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ABSTRACT

WALLACE, M. B., I. LIM, A. CUTLER, and L. BUCCL Effects of dehydroepiandrosterone vs androstenedione supplementation in
men, Med. Sci. Sports Exerc., Vol. 31, No. 12, pp. 17881792, 1999. Purpose: The purpose of this study was to compare the effects
of short-term (12 wk) supplementation with androstenedione versus dehydroepiandrosterone (DHEA) on body compoesition, strength,
and related hormones in middle-aged men. Methods: A rendomized, placebo-contmlled, double-blind design was used to study 40
healthy, trained (>1 yf weight training) male subjects (mean = SD: age 48.1 + 3.9 yr; weight 79.8 = 9.8 kg). Subjects were randomly
assigned to one of three groups: placebo (P). DHEA (D), or androstenedione (A). Supplements (50 mg capsules) were ingested two
times daily for 12 wk. All testing, including venous blood samples, body composition, and performance, was condueted ¢ three time
points: presupplementation (1 d), at 6 wk, and postsupplementation (12 wk), Resulis: Despite a small increzse in lean body mass (0.8 =
0.4 and 9.5 * 0.3 kg) and mean strength (6.8 = 2.7 and 5.7 * 2.4 kg) in both D and A groups respectively, these changes were not
significantly different from P. In D, there was a significanily greater increase in DHEA-S levels than in P (P <C 0.05), There were no
adverse side effects demonstrated during D or A supplementation including significant changes in PSA, liver function, or lipid levels
(P < 0.05}. Conelusions: The results of this study suggest that supplementation with 100 mg-d™* of ¢ither androstenedione or DHEA
does not independendy elicit a statistically significant increase in lean body mass, strength, or testosterone levels in healthy adult men
over a 12-wk period. Key Words: ANDROGENIC HORMONES, BODY COMPOSITION, STRENGTH TRAINING

ehydroepiandrosterone (DHEA), its sulfate ester

(DHEA-S), and androstenedione are androgenic

hormones produced primarily by the adrenal glands,
which serve as precursors in the endogenous production of
both testosterone and estrogens (7,20). In the adrenal cortex,
DHEA is converted to androstenedione that, in turn, can
either be dehyrogenated in the liver to testosterone or aro-
matized to estrone (13). It is, in fact, their role in testoster-
one synthesis that has stimulated much of the recent interest
in their potential as anabolic/ergogenic aids.

Like testosterone, the production of these hormones peaks in
the mid-20s and then declines steadily with age after the third
decade of life (19). It has been speculated, therefore, that
supplementation with these “precursor” hormones may help
keep androstenedicne andfor testosterone levels elevated
thereby optimizing the anabolic state and attenuating age-
associated metabolic/hormonal changes and related sequelae
(e.g., decrease in immune function, lean body -mass, and
strength levels; and increase in body fat, insulin resistance, and
coronary artery disease). Several recent studies have, in fact,
demonstrated age-related benefits with DHEA supplementa-
tion including increases in lean body mass and strength
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(17,18,25) as well as a reduced risk of heart disease, improved
lipid levels, and enhanced immune system function and glu-
cose tolerance/insulin sensitivity (1,3.4,7,9,11,14,18,24,25).
These findings have generated considerable interest in the
potential health and longevity benefits of androgenic hormone -
supplementation.

However, studies with humans have produced equivocal
resuits (22,23). These discrepancies may be related to a
number of factors including: the basal physiologic milieu
(imitial hormonal/metabolic profile); body composition (lean
body mass vs fat mass); nutritional status (quantity, com-
position, and timing); training index (frequency X inten-
sity X volume); dosing criteria {timing, quantity, and route

.of adminisiration); and age. .

