
increase in muscle strength after a trial of androgens
than did previously untrained persons. However, the in-
vestigators were unable to draw conclusions about the
effects of androgens on performance itself. Because
simple steroid regimens were used in the studies ana-
lyzed, the conclusions cannot be extrapolated to the
complex regimens used by many athletes. These find-
ings are in accordance with the conclusion of the Amer-
ican College of Sports Medicine that in some athletes,
the use of androgens can increase the “gains in muscular
strength achieved through high-intensity exercise and
proper diet” but that androgens do not increase aerobic
capacity.”

COMPLICATIONS AND SIDE EFFECTS

The undesired effects of androgens depend on both
the type and dose administered. In general, replace-
ment doses and the use of testosterone esters are asso-
ciated with fewer complications than is the use of alky-
lated androgens, particularly at the high doses of
alkylated androgens that are used by many athletes and
bodybuilders.

Side Effects during Androgen Replacement

The side effects of androgen replacement are essen-
tially the physiologic androgenic and estrogenic actions
of androgens. The accumulation of lean body mass and
fluid retention generally cause weight gain. Acne is
common in adolescents and young men. Since testoster-
one can be aromatized to estradiol in peripheral tissues,
it occasionally induces mild gynecomastia, most com-
monly in adolescents. Other than reassurance, no spe-
cific intervention is required for gynecomastia in puber-
tal adolescents or in older men undergoing pubertal
maturation for the first time.

Sleep apnea occasionally develops or worsens during
androgen-replacement therapy,® and erythrocytosis may
also occur. Asking about symptoms of sleep apnea and
checking the hematocrit annually are appropriate in
treating middle-aged and older men. Because all alkylat-
ed androgens lower plasma HDL cholesterol concen-
trations,*** plasma lipid concentrations should be mon-
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itored in men receiving these agents as replacement
therapy. The importance of the small decrease in plas-
ma HDL cholesterol concentrations associated with tes-
tosterone ester replacement is unknown.

Peliosis hepatis (hemorrhagic liver cysts) can occur
during treatment with alkylated androgens.® This very
serious complication appears to be unrelated to the dose
or the duration of treatment.?#* In some patients the le-
sions regress when the androgen is discontinued, but in
others the disorder progresses to liver failure.® For un-
known reasons, patients with Fanconi’s anemia seem to
be at increased risk for hepatic tumors during treatment
with alkylated androgens.® In contrast, testosterone es-
ter replacement rarely causes these lesions or other he-
patic disorders.

Complications and Side Effects of Supraphysiologic Doses
of Androgens

Because of the secrecy surrounding the use of high
doses of androgens, few data are available on the rela-
tion of adverse effects to the doses or compounds used.
In addition, whereas some effects are due to androgenic
or estrogenic actions, others may be due to the toxic
(nonhormonal) effects of the androgen or its metabolite
(or metabolites), especially when the dose is very large.

Acne, decreased testicular size, and azoospermia are
common in men who take supraphysiologic doses of an-
drogens; these effects may persist for months after the
use of the agents has ceased.”* In women, high doses of
androgens can induce changes ranging from acne and
hirsutism to amenorrhea and frank virilization.

Alkylated androgens at high doses can cause hepato-
cellular and intrahepatic cholestasis that occasionally
results in severe jaundice and hepatic failure.®#? Pelio-
sis hepatis, hepatocellular adenoma, and carcinoma may
also result from the use of these compounds.®

Supraphysiologic doses of androgens may have ad-
verse effects on the vascular system. Alkylated andro-
gens lower plasma HDL cholesterol concentrations sub-
stantially, particularly HDL,,**! and may increase
plasma LDL cholesterol concentrations.**? Low plasma
HDL cholesterol concentrations may increase the risk
of cardiovascular disease®'; one weight lifter using an-
drogens, who was 22 years old, had a myocardial in-
farction,® and another, who was 34 years old, had a
stroke.® In addition, platelet counts and platelet aggre-
gation may be increased in weight lifters taking andro-
gens, especially in men older than 22 years.?’

The behavioral effects of anabolic—androgenic ster-
oids have received much attention. Increased or decreased
libido, increased aggression, and a variety of psychotic
symptoms have been described.®%% Physical and psy-
chological dependence on these steroids, as well as
withdrawal syndromes, has also been reported.”*! It is
not possible to determine whether these behavioral symp-
toms result from the types or doses of compounds used
or from underlying behavioral disturbances unrelated
to steroid abuse.

CONCLUSIONS

Androgens are required for normal sexual differenti-
ation, growth and development, and the maintenance

Downloaded from www.nejm.org by LUIZ A. NASI on February 14, 2005 .
Copyright © 1996 Massachusetts Medical Society. All rights reserved.



Vol

. 334

No. 11

of secondary sexual characteristics in men. Androgen
deficiency may have serious consequences in men, and
this condition requires diagnosis and appropriate treat-
ment. When administered properly, androgens are safe.
When administered inappropriately or abused, howev-
er, they may cause considerable harm. These compounds
are commonly used in our society, and physicians should
be aware of their physiologic effects.
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