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ABSTRACT
BROWN, G. A., M. VUKOVICH, and D. S. KING. Testosterone Prohormone Supplements. Med. Sci. Sports Exerc., Vol. 38, No. 8,
pp. 1451–1461, 2006. Testosterone prohormones such as androstenedione, androstenediol, and dehydroepiandrosterone (DHEA) have
been heavily marketed as testosterone-enhancing and muscle-building nutritional supplements for the past decade. Concerns over the
safety of prohormone supplement use prompted the United States Food and Drug Administration to call for a ban on androstenedione
sales, and Congress passed the Anabolic Steroid Control Act of 2004, which classifies androstenedione and 17 other steroids as
controlled substances. As of January 2005, these substances cannot be sold without prescription. Here, we summarize the current
scientific knowledge regarding the efficacy and safety of prohormone supplementation in humans. We focus primarily on
androstenedione, but we also discuss DHEA, androstenediol, 19-nor androstenedione, and 19-nor androstenediol supplements.
Contrary to marketing claims, research to date indicates that the use of prohormone nutritional supplements (DHEA, androstenedione,
androstenediol, and other steroid hormone supplements) does not produce either anabolic or ergogenic effects in men. Moreover, the
use of prohormone nutritional supplements may raise the risk for negative health consequences. Key Words: ANDROSTENEDIONE,
ANDROSTENEDIOL, DHEA, NUTRITIONAL SUPPLEMENTS, TESTOSTERONE, ESTRADIOL
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these compounds were not classified as anabolic steroids
and could be purchased legally as dietary supplements.
Recently, concerns over the safety of androstenedione use
prompted the United States Food and Drug Administration
to ban androstenedione sales and request that Congress
classify androstenedione as a controlled substance (62).
The Anabolic Steroid Control Act of 2004 (21 USCS
Section 802, amended) amended the original act, redefining anabolic steroids as ‘‘Iany drug or hormonal substance, chemically and pharmacologically related to
testosterone (other than estrogens, progestins, corticosteroids, and dehydroepiandrosterone)I’’ Thus, a compound
can now be classified as an anabolic steroid despite having
no demonstrable anabolic effect. This act classifies
androstenedione and 17 other steroids as controlled substances. As of January 2005, these substances cannot be
sold without prescription.
Given the stated concerns over the safety and efficacy of
androstenedione use, a review of the current state of
scientific knowledge regarding androstenedione use is
appropriate. This review focuses primarily on the safety
and efficacy of androstenedione but also discusses DHEA,
androstenediol, 19-nor androstenedione, and 19-nor
androstenediol supplements.

ehydroepiandrosterone (DHEA), androstenedione,
androstenediol, and similar testosterone precursor
steroid hormones are marketed as prohormone
nutritional supplements (frequently referred to as ‘‘andro’’
supplements). Proponents allege that these supplements are
converted to testosterone or testosterone analogs and
augment the adaptations to resistance training. In 1998,
the use of androstenedione by Mark McGwire, who at the
time was the home run record holder in Major League
Baseball, stimulated extensive media attention and dramatically increased the sales of androstenedione (18,72). At
that time, however, the safety and efficacy of prohormone
supplements as ergogenic aids was largely unknown.
The Anabolic Steroid Control Act of 1990 (21 USCS
Section 802) defined anabolic steroids as ‘‘Iany drug or
hormonal substance that promotes muscle growth in a
manner pharmacologically similar to testosteroneI’’
Because the efficacy of androstenedione and related
compounds in promoting muscle growth was unknown,

Address for correspondence: Douglas S. King, Department of Health and
Human Performance, 248 Forker Building, Iowa State University, Ames,
Iowa 50011; E-mail: dsking@iastate.edu.
Submitted for publication June 2005.
Accepted for publication March 2006.

SECRETION AND INTERCONVERSION OF
ANDROGENIC PROHORMONES

0195-9131/06/3808-1451/0
MEDICINE & SCIENCE IN SPORTS & EXERCISEÒ
Copyright Ó 2006 by the American College of Sports Medicine

Steroid hormones are synthesized from cholesterol (Fig. 1)
and contain 17–21 carbon atoms connected in four rings of
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FIGURE 1—Interconversions of testosterone precursors, testosterone,
estrogens, and inactive steroid hormones. A, cholesterol side chain
cleavage; B, 17> hydroxylase; C, 17,20 lyase; D, 3A hydroxysteroid
dehydrogenase type 1; E, DHEA sulfotransferase; F, 3A hydroxysteroid dehydrogenase; G, 16> hydroxylase; H, P450 aromatase; I, 5>
reductase; J, 17 A-hydroxysteroid dehydrogenase.