Supplementation with androgenic hormones also poses a
potential risk for promoting growth of hormone-sensitive
tumors, most notably prostatic hypertrophy, as well as pro-
moting hepatotoxicity, and increasing the risk of cardiovas-
cular disease (8,10,21). However, there is little evidence of
acute toxicity associated with DHEA or androstenedicne
supplementation in humans, Further, there is little informa-
tion regarding the effects of normal physiological doses in
middle-aged men participating in a strength-training
program. The purpose of this study, therefore, was to com-
pare the effects of short-term (12 wk) DHEA versus andro-
stenedione supplementation on body composition, strength
levels, and hormonal profiles in middie-age men experi-
enced in weight training. A key question to be addressed is



whether or not such supplementation will induce any ad-
verse side effects in these subjects.

METHODS
Subjects

Forty healthy men between the ages of 40 and 60
{mean > SD age: 48.1 = 3.9 yr} experienced in weight
training (>>1 yr) participated in this study. All subjects
completed a medical history, lifestyle and training inven-
tory, and written informed consent before participation. All
procedures were in compliance with human subject guide-
lines established by the U.S. Department of Health, Educa-
tion, and Welfare and the American Physiological Society,
Subjects were required to maintain their normal training
index {frequency X intensity X volume), physical activity
patterns, and dietary regimen (including no use of any other
suppiements) throughout the duration of the study.

Experimental Design

Subjects participated in one of three randomly assigned
expertmental trials. Fach supplement phase consisted of
blind assignment of either a placebo (P), DHEA (ID), or
androstenedione {A) capsules. Supplements were measured
in 50-mg guantities and placed in generic capsules coded for
identification. Capsules were ingested two times daily for 3
months (i.e., 100 mg-d~'). All measurements (including a
body composition profile, blood chemistry and hormone
profile, and performance measures) were made at three
times points: presupplementation (F d), 6 wk, and post-
supplementation {12 wk).

Body Composition

 Body composition was determined using hydrostatic-
weighing techniques and corrected for residual volume us-
ing the helium dilutior method. Body fat and fai free mass
were calculated from body density values. The waist-to-hip
ratio, an index of intra-abdominal adiposity, was calculated
by dividing the circumference of the abdomen (at the level
of the umbilicus) by the circumference of the buttocks
where the hips are largest.

Blood Samples

Fasting blood samples (12 h) were taken from an ante-
cubital vein by a trained phlebotomist between 0700 and
0800 on three consecutive days. Samples were immediately
refrigerated and transported to the lab and analyzed for the
following: a blood chemistry profile (including a lipid pro-
file, liver function, and glucose); hormenes (including tes-
tosterone, cortisol, DHEA-S, androstenedione; insulin-like
growth factor-1 (FGF-1), and insulin; sex-hormone-binding-
globulin {SHBGY): and prostate-specific antigen (PSA). All
hormone measurements for each subject were performed in
the same assay. Total cholesierol, glucese, and triglycerides
were determined using enzymatic metheds/spectrophotom-
etry: high-density lipoprotein (HDL)-C was determined by
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phosphotungsiic precipitation/spectrophotometry; and se-
rum concentrations of DHEA-S, testosterone, insulin,
SHBG, IGF-1, and androstenedione were measured by spe-
cific radicimmunoassays (RIA). The intra- and inter-assay
coefficients of variation were 4 and 7% for DHEA-S, 5 and
8% for testosterone, 4 and 9% for androstenedione, 5 and
10% for IGF-1, 3 and 6% for SHBG, 2 and 3% for PSA, and
5 and 7% for insulin.

Performance

Each subject’s maximal functional capacity was tested for
both muscular strength and aerobic capacity,

Strength. Subjects were tested for one repetition max-
imum (1RM) upper-body (barbell bench press) and lower-
body (leg press) strength. After two to three progressive
warm-up sets, sets of 1RM were completed with increasing
loads until the subject could not complete one repetition.
Each set was followed by a 2- to 3-min rest period, The last
successful weight lifted was determined to be the IRM.

