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Background

Dehydroepiandrosterone (DHEA) and testosterone are widely promoted as antiaging 
supplements, but the long-term benefits, as compared with potential harm, are un-
known.

Methods

We performed a 2-year, placebo-controlled, randomized, double-blind study involving 
87 elderly men with low levels of the sulfated form of DHEA and bioavailable testos-
terone and 57 elderly women with low levels of sulfated DHEA. Among the men, 29 
received DHEA, 27 received testosterone, and 31 received placebo. Among the wom-
en, 27 received DHEA and 30 received placebo. Outcome measures included physical 
performance, body composition, bone mineral density (BMD), glucose tolerance, and 
quality of life.

Results

As compared with the change from baseline to 24 months in the placebo group, sub-
jects who received DHEA for 2 years had an increase in plasma levels of sulfated DHEA 
by a median of 3.4 μg per milliliter (9.2 μmol per liter) in men and by 3.8 μg per mil-
liliter (10.3 μmol per liter) in women. Among men who received testosterone, the level 
of bioavailable testosterone increased by a median of 30.4 ng per deciliter (1.1 nmol 
per liter), as compared with the change in the placebo group. A separate analysis of 
men and women showed no significant effect of DHEA on body-composition mea-
surements. Neither hormone altered the peak volume of oxygen consumed per min-
ute, muscle strength, or insulin sensitivity. Men who received testosterone had a 
slight increase in fat-free mass, and men in both treatment groups had an increase 
in BMD at the femoral neck. Women who received DHEA had an increase in BMD at 
the ultradistal radius. Neither treatment improved the quality of life or had major ad-
verse effects.

Conclusions

Neither DHEA nor low-dose testosterone replacement in elderly people has physiolog-
ically relevant beneficial effects on body composition, physical performance, insulin 
sensitivity, or quality of life. (ClinicalTrials.gov number, NCT00254371.)

The new england 

journal of medicine

established in 1812 october 19, 2006 vol. 355 no. 16

n engl j med 355;16 www.nejm.org october 19, 2006

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by ALVIN B. LIN MD on November 27, 2006 . 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 355;16 www.nejm.org october 19, 20061648

With the rapid increase in the 

population of people 60 years of age and 
older, considerable research is being fo-

cused on how to prevent or delay age-related dis-
abilities. One approach is to replace hormones 
whose levels decline with age. Levels of dehydro-
epiandrosterone (DHEA) and its sulfated form, 
the most abundant steroid hormone in the circu-
lation, decline from the third decade onward.1,2 
Studies in animals have shown beneficial effects 
of DHEA on many age-related changes in body 
composition and in conditions such as diabetes 
mellitus and cardiovascular disease.3 These find-
ings in experimental models have generally been 
supported by observational studies in hu-
mans.2,4,5 Moreover, longevity in healthy humans6 
and nonhuman primates is associated with rela-
tively high levels of DHEA,7 a finding that has led 
to extensive promotion of DHEA as an antiaging 
agent by the lay media. However, the applicability 
of findings in rodents to humans is open to ques-
tion, since rodents have very low levels of DHEA.8 
Furthermore, a review of the literature indicated 
that most studies showing positive effects in hu-
mans have been short-term or have used pharma-
cologic doses of DHEA.8

DHEA modestly increases testosterone levels in 
women, although in the absence of overt hypogo-
nadism, DHEA replacement has a minimal effect 
on testosterone levels in men.9 It is unclear wheth-
er testosterone supplementation has a benefit in 
elderly men with a modest reduction in the level 
of “bioavailable” testosterone (i.e., the fraction of 
circulating testosterone that is not bound to sex 
hormone–binding globulin). Therefore, there is 
a growing debate about whether to treat the sub-
stantial proportion of elderly men (up to 90% in 
some reports)10 whose level of bioavailable testos-
terone is below that of young men. Moreover, tes-
tosterone replacement in elderly men may be as-
sociated with risks, especially of prostate cancer 
and progression of benign prostatic hypertrophy.11 
This uncertainty recently prompted the Institute 
of Medicine to conclude that additional well-con-
trolled studies examining the risks and benefits of 
testosterone replacement in elderly men should be 
performed before large-scale, long-term clinical 
trials are undertaken.12 In postmenopausal wom-
en, studies show that conventional estrogen re-
placement has substantial adverse effects; trials 
of ultralow estrogen replacement have demon-
strated beneficial effects.13

We conducted a 2-year, randomized, placebo-
controlled, double-blind study to determine the 
effects of full DHEA replacement and low-dose 
testosterone replacement on body composition, 
physical performance, bone mineral density (BMD), 
and glucose tolerance in elderly people with low 
androgen levels. We also determined whether re-
ceiving this hormone-replacement therapy had ad-
verse effects related to the prostate.

Me thods

Subjects

Subjects were eligible to participate in the study 
if they were at least 60 years of age. Eligibility 
criteria included, for men, a level of bioavailable 
testosterone that was less than 103 ng per decili-
ter (3.6 nmol per liter) and a sulfated DHEA level 
that was less than 1.57 μg per milliliter (4.3 μmol 
per liter), and for women, a sulfated DHEA level 
that was less than 0.95 μg per milliliter (2.6 μmol 
per liter). These cutoff values, which represented 
the 15th percentile of levels for normal young men 
and women,2 were chosen to ensure that a suffi-
cient number of healthy elderly people could par-
ticipate in the study. All volunteers underwent a 
medical history taking and physical examination 
and were excluded if there was evidence of clini-
cally important coexisting illnesses or conditions 
that could have an effect on outcome measures.