five to six carbon atoms, with a few carbon atoms projecting
from the cyclopentanoperhydrophenanthrene nucleus. Based
on International Union of Pure and Applied Chemistry and
International Union of Biochemistry and Molecular Biology
standards, steroid hormones are given systematic names
based on the position of the carbon atoms relative to the nucleus, as well as being given stereoisomer names if the
groups are bound to asymmetric carbon atoms below the
plane of the bond (>) or above the plane (A). Additionally,
steroid hormones are given their class names based on their
activity, such as estrogens, which maintain the size and
function of the female reproductive tract, whereas androgens
maintain the size and function of the male reproductive
tract. The prohormones androstenedione, androstenediol,
and DHEA are considered to be androgens only to the
extent that they can be converted to the more potent and
physiologically significant steroid hormones testosterone
and dihydrotestosterone (DHT).
Dehydroepiandrosterone (3A-hydroxy-5-androsten-17one; DHEA) is formed from 17-hydroxypregnenolone and
serves as a precursor to androgens and estrogens. The
normal male produces 15 mgIdj1 DHEA and has a normal
serum DHEA concentration of 7–31 nmolILj1 (49).
Secreted from the adrenal cortex, DHEA can be converted
in vivo to many different hormones, including testosterone,
androstenedione, androstenediol, or estradiol (30). Because
of its precursor function and its conversion to other
hormones, DHEA has been advertised as a ‘‘master
hormone’’ capable of many benefits, including memory
enhancement, libido restoration, ergogenic aid, diabetes
prevention, and weight loss.
Androstenedione (androst-4-ene-3, 17-dione) is a steroid
hormone formed from 17-hydroxyprogesterone or from
DHEA. The normal male synthesizes approximately 1.4
mgIdj1 of androstenedione and has a serum androstenedione concentration of approximately 3–10 nmolILj1 (32).
Androstenedione is secreted primarily from the adrenal
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gland and is converted to testosterone through the action of
17A hydroxysteroid dehydrogenase (17AHSD) (41), estrogens through aromatase (52), or DHT through 5> reductase
(46). These conversions occur primarily in skeletal muscle,
adipose tissue, skin, and the prostate gland (30).
Androstenediol (4-androstene-3A, 17A-diol) is similar to
androstenedione in that it is formed from DHEA, secreted
from the adrenal gland, and converted to estrogens through
aromatase (52), or DHT through 5> reductase (46).
Conversion of androstenediol to testosterone, however, is
via the action of 3A hydroxysteroid dehydrogenase
(3AHSD) (33). These conversions also occur primarily in
skeletal muscle, adipose tissue, skin, and the prostate gland
(30). Normal secretion rates and serum concentrations for
androstenediol in humans have not been established.
In addition to androstenedione and androstenediol, there
are other similar prohormones, such as 19-nor androstenedione and 19-nor androstenediol, which are chemically
identical to androstenedione and androstenediol, except
that these substances lack a carbon atom in the 19th
position of the molecule (63,64); these prohormones are
marketed as ergogenic aids that are converted to testosterone or testosterone analogs. Indeed, the Drug Enforcement Agency indicates that at least 10 different ‘‘andro’’
prohormones are marketed as nutritional supplements (25).

EFFECTS OF PROHORMONE
SUPPLEMENTATION
Acute Effects of Androstenedione Intake in Men
Serum androstenedione concentrations. In men,
serum androstenedione concentrations are increased up to
sevenfold above baseline and remain elevated for > 6 h after
ingesting 100–300 mg of androstenedione (4,16,24,39,44,55),
indicating that a considerable amount of the ingested
androstenedione escapes hepatic catabolism. Interestingly,
Beckham and Earnest (4) observed that the acute serum
androstenedione response to ingesting 200 mg of androstenedione is markedly attenuated after 28 d of androstenedione ingestion, suggesting that chronic intake of
androstenedione results in either reduced absorption,
enhanced clearance, or enhanced catabolism of the ingested
androstenedione with prolonged androstenedione intake.
Serum testosterone concentrations. One of the
primary marketing claims for androstenedione, based on a
German patent application (31), is that 50 mg of androstenedione increases serum testosterone concentrations by
40–83% within 15 min of intake, whereas 100 mg increases
serum testosterone by 111–237%. These claims, however,
have been invalidated by numerous scientific investigations.
In the first systematic investigation on the effects of
androstenedione ingestion in men (aged 19–29 yr; mean =
23 yr), a single 100-mg dose of androstenedione did not
increase serum free or total testosterone concentrations
during the 6 h after intake (39). Others have also reported
that serum testosterone concentrations are not increased in
http://www.acsm-msse.org
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men aged 20–40 yr after ingesting 100 mg of androstenedione (Fig. 2) (2,16,44,55).
Although 100 mg of androstenedione is the dose
frequently suggested by manufacturers, it is likely that
athletes are using much larger doses. Earnest et al. (24)
reported that 200 mg of androstenedione in men aged
approximately 24 yr increases (P G 0.05) the serum
testosterone area under the curve by approximately 15%
during the 90 min after ingestion. The serum testosterone
concentrations in this investigation, however, were not
significantly higher at any time point following ingestion
of androstenedione. It appears that the values reported for
the area under the curve apparently included the area
attributable to baseline serum testosterone concentrations,
which were slightly higher in the group of subjects ingesting
androstenedione. Furthermore, those investigators (4) later
reported that a 200-mg dose of androstenedione does not
acutely raise serum testosterone concentrations in men.
Leder et al. (44) observed that a single 300-mg dose of
androstenedione increased (P G 0.05) serum testosterone
concentrations by approximately 34% during the 8 h after
intake in men aged 20–40 yr. Considerable variations were
seen in these data, however, and two subjects exhibited large
increases in serum testosterone (33 nmolILj1) after intake of
300 mg of androstenedione (Fig. 2), whereas the remaining
12 men had only a very small increase in serum testosterone.
The causative factors determining why some people are
androstenedione ‘‘responders’’ and some ‘‘nonresponders’’