Aerobic capacity. A symptom-limited maximal exer-
cise test was performed to assess cardiopulmonary and
metabolic functional capacity, 1o screen for coronary artery
disease (ischemic and arthythmic responses}, and to evalu-
ate any potential contraindications to exercise training. All
tests were performed using an electromagnetically braked
cycle ergometer using a 25-W RAMP protocol. Each test
consisted of 2 min of unloaded pedaling at 60 rpm, followed
by a 2-min warm-up at 25 W and a subsequent constant rate
of increase of power output (25 Wemin~'). An electrocar-
diogram was used to monitor cardiac rate and thythm con-
tinuously throughout the test using standard 12-lead proce-
dures. Metabolic and ventilatory responses were assessed
using a digital computer based exercise system (SensorMed-
ics, ‘Yorba Linda, CA}.

Training/Dietary Control

Subjects met individvally with a natritionist who in-
structed them to maintain their normal dietary pattern
throughout the course of the study and to refrain from using
any other supplementation. Compliance was monitored by
analyzing 3-d food records pre-, mid-, and post-suppiemen-
tation. Exercise logsfiraining programs were also reviewed
at this time by an exercise physiologist to insure compliance
with their training program. All subjects increased their
training loads progressively over the course of the study to
maintain an 8--12 RM intensity. A visual analog scale of
libido and an open-ended questionnaire for self-assessment
of well-being were administered pre- and post-suppleren-
tation. A 24-h history questionnaire consisted of questions
related to factors such as sleep patterns, physical health,
exercise levels, and general state of well-being.

Statistical Analysis

All results are reported as means * SE. Data were ana-
Iyzed using a two-way (3 X 3, time X group) analysis of
variance. Interactions were analyzed on pre/post scores
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Figure 1—Percentage change of performance measures p.re- to post-
supplementation. No significant differences were demonsirated (P <
0.05),

using a t-test. Pearson product moment correlations were
performed to determine significant correlations between
variables. When significant effects were revealed, a Scheffe
post hoc test was used to locate the pairwise differences
among means. For all statistical tests, significance was ac-
cepted at the P <C 0.05 level.

RESULTS
Performance Measures

Figure | summarizes the results of the maximal exercise
test and 1RM testing for each trial. There were no signifi-
cant differences (NS) demonstrated between groups on any
baseline (pre-) measures. There was a small increase in
power output (W) and VO, (L'min ™*) for alt groups that
were not significantly different (NS) between groups. There
was also an increase from baseline in both strength mea-
sures, bench press (4.3 * 1.2 and 3.4 = 1.0 kg), and leg
press {13.0 * 3.1 and 10.8 £ 2.4 kg) in both D and A,
respectively, that were also not significantly different from
changes in P or from each other (P < 0.05).

Body Composition

There were no significant differences observed between
groups on baseline measures of body composition, including
body mass (BM), percent fat (%), lean body mass (LBM),

and fat mass (FM). As seen in Table i, there was a small |

increase in LBM relative to baseline in D and A that was not
significantly different from that demonstraied in P or from
each other (£ << 0.05).

Hormone Profile

Figure 2 summarizes the results of the salient (androgen-
ic) hormonal changesf There were no significant differences
observed between groups on any baseline hormone levels.
Initial basal levels of ail hormones were within the normal
range for men. However, there was a significant correlation
{r = 0.56) between baseline DHEA values and LBM that
did not increase with supplementation. Further, there was a
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significant increase in serum DHEA-S levels and a NS
increase in IGF-{ demonstrated in D only (P < 0.05). No
other statistically significant hormonal changes were ob-
served in any group.

Risk Factor Profile

To monitor the occurrence of potential adverse side effects
of supplementation, the following variables were determined:
PSA, glucose, insulin, lpids, and liver function (ALT transam-
inase). Table 2 summarizes the results of this risk factor profiie.
There were no significant differences observed in any baseline
“risk factor™ measures. Small, NS decreases in glucose, cho-
lesterol, and triglycerides were demonstrated in D. There were
no significant differences reported for any of these risk factors
relative to baseline or P,

Well-Being and Libido

A number of subjects reported an improved sense of
well-being after supplementation (D = 4, A = 3, P = 3),
Subjective statements included enhanced feelings of relax-

~ation, sleep quaiity, and energy and stress management.