In addition, we evaluated 38 healthy young 
women and 37 healthy young men between the 
ages of 18 and 31 years once in order to obtain a 
baseline for a comparison of outcome measures. 
Elderly men underwent a digital rectal examination 
and ultrasonography to quantify the size of the 
prostate and to detect any nodules, and all elderly 
men with a level of prostate-specific antigen (PSA) 
above the age-adjusted normal level were ex-
cluded.

Study Design

The study was approved by the institutional review 
board of the Mayo Foundation, and all subjects 
gave written informed consent. The study was de-
signed and conducted entirely by the study team 
without industry support. Randomization sched-
ules were prepared by study statisticians. Study 
groups included elderly men receiving a DHEA tab-
let (75 mg per day) and a transdermal placebo 
patch, a placebo tablet and a transdermal testos-
terone patch (5 mg per day; D-TRANS, Alza), or 
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a placebo tablet plus a placebo transdermal patch. 
Elderly women received either a DHEA tablet (50 
mg per day) or a placebo tablet. Identical-appear-
ing blue capsules contained either DHEA (which 
was 95.5% pure on analysis) or placebo with lactose 
as filler. Only the statisticians and pharmacists had 
access to the coded treatment assignments. We 
randomly assigned 92 men and 60 women to the 
study groups (Fig. 1).

Elderly subjects initially received a placebo tab-
let and placebo skin patch for 1 month in order 
to exclude those in whom allergic reactions devel-
oped to the tablet or patch preparations. No sub-
jects were excluded after this test. At the end of 
1 month, baseline studies were performed and 
subjects were randomly assigned to the respective 
treatment groups. Blood samples were collected 
every 3 months for the measurement of liver en-
zymes, hematocrit, testosterone, sulfated DHEA, 
and (among men) PSA. Every 3 months, the sub-
jects received a new supply of tablets and patches.

If we observed an increase in the PSA level of 
0.75 ng per milliliter or more, we repeated the 
PSA measurement in 3 months. If the PSA level 
remained elevated, the subject was examined by 
a urologist who was unaware of the subject’s treat-
ment assignment. A digital examination, ultra-
sonography, and a biopsy of the prostate were 
performed if such procedures were clinically war-
ranted.

Outcome Measures

Primary outcome measures were physical perfor-
mance, the peak aerobic capacity, body composi-
tion, BMD, and levels of plasma insulin and glucose 
after an overnight fast. Additional measurements 
included body weight, the proportion of body fat, 
the insulin-sensitivity index, quality of life, levels 
of various hormones, and levels of alkaline phos-
phatase, alanine aminotransferase, aspartate trans-
ferase, and hemoglobin. Adverse effects, including 
increases in the PSA, were assessed.

Measures of physical performance included 
muscle strength and the peak aerobic capacity, as 
reflected by the maximum volume of oxygen con-
sumed per minute (VO

2
). The peak VO

2
 was mea-

sured during a graded-intensity treadmill-walking 
test, with expired gas exchange assessed as pre-
viously described.14 Isometric torque of the knee 
extensors was measured (the best of five maximal 
voluntary contractions) on the dominant leg while 
the subject was seated and the knee angle was 

fixed at 60 degrees of flexion. The one-repetition 
maximum (the highest weight that can be lifted 
one time) for the double leg press and chest press 
was determined from a progressive series of at-
tempts on adjustable weight-stack machines. All 
subjects were familiarized with the equipment and 
procedures on a separate visit preceding the data 
collection, and all tests were supervised by exercise 
specialists.

Body composition and BMD, including the pro-
portion of abdominal visceral fat and the fat-free 
mass, were measured with the use of dual-energy 
x-ray absorptiometry (DPX-IQ, Lunar),15 and the 
thigh-muscle area was measured with computed 
tomography.16 Abdominal visceral fat was mea-
sured as previously described.15,17 BMD was ob-
tained at the anteroposterior mass of the lumbar 
spine (L2 to L4), femoral neck, total hip, distal 
radius, and ultradistal radius.

After an overnight fast, subjects ingested a 
mixed meal consisting of 45% carbohydrate, 40% 
fat, and 15% protein, totaling 10 kcal per kilogram 
of body weight.18 Arterialized venous blood was 
sampled at regular intervals for 30 minutes before 
and 6 hours after the meal to measure levels of 
glucose, insulin, and C peptide. The oral glucose 
minimal model19 was used to calculate the insu-
lin-sensitivity index.

Ultrasonography of the prostate was performed 
with the use of a probe and biplanar imaging.

Levels of sulfated DHEA, total and bioavailable 
testosterone, follicle-stimulating hormone, and 
estradiol were measured by competitive chemilu-
minescence immunoassay (with a high-sensitiv-
ity competitive chemiluminescence immunoassay 
for subjects with low levels of estradiol); sex hor-
mone–binding globulin was measured by solid-
phase, two-site chemiluminescence immunometric 
assay (Immulite, Diagnostic Products). In subjects 
with low testosterone levels, values were obtained 
with the use of high-sensitivity competitive chemi-
luminescence immunoassay (ACS-180, Bayer Diag-
nostics); bioavailable testosterone and bioavailable 
estradiol were measured on the basis of differen-
tial precipitation of sex hormone–binding globu-
lin by ammonium sulfate after the equilibration of 
serum samples with tracer amounts of tritium-
labeled testosterone and estradiol.

We used the Health Status Questionnaire (HSQ) 
to evaluate subjects’ quality of life.20 The HSQ adds