FIGURE 2—Dose–response effects of androstenedione ingestion on
serum testosterone concentrations in men. The horizontal lines
represent the mean baseline and peak hormone levels. Two additional
men who received the 300-mgIdj1 dosage had serum testosterone
levels above the upper limit of normal on day 1. To convert values for
testosterone to nanomoles per liter, multiply by 0.0347. Asterisk
indicates P G 0.001 vs baseline by the paired t-test. Reprinted with
permission from Leder, B. Z., C. Longcope, D. H. Catlin, B. Ahrens,
D. A. Schoenfeld, and J. S. Finkelstein. Oral androstenedione
administration and serum testosterone concentrations in young men.
JAMA 283:779–782, 2000. Copyright Ó 2000 American Medical
Association. All rights reserved.
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have not been characterized. A possible explanation for the
phenomenon of responders and nonresponders to androstenedione intake may be reduced hepatic uptake and
clearance of the supplement in responders, which allows
for greater peripheral conversion of androstenedione to
testosterone; however, this has not been investigated. Body
composition may influence the hormonal response to
androstenedione intake because excess adipose tissue
enhances aromatase activity (26). However, we have
observed that body fatness is not correlated to the androgen
or estrogen response to androstenedione intake in young
men (16,39). Finally, we have observed that men > 30 yr
exhibit a greater testosterone response to androstenedione
than do younger men (13,14,16,39), indicating that age and
basal serum testosterone concentrations may influence the
response to androstenedione intake. Further research to
identify factors that influence the hormonal response to
androstenedione intake is warranted.
Serum estradiol concentrations. In men, androstenedione intake acutely increases serum estradiol concentrations in a dose-dependent manner (16,39,44). For
example, Leder et al. (44) observed a 42% increase (from
15 pmolILj1 at baseline to a peak of 23 pmolILj1) in the
serum estradiol area under the curve during the 8 h after
intake of 100 mg of androstenedione and a 128% increase
(peaking at 27 pmolILj1) after intake of 300 mg of
androstenedione (Fig. 3). Although these were large
increases in serum estradiol concentrations, they remained
within the normal physiological range. Interestingly,
Ballantyne et al. (2) observed that serum estradiol
concentrations are elevated after resistance exercise only in
a supplemented state. This finding suggests that physical
activity may enhance aromatase activity or the increased
peripheral blood flow because physical activity delivers
more substrate to the tissues containing aromatase.
Serum gonadotropin concentrations. Cybernetics
is the study of the communication and control of regulatory
feedback in systems. The endocrine system is regulated
through a complex series of negative and positive feedback
and feed-forward processes, through which a change in the
plasma concentration of one hormone may alter production
of the same or other hormones by inhibiting or stimulating
hormone-producing enzymes and secretion of hormones
from a target gland. For instance, elevations in serum
testosterone concentrations can result in decreased
hypothalamic section of gonadotropin-releasing hormones,
which can reduce pituitary secretion of the gonadotropinluteinizing hormone (LH) and follicle-stimulating hormone
(FSH) (6) and result in reduced testicular spermatogenesis
and testosterone formation (30). The use of testosterone
precursors and the concomitant increases in the plasma
concentrations of these weak androgens may, in theory,
provide negative feedback to the hypothalamic–pituitary–
adrenal–testicular axis. Furthermore, increased plasma
concentrations of weak androgens may inhibit steroidogenic enzymes, altering not only androgen, but also
estrogen formation and secretion (54). These changes
may have a negative influence on spermatogenesis and
Medicine & Science in Sports & Exercised
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FIGURE 3—Dose–response effects of androstenedione ingestion on
serum estradiol concentrations in men. Reprinted with permission
from Leder, B. Z., C. Longcope, D. H. Catlin, B. Ahrens, D. A.
Schoenfeld, and J. S. Finkelstein. Oral androstenedione administration and serum testosterone concentrations in young men. JAMA
283:779–782, 2000. Copyright Ó 2000 American Medical Association.
All rights reserved.