Two subjects each in D and A, and one in P, reported
improved feelings of libido. Further, two subjects in D
reported a reduction in joint pain. Only one subject each in
D and A reported an adverse effect onr sleep guality. No
other adverse effects were reported by any subjects.

DISCUSSION

The purpose of this study was to ¢ompare the effects of
DHEA versus androstenedione supplementation in healthy,
middle-aged men currently involved in a weight training
program. The results demonstrate that supplementation did
not significantly increase lean body mass or strength levels
relative to changes observed in P. These results are consis-
tent with previous studies reporting no increase in LBM or
decrease in percent fat (23} but contradict others reporting
an increase in both LBM and strength with DHEA supple-
mentation (17,25). As mentioned, these discrepancies may

TABLE 1. Bady composition measures pre- and post-supplementation; values are
mean * 5D, -

Varlabie Pre Posi

Body mass (kg)

Placeho 80.2 = 102 80.7 = 11.0

DHEA 823113 832120

Androstenedione 78404 791+44
Percent fat (%)

Placeho 16928 16835

DHEA 174 + 3¢ 172243

Androstenedione 15.7 £ 23 15832
Lean body mass

{kg} :

Placebo 66.7 £ 5.9 71274

DHEA 68.0+72 68879

Androstenedfone 66.1 + 6.3 866+ 7.0
Fat mass (kg)

Plagebo : 13521 136+35

DHEA 143 = 35 14442

Androstenedione 12325 125 =30

* Statistically significant difference fram basefine.
** Statistically significant difference from P, P < 8.05.
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Figure 2—Percentage change of androgenic hormoene profile pre- to
post-supplementation. * Statistically different from baseline (P <
0.05). ** Statistically different from placebo (P < 0.05).

be related to a number of factors including; the basal phys-
iologic milieu (e.g., initial hormonal/metabolic profiie),
body composition (lean body mass vs fat mass), nutritional
status {quantity, composition, timing), training index (fre-
quency X intensity X volume), dosing criteria (timing,
quantity, route of administration), and age. Though of sim-
ilar age and body mass, only two of our subjects (both in D)
were below the normal reference range for serum DHEA
and androstenedione concentrations. Such low levels may
be critical to inducing a statistically significant response
with replacement dose supplementation.

Though there is evidence that androstenedione can raise
serum testosterone into nortal range from low basal levels
(2.13), in the present study, supplementation with andro-
stenedione did not significanily increase serum andro-
stenedione or testesterone levels. This lack of a conversion
response in A may be related to the short half-life of an-
drostenedione and its rapid conversion to estrogens in pe-
ripheral tissues (12). Further, it has been characterized as a
weak androgen with only a minimal amount converted to
testosterone and more to estrogen (16). Muscle, along with
adipose tissue, is a major source of serum estrogens derived
from androstenedione (15). In fact, increasing androstenedi-
one levels in men may not provide the anabolic environment
desired. Overproduction of androstenedione may cause fem-
inizing signs such as gynecomastia, whereas elevated levels
cause increased estrone levels. On the other hand, supple-
mentat androstenedione in low doses is not prome to excess
elevation of estrogen levels (13), particularly in hypogonad-
ism. It also appears that a small additional amount of estro-
gen produced by supplemental androstenedione may trigger
formation of more androgen receptors where they are
wanted most—skeletal muscles (5). It is also likely that the
body rapidly adapts to excess androsienedione and may
down-regulate its production and subsequent conversion to
testosterone or estrogens as needed. Finally, because andro-
stenedione and DHEA have been shown to decrease with
long-term strength training (2), supplementation may have
been “sacrificed” to maintain testosterone levels and prevent
overtraining. Replacement therapy may belp reduce over-
training syndrome and prevent a deficiency induced by
intense training and delayed strength plateaus normally ob-
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served, Though the subjects in this study were involved in
a weight training program 3-4 d-wk™ ', the intensity and/or
volume were not sufficient to elicit an overtraining
syndrome.