the plasma concentration of the more physiologically
potent hormone testosterone.
The effects of androstenedione intake on spermatogenesis and reproductive function have not been investigated. Ballantyne et al. (2) reported that ingesting 100 mg
of androstenedione caused an 70% increase in serum
LH concentrations, which would stimulate hypothalamic–
pituitary–adrenal–testicular function. These results are difficult to explain because there was no concomitant increase in
serum testosterone. However, the majority of studies indicate
that serum LH (16,39,55) and FSH concentrations (16,39) do
not change following androstenedione intake, suggesting that
no negative or positive feedback occurs to the hypothalamic–
pituitary–adrenal–testicular regulation of testosterone production with the doses of androstenedione studied.
Other hormones. Together, the studies clearly show
that doses G 300 mg of androstenedione do not acutely
increase serum testosterone concentrations in men 20–
40 yr of age (2,4,9,16,24,39,44,55), and that doses > 300 mg
of androstenedione may increase serum testosterone
concentrations only in certain individuals (34,44). These
findings are in agreement with those suggesting that the
primary fate of ingested androstenedione is conversion to
inactive substances such as conjugated testosterone,
androsterone, and etiocholanolone (21,42). Indeed, as
much as 89% of orally administered androstenedione may
be catabolized into inactive substances before it can enter
the peripheral circulation (32), and 98% of testosterone
formed from orally ingested androstenedione undergoes
hepatic breakdown (32), suggesting that either very large
doses, or modes of delivery that bypass digestion and
hepatic filtration, are necessary for androstenedione intake
to increase serum testosterone concentrations.
1454
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The preferential conversion of androstenedione to estrogens and DHT is not surprising because the characteristics
of the enzymes involved in the interconversion of androstenedione favor the formation of these hormones. The
Michaelis constant for the aromatization of androstenedione (Km = 25 nmolILj1) (26) favors the production of
estrogens compared with the 17AHSD conversion of androstenedione to testosterone (Km = 1500 nmolILj1) (54). The
enzyme kinetics for 5>-reductase (Km = 180 nmolILj1)
also favor the conversion of androstenedione to DHT (68).
These data suggest that, although larger doses of androstenedione may increase serum testosterone concentrations,
still larger increases would occur in serum estrogens
and DHT.
Androstenedione intake with herbal enzyme
inhibitors. Because of the numerous fates of ingested
androstenedione, and the finding that androstenedione
does not increase serum testosterone concentrations,
formulations have been made with the intent of limiting
the fate of ingested androstenedione to testosterone by
including herbal extracts that inhibit aromatase and 5>
reductase. Therefore, we studied the effect of the intake of
100 mg of androstenedione combined with 50 mg of
DHEA, 180 mg of saw palmetto extract, 100 mg of indole3-carbinol, 310 mg of chrysin, and 250 mg of Tribulus
terrestris, a formulation intended to block aromatase, and
5> reductase, thus trapping androstenedione into the 17A
HSD pathway. This formulation did not increase serumfree and total testosterone concentrations for 6 h after
intake (16), indicating that herbal extracts do not alter the
fate of ingested androstenedione.
Effects of Chronic Androstenedione Intake in Men
Serum testosterone concentrations. Prolonged
ingestion of androstenedione in doses of 50 mg b.i.d. for
12 wk (67), 100 mg q.d. for 1 wk (44), 100 mg b.i.d. for 12
wk (9), 200 mg q.d. for 4 wk (4), 100 mg t.i.d. for 4 (13,14)
or 8 wk (16,39), or 300 mg q.d. for 1 wk (44) does not
increase serum total testosterone concentrations in men.
We have observed, however, that ingesting 100 mg of
androstenedione t.i.d. for 28 d increases serum-free
testosterone concentrations by 40% in 28 older (30–59 yr;
mean = 42 T 1.6 yr) men (13,14) (Fig. 4), and the increases
in free testosterone were related to basal serum-free testosterone concentrations. Serum-free testosterone concentrations decline in men 1.2%Iyrj1 after age 30 (29). The older
subjects (30–59 yr; mean = 42 T 1.6 yr) who exhibited
increased serum-free testosterone concentrations in response to androstenedione intake (13,14) had lower free
testosterone concentrations than did the younger subjects
(19–29 yr; mean = 23 T 0.8 yr) who did not exhibit changes
in serum-free testosterone concentrations (16,39). Together,
these data indicate that basal serum testosterone concentrations influence the effects of androstenedione ingestion. Supporting this hypothesis, Jasuja et al. (34) reported nearly
twofold increases in serum testosterone concentrations in
hypogonadal men during 12 wk of ingesting androstenedione
http://www.acsm-msse.org
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(1500 mgIdj1). Together, these findings suggest that androstenedione ingestion can promote increases in serum-free
testosterone concentrations only in men with low serum-free
testosterone concentrations. Alternatively, the elevated serumfree testosterone concentrations may be caused by reduced
sex hormone–binding globulin (SHBG) concentrations
(34,44), which may result in an uncoupling of SHBG from
testosterone to bind to the other steroid hormones.
Serum estrogens and DHT. Although prolonged
androstenedione intake in men does not uniformly increase
serum testosterone concentrations, serum estrogen concentrations are increased by prolonged androstenedione intake
(9,13,14,16,39,44). Ingesting androstenedione also increases
serum DHT concentrations in men (13,14). The significant
elevations in serum estradiol and DHT with prolonged
androstenedione intake in men are in agreement with the
previously mentioned observations that the enzymatic
activities (e.g., Km) of aromatase (26) and 5>-reductase
(68) favor converting androstenedione to estradiol and DHT,
respectively, rather than to testosterone.
Androstenedione intake and resistance training.
Only a few studies have examined the effects of androstenedione ingestion on the adaptations to resistance
training. Taking 50 mg b.i.d. for 12 wk in trained men

FIGURE 4—Serum-free testosterone concentrations during 4 wk of
androstenedione supplementation in men 30–56 yr of age. * Significantly different from week 0 (main group effect, P G 0.05). † Those
50 yr of age differ from those 30 yr of age (main effect, P G 0.05).
Reprinted with permission from Brown, G. A., M. D. Vukovich, E. R.
Martini, et al. Endocrine responses to chronic androstenedione intake
in 30- to 56-year-old men. J. Clin. Endocrinol. Metab. 85:4074–4080,
2000. Copyright Ó 2000 The Endocrine Society. All rights reserved.
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FIGURE 5—Lean body mass before and after 8 wk of resistance
training combined with androstenedione (100 mg t.i.d.) or placebo
supplementation. Supplements were administered during weeks 1–2,
4–5, and 7–8. Data are means T SE for N = 10. * Significantly different
from before resistance training (main effect; P G 0.05). Reprinted with
permission from King, D. S., R. L. Sharp, M. D. Vukovich, et al. Effect
of oral androstenedione on serum testosterone and adaptations to
resistance training in young men: a randomized controlled trial.
JAMA 281:2020–2028, 1999. Copyright Ó 1999 American Medical
Association. All rights reserved.

aged 40–60 yr (67), 100 mg b.i.d. for 12 wk in untrained
men aged 35–65 yr (9), or 100 mg t.i.d. for 8 wk in
untrained men aged 19–29 yr (16,39) does not augment the
changes in muscle strength, muscle mass, muscle fiber
size, or loss of body fat (Fig. 5) observed with strength
training. For example, in untrained young (22.6 T 0.8 yr)
men, we (39) observed a mean increase of 31% in 1RM
with exercise in both placebo and androstenedione groups,
whereas we (16) observed a mean increase of 31% in the
placebo group and a 26% increase in the group ingesting a
supplement containing daily doses of 300 mg of
androstenedione, 150 mg of DHEA, 750 mg of tribulus
terrestris, 625 mg of chrysin, 300 mg of indole-3-carbinol,
and 540 mg of saw palmetto. Rasmussen et al. (55)
reported that in vivo muscle protein synthesis is not
increased (Fig. 6) by androstenedione intake despite an
approximately 700% increase in serum androstenedione
concentrations, which further demonstrates that
androstenedione intake does not increase muscle strength
or size.
In contrast to the previously mentioned studies demonstrating that ingestion of androstenedione in doses of
50–300 mgIdj1 in normal men is not anabolic, Jasuja
et al. (34) recently observed that ingesting a 1500-mgIdj1
dose of androstenedione for 12 wk in hypogonadal men
increased fat-free mass by 6%, muscle strength in bench
press by 9%, and serum testosterone concentrations from 4
to 9 nmolILj1. In comparison, 10 wk of 100 mgIwkj1
testosterone enanthate in hypogonadal men increased
serum testosterone from 2.5 to 17.7 nmolILj1, fat-fee mass
by 9%, and bench press strength by 22% (7). Finally,
resistance training alone for 10 wk would be expected to
increase lean body mass by 3% and bench press strength by
Medicine & Science in Sports & Exercised
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FIGURE 6—Muscle protein fractional synthetic rates of control and
androstenedione treatment groups. Subjects were studied twice in the
postabsorptive resting state. Pre, initial study; post, second study (5 d
after ingestion of 100 mgIdj1 androstenedione for the androstenedione
treatment group). No differences were detected between the control
group and the treatment group or between pre and post values.
Reprinted with permission from Rasmussen, B. B., E. Volpi, D. C.
Gore, et al. Androstenedione does not stimulate muscle protein anabolism in young healthy men. J. Clin. Endocrinol. Metab. 85:55–59,
2000. Copyright Ó 2000 The Endocrine Society. All rights reserved.

9% (6). Therefore, although androstenedione may provide
some remediation for the loss of strength and muscle mass
in hypogonadal men, the anabolic effects of androstenedione intake are much less than those of testosterone
supplementation and only slightly higher than those
achieved with resistance exercise alone.
Androstenedione and muscle growth. Vierck
et al. (65) observed that cells incubated in androstenedione
concentrations of 1.75 pmolILj1 to 1.75 KmolILj1 do not
exhibit increased satellite cell proliferation or differentiation, suggesting that androstenedione does not
promote growth in muscle cells. Increased satellite cell
proliferation or differentiation, however, is only one of the
several possible pathways that stimulate muscle growth
(56). Conversely, Jasuja et al. (34) have recently reported that
androstenedione concentrations of 10 nM to 100 KmolILj1
binds to the androgen receptor, induces androgen receptor
nuclear translocation, and increases muscle cell MHCII
myotube area and upregulation of MyoD protein in vitro,
suggesting that androstenedione promotes muscle cell
growth. Because the normal serum androstenedione concentration in men is 3–10 nmolILj1 (29), and serum androstenedione concentrations with androstenedione intake have
been reported as high as 70 nmolILj1 (55), it is possible,
although not demonstrated in vivo, that androstenedione
may promote myogenesis.
Acute Effects of Androstenediol Intake in Men
Serum testosterone concentrations. Although it
has been reported that 15% of androstenediol (compared
with 5% of androstenedione) is converted to testosterone
in vitro (8), serum testosterone concentrations were not
changed within 90 min after ingesting 200 mg of androstenediol in young (23 yr) men (24). Although serum
1456
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testosterone concentrations were not changed in the 90 min
after oral intake of 200 mg of androstenedione or
androstenediol (24), we have observed (11) that sublingual
administration of 21.4 mg of androstenediol combined with
3.7 mg of androstenedione causes a 110% increase in
serum testosterone 1 h after intake, and serum testosterone
concentrations remain 40% above baseline 3 h after intake.
These findings are consistent with the findings that digestion
and hepatic breakdown remove most of an ingested androgen
(32) because sublingual delivery bypasses digestion and
hepatic metabolism. Although the sublingual androstenediol
product we investigated contained both androstenediol
(21.4 mg per tablet) and androstenedione (3.7 mg per tablet),
the increased serum testosterone concentrations likely resulted
from the androstenediol contained in the tablet because the
serum testosterone concentrations were significantly elevated
at 30 min after intake, whereas serum androstenedione concentrations were not elevated at this time. Furthermore, we
have observed that increases in serum androstenedione concentrations of a magnitude greater than those observed following use of the sublingual androstenediol do not increase
serum testosterone concentrations in men (16,39). Although it
may be tempting to suggest that sublingual androstenediol
increases serum testosterone concentrations, whereas
sublingual androstenedione does not, the use of sublingual
androstenedione has not been investigated.
Serum estradiol concentrations. Advertisements
claim that androstenediol is not converted to estrogens. We
have observed, however, that serum estradiol concentrations
are acutely elevated 80% by a 21.4-mg dose of sublingual
androstenediol (11). Therefore, it appears that use of
androstenediol increases serum estrogen concentrations.