In contrast to A, there was a significant increase in
DHEA-S levels and a mild, NS increase in IGF-1 in D,
Although the precise functions of DHEA (and thus the
implications of an elevated DHEA level with supplementa-
tion) remain unclear (8), it has been postulated that it may
play a role as a discriminator of life expectancy and aging
{(4). It has also been reported that DHEA-8 level is inde-
pendently and inversely predictive of death from any cause
and from cardiovascular disease (3,4). Thus, it is tempting to
speculate that supplementation with DHEA may help confer
some protection against chronic disease and/or premature
death. Future prospective studies would be needed to con-
firm this potential benefit.

Though smaller in magnitude, the increase in IGF-1 ob-
served in this study is consistent with others’ (17.25) who
have suggested that an increased bioavailability to target
tigsues over time may manifest as improved capacity in
physical and psychological performance in deficient sub-
Jjects. However, this was not demonstrated in the present
study not was the increase in IGF-1 statistically significant
relative to P. Although a number of subjects reported an
improved sense of well-being after supplemeniation, the
large majority of subjects did not report this benefit. Again,
there may be a responder subset who may benefit with an
enhanced sense of well-being and libido. Moreover, two
subjects in P were convinced they were taking one of the
hormone supplements, which, of course, demonstrates a
significant placebo and/or seasonal effect. Results may
have, in fact, been confounded by the timing of this study
(spring-summer) which is often characterized by an im-
proved sense of well-being and motivation.

TABLE 2. Risk factor profile pre- and post-supplementation; values are mean + SE.

Varighle Pro Post

Glucose {mg-dL=")

Placebo 96.0 = 13.8 943849

OHEA 906 £ 125 875 +108

Androstenedione 921+ 108 HE6=83
Chotesterol {mg-dL—")

Placebo 189+ 14 189 =15

OHEA 179 =12 175 = 12

Andrestenedione 183 =10 186 = 12
Triglyeerides {mg-dL—"

Placebo 115214 113+13

DHEA 122 + 13 117 =12

Androstenedione 108 = 10 i12+9
HOL-G {mg-dL="}

Placebo 448+ 32 457 =40

DHEA 427220 Mg=>29

Androstenedione M5 =41 41046
ALT-tansaminase (UL~

Placebo 23028 253123

DHEA - 283237 24928

Androstenadione 26842 21333
PSA (rg-mL™")

Placebo 10+ 03 0904

DHEA 12x05 13=07

Androstenediong 09 =03 1.1=05

* Statistically significant difference from baseling.
** Shatistically significant difference from P, P < (.05.
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Although several studies have reported that androgen
levels may be related to insulin levels (18), there was not a
significant relationship between fasting insulin and

DHEA-S or androstenedione Jevels in this study. This con-

firms more recent studies also failing to demonstrate a
relationship (6). The potential benefit of supplementation
with these hormones may only be manifest in specific pop-
ulation subsets {characterized by low basal hormone levels
andfor high-intensity training) using much longer supple-
mentation periods. Researchers have, in fact, recently dem-
onstrated the ability of DHEA supplementation to undergo
biotransformation into potent androgens and estrogens in
subjects with panhypopituitarism, characterized by the ab-
sence of adrenal and gonadal steroid secretion (26).

A key question to be addressed by this investigation was
whether or not (replacement dose) supplementation with these
androgenic hormones produces any adverse side effects. The
resulis suggest that supplementation with 100 mg-d ™" of either
DHEA or androstenedione do not elicit any significant adverse
side effects over a 3-month period. This includes changes in
PSA, glucose, insulin, lipids, and liver function. In fact, it
appears that even doubling serum androstenedione levels is not
harmful (18). Moreover, bicavailability of oral steroid use is
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only approximately 5% largely due to the effects of digestion,
liver metabolism, and specific tissue enzyme activity. Like
other fat-soluble nutrients, it is assumed that percent uptake
also decreases with higher doses, thereby demonstrating an-
other intrinsic safety mechanism.