Chronic Effects of Androstenediol Intake in Men
Endocrine effects. To date, only two published reports
have appeared on the endocrine responses to prolonged androstenediol intake. Broeder et al. (9) observed that 100 mg
of androstenediol b.i.d. for 12 wk did not alter serum
testosterone concentrations but did increase serum estradiol
concentrations. We have observed that when men 30–59 yr
of age ingest a product designed to prevent conversion of
androstenediol to estradiol or DHT containing 300 mg of
androstenediol, 480 mg of saw palmetto, 450 mg of indole3-carbinol, 300 mg of chrysin, 1500 mg of gammalinolenic acid, and 1350 mg of Tribulus terrestris per day
for 28 d, serum total testosterone concentrations did not
increase, whereas serum-free testosterone was elevated
37%, serum estradiol was elevated 86%, and serum DHT
was elevated 57% (15). These findings are similar to those
observed with 100-mg t.i.d. androstenedione intake
(13,14), suggesting that the serum testosterone, estradiol,
and DHT responses to oral androstenediol intake do not
differ from those of androstenedione.
Androstenediol and resistance training. To date,
only one study has examined the effects of androstenediol
intake on the adaptations to resistance training. Broeder
http://www.acsm-msse.org
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et al. (9) reported no difference in the adaptations to
resistance training (e.g., increased muscular strength and
muscle mass, reduction of fat mass) in men aged 35–65 yr
who ingested 100 mg of androstenediol b.i.d. or placebo
during 12 wk of high-intensity resistance training. Although more studies are needed to confirm these findings,
the similar endocrine responses in initial studies to androstenediol and androstenedione (e.g., no change in serum
testosterone concentrations and similar magnitude of elevation in estradiol concentrations) suggest that androstenediol does not possess anabolic properties.

Acute Effects of DHEA in Men
In men aged 20–70 yr, ingestion of 50–100 mg of DHEA
increases serum DHEA from normal concentrations of 7–
31 nmolILj1 and DHEA-S from normal concentrations of
2–10 KmolILj1 up to sevenfold and increases serum
androstenedione concentrations approximately fourfold,
but serum testosterone and DHT concentrations are not
changed (1,17,49,50,71). In older men (50–70 yr), ingesting 50–100 mg of DHEA elevates serum estradiol concentrations by 24–39% to the upper normal physiological
range (1). Thus, ingestion of DHEA increases only weak
precursor hormones, with little to no increase in more
potent androgens or estrogens.

Chronic Responses to DHEA Intake in Men
Prolonged ingestion of DHEA in doses ranging from 50
to 1600 mgIdj1 in men aged 20–65 yr produces dosedependent increases in serum DHEA, DHEA-S, and
androstenedione. No concomitant increase is seen, however, in serum testosterone or DHT (17,49–51,53,71). In
men, the fate of ingested DHEA is unclear. Labrie et al. (40),
however, observed that a transdermal 20% DHEA solution
was converted primarily to biologically inactive steroids,
further indicating that DHEA intake does not promote
physiologically meaningful changes in men.
In an early study, ingested DHEA appeared to have great
potential as an ergogenic aid when Nestler et al. (53)
observed, in young men who consumed 1600 mgIdj1 DHEA
for 28 d, that body fat (measured using skinfolds) was
decreased by 31%. In contrast, Welle et al. (69) observed
that the intake of 1600 mgIdj1 DHEA for 4 wk did not alter
energy or protein metabolism, body weight, or two indices of
lean body mass (total body water and total body potassium),
suggesting that DHEA does not promote loss of body fat.
Wallace et al. (67) reported no differences in the gains in
strength or lean mass in older (48 yr), experienced male
weight lifters who ingested a placebo or 50 mg DHEA
b.i.d. We have observed, in young, novice weight lifters.
no differences occurring in the gains in strength or lean
mass to ingesting 50 mg of DHEA t.i.d. or placebo (17).
Together from these studies, it appears that DHEA does not
promote fat loss or muscle gain or augment adaptations to
resistance training in healthy men.
TESTOSTERONE PROHORMONE SUPPLEMENTS

Responses to Prohormone Intake in Women
Androstenedione intake in women. At least
200,000 women in the United States alone have used or
are using androstenedione (37). As in men, androstenedione
intake in women causes a large increase in serum
androstenedione concentrations (10,38,43). In contrast to
men, androstenedione intake in women increases serum
testosterone concentrations (3,10,38,43,48). The magnitude
of the effect of androstenedione intake on serum testosterone
concentrations in women is unclear because of very limited
research and discrepant findings. Mahesh and Greenblatt
(48) reported that serum testosterone concentrations were
increased 16 nmolILj1 1 h after intake of 100 mg of androstenedione. The small sample size (N = 2) and uncertain age
and reproductive status of the subjects, as well as the unknown purity of the ingested androstenedione, make
interpretation of these data problematic. We have observed
increases in serum testosterone of 4.3 and 8.2 nmolILj1
(from normal values of 1 nmolILj1) 1 h after intake of 100
and 300 mg of androstenedione, respectively, in young (22 yr)
women (10). Leder et al. (43) administered 50 and 100 mg
of androstenedione to older (47–64 yr) women and observed
that serum testosterone concentrations were increased by
2.1 and 3.5 nmolILj1 1 h after intake, respectively.
Recently, Kicman et al. (3,38) administered 100 mg of androstenedione to young women (20–32 yr) and observed a
very large (25 nmolILj1) increase in serum total testosterone 1 h after intake. Kicman et al. (38) used a formulation of androstenedione ground and triturated with
lactose to aid dispersion. Because this formulation resulted
in serum androstenedione levels approximately sixfold
higher than those observed by us (10) or Leder et al. (43),
the differences in the serum testosterone response in these
studies may be caused by the processing of the androstenedione. Although the magnitude of the increase in serum
testosterone concentrations observed in women remains
unclear, it is clear that ingesting androstenedione increases
serum testosterone concentrations in women.
In women, 50 and 100 mg of androstenedione intake does
not change serum estradiol concentrations (10,43), but a
significant, acute increase is seen in serum estradiol concentrations after intake of 300 mg of androstenedione (10).
These observations differ from those on men demonstrating
increased serum estradiol concentrations after 100–300 mg
of androstenedione (2,16,44,55). The tissue distribution and
activity of enzymes responsible for interconversions of
androgens and estrogens is different in male and female
primates (41). For example, the 17 AHSD activity for the
formation of testosterone from androstenedione is higher
in female rhesus monkeys for both skeletal muscle (37.8 vs
8.4 pmolImgj1Ihj1) and adrenal tissue (254.4 vs 124.2 pmolI
mgj1Ihj1) (41). These findings are consistent with the
increase in serum testosterone concentrations observed in
women and are in line with previous observations that
women rely more on the peripheral conversion of androstenedione to testosterone (32), whereas men rely primarily on the
aromatization of androgens for estrogen synthesis (47).
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Although no data exist on the effects of prolonged
androstenedione or androstenediol intake in women, the
change in the hormonal milieu resulting from prohormone
use in women may cause masculinizing effects along with
other negative changes in health, such as heart disease (60).
DHEA Intake in Women
In women, ingesting DHEA increases serum DHEA,
androstenedione, testosterone, and DHT concentrations for
8 h in a dose-dependent manner (48,51,71). For instance,
ingesting 50 mg of DHEA causes a peak increase in serum
testosterone 100% above baseline (71), whereas 400 mg of
DHEA increases serum testosterone by 236% (51). These
elevations in serum androgens are not accompanied by
elevations in serum estrogens (51,71), which is consistent
with the suggestion that DHEA is an important testosterone
precursor but not an important estrogen precursor in
women (45).
Chronic intake of DHEA in women increases serum
testosterone concentrations. Chronic DHEA intake is also
associated with insulin resistance, increased incidence of
acne, facial hair, and other symptoms of hirsuitism (49–51).
Other Prohormone Supplements
It is purported that 19-nor androstenediol and 19-nor
androstenedione convert to the potent anabolic steroid
nandrolone. A paucity of data is found on the hormonal
response to ingestion of the 19-nor testosterone prohormones. Van Gammeren et al. (63,64) observed that the
adaptations to resistance training are not augmented in
experienced weight lifters taking these prohormones in
doses of up to 334 mgIdj1, which suggests that the 19-nor
testosterone precursors do not cause a meaningful change
in the anabolic hormones in the body.

HEALTH RISKS OF PROHORMONE USE
The altered hormonal milieu caused by prohormone intake
(e.g., elevated serum androstenedione, estradiol, and DHT
concentrations) is similar to the hormonal milieu observed in
men with gynecomastia (5), prostate cancer (28), testicular
cancer (22), and pancreatic cancer (27). In addition, this hormonal profile is similar to the hormonal profile used experimentally to induce benign prostate hypertrophy in dogs (70).
No documented cases exist of these endocrine-related diseases caused by prohormone supplementation.
Prolonged ingestion of androstenedione or androstenediol
reduces HDL-C levels within 1 wk of use (9,13–16,34,39);
it is unknown how long recovery from this side effect takes.
Reduced high-density lipoprotein C (HDL-C) levels have
been associated with an increased risk for heart disease (59).
Although no documented cases exist of heart disease caused
by prohormone supplementation, reduced HDL-C levels are
associated with an increased risk of heart disease.
In rats, androstenedione has been found to hypertrophy the
areas of the brain that regulate aggression (66), suggesting
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that prolonged androstenedione use can have negative
psychological effects such as ‘‘roid rage’’. It has also been
speculated that intake of androstenedione in young people
can cause premature closure of the epiphyseal plates because
of its stimulatory effects on osteoblast activity (44), although
premature closure of the epiphyseal plates would likely be
caused by the conversion of androstenedione to estradiol
(19). Lastly, case studies indicate that androstenedione intake can cause priapism (35) and reproductive dysfunction
in males (57).
Although the use of prohormones may predispose the
user to the abovementioned negative health consequences,
use of androstenedione does not appear to alter liver
function, as indicated by unchanged serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase (LDH), glutathione (GSH), glutathione
S-transferase (GST), total microsomal P450, nuclear DNA
damage, and lipid peroxidation (8,13–17,23,39,58).