In conclusion, despite several subtle physiologic “trends”
in performance and hormone measures, any effect of sup-
plementation in A or D was not statistically greater than that
observed in P. Given the iow bioavailability of these “weak”
androgens coupled with internal feedback mechanisms (e.g.,
down-regulation), normal hormonal profiles, and potential
placebo/seasonal affects, it is not surprising that significant
differences were not observed in this refatively short-term
study. Potential benefits would more likely be found with
long-term supplementation and in special subset populations
with very low initial basal levels and/or involved in high
intensity training. Future studies should further delineate
these populations and dosing criteria.

This research was supported by the United States Sports Acad-
emy and Weider Research International.

Address for correspondence: M. Brian Wallace, Ph.D., LGE Per-

formance Systems, 9757 Lake Nona Rd., Orlando, FL 32827 E-mail;
askige@aol.com.

{4, Marm, P. Androgen treatment of abdorminally obese men. Oibes, Res.
1:245-251, 1993.

15. MastroGiacomo, L, G. Bonanmt, E. MeEnEGAZzO, et al. Clinical and
hormonaij aspects of male hypogonadism in myotonzc dystrophy. ftal.
. Newrol. Sci. 17:59-65, 1996,

16, Matsumavg, H., K. Hrato, T. Yanamara, T. Tamapa, and M. Yo-
sHDA. Aromatization by skeletal muscle. J. Clin. Endocrinel, Metab.
63:717-720, 1986.

17. Moratks, A. 1., J. 1. Noran, and J, C, Neison. Effects of replacement
dose dehydroepiandrosterone in men and women of advancing age.
J. Clin. Endocrinol. Metab. 78:1360-1367, 1994. _

18. Nesmier, I E, C. Q., Bartasca, J. N, Crorg, and W. G, BLACKarD.
Dehydroepiandrosterone reduces serum low density lipoprotein levels
and body fat but does not alter insulin sensitivity in normal men.
F. Clin. Endocrinol. Metab. 66:57-61, 1988. :

19. OrentecH, M., 1. L. Brmvp, R. L. Reer, and 1. H. YocEMAN. Age
changes and sex differences in serum DHEA-S concentrations
throughout adufthood. J. Clin. Endocrinel, Metab. 59:551-555, 1984,

20, Suackreron, C., E. Rommvan, A, Panlwrs, and T. Cranc. Andro-
stenediol, and 5-androstenediol profiling for detecting exogsnously
administesed dihydrotestosterone, epilestosierone, and dehydroepi-
androsterone: potential use in gas chromatography isotepe ratio mass
spectrometry. Steroids 62:665-673, 1997, -

21. TENOVER, J. L. Testosterone and the aging male. J. Androl. 18(2):
103106, 1997,

22. Usskm, K. 8. Lack of effect of dehydroepiandrosterone in obese men.
Int. 1. Obes. 14:457-463, 1990

23. WeLLE, S., R. Jozerowicz, and M. StatT. Failure of dehydroepiandro-
sterone 10 influence energy and protein metabolism in humans.
I Clin. Endocrinol, 71:1259-1264, 1990.

24, Wisnewskg, T. L., C. W, Horon, E. ¥. Morsg, and F. Svec, The
relationship of serum DHEA-S and cortisol levels to measures of
imrmune function in human immunodeficiency virus-related illness.
Am, J. Med. Sci. 305:79-83, 1993,

25. Yen, 8. 8., A, J. Moraces, and O. Knorsam. Replacement of DHEA
in aging men and women: potential remedial effects. Ann. N. Y. Acad.
Sci. T4:128--142, 1995,

26. Young, 1., B. Couzmer, K. Nanout, S. Brariy, et al, Panhypopitu-
itarism as a model to study the metabolism of dehydroepiandrosterone
(DHEA) in humans. J. of Clin, Endocrinol. Metab. 82:2578-2585,
1997.

http:ﬂwww.mssé.org