DETECTION OF PROHORMONE USE
Although it has been repeatedly demonstrated that
prohormone supplementation does not provide an ergogenic benefit, prohormones are widely used (37), and their
use is prohibited by numerous sports organization, including the National Football League and the International
Olympic Committee. Because detection of banned steroid
(e.g., androstenedione, androstenediol) use is one of the
primary deterrents, it is important to be able to accurately
detect the use of androstenedione and related compounds
in athletes. Currently, no well-accepted technique exists for
detecting prohormone supplement use.
The testosterone:epitestosterone (T:E) ratio is the standard technique used for detecting exogenous steroid use.
However, the T:E ratio is not a reliable indicator of
androstenedione use because some subjects experience T:E
ratios above the allowed threshold (61) and others do not
(12,20,21). Furthermore, many androgenic supplements are
contaminated with hormones, caffeine, ephedrine or other
banned substances not listed on the product label (20,36).
Although the sale of androstenedione has been banned,
effectively detecting and deterring prohormone use may be
problematic. Indeed, detecting and deterring prohormone
use may require the adoption of new testing procedures,
such as analysis of the carbon mass ratio or 6>-hydroxyandrostenedione (21).

FUTURE RESEARCH ISSUES
Although the current ban on prohormone sales as
nutritional supplements makes studying these compounds
difficult, there are still a number of issues regarding the
efficacy and safety of prohormone supplement use that
may warrant investigation. Although we think it is
unlikely, it is possible that doses of prohormones higher
than those previously studied may increase muscle size and
strength. One area of interest is dose responsiveness,
comparing the acute and chronic endocrine response to
http://www.acsm-msse.org
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doses ranging from as little as 50 mg to as high as 2000 mg,
which covers the range of the ‘‘manufacturer-suggested’’
doses as well as doses that have been anecdotally reported
to have been used by weight lifters. These studies should
assess changes in serum androgen and estrogen levels as
well as plasma lipids to assess possible long-term health
consequences. Another possible area of study is to investigate the influence of timing of testosterone precursor
intake relative to exercise and meals. It would be interesting to determine how long the change in serum lipids
and hormones last after long-term testosterone precursor
intake has been discontinued.
Because no large scale trials have been conducted on the
effects of prohormones in women or men across age or
racial groups, our knowledge in this area is limited. Women
may experience ergogenic effects from testosterone precursors because of the gender differences in testosterone
formation and the differences in steroidogenic enzyme activities and distribution.
In addition to ingesting testosterone precursors, these
substances have been sold in spray, cream, and sublingual
forms that bypass first-pass hepatic catabolism and may be
more effective at altering the endocrine milieu than orally
ingested forms. Studies on the acute and long-term efficacy
of alternative modes of testosterone precursor administration would enhance our understanding of the efficacy of
these products as ergogenic or medicinal substances.

SUMMARY
Intake of 100- to 200-mg doses of androstenedione or
androstenediol, or up to 1600 mg of DHEA, does not
increase serum testosterone concentrations in men, except
for a minor increase in serum-free testosterone in those

with low serum testosterone concentrations. A single dose
of 300 mg of androstenedione may increase serum
testosterone in some, but not most men. If prohormones
are administered in a manner that bypasses digestion and
hepatic catabolism (e.g., sublingually) serum testosterone
concentrations are elevated in men, although the impact of
this increase in serum testosterone on muscle size and
strength is unknown. The use of prohormone supplements
in women is associated with increases in serum testosterone concentrations, with potential masculinizing effects.
The change in the hormonal milieu following prohormone
supplement use can cause serious side effects, including
heart disease and cancer, although these health effects have
not been systematically evaluated. DHEA, androstenedione, androstenediol, nor androstenedione, and nor
androstenediol do not enhance the gains in muscle size or
strength observed with strength training alone, although
use of prohormone nutritional supplements can cause an
athlete to fail a drug test.
In summary, there appears to be little or no benefit in
using prohormone nutritional supplements. Therefore, the
use of any prohormone supplement should be discouraged
by athletic trainers, coaches, educators, researchers, and
physicians. As noted earlier, the sale of testosterone
precursor supplements has been banned. The U.S. Food
and Drug Administration, however, appears to have based
this decision primarily on the conclusion that ‘‘androstenedione, if given in sufficient quantities and for sufficient
duration, is likely to cause androgenic (and thus anabolic)
effects’’ (62), despite evidence to the contrary. Furthermore, the recent classification of androstenedione and
related compounds as anabolic steroids may give the
impression that testosterone precursor supplements are
indeed anabolic, with the unintentional consequence of
encouraging testosterone precursor use.
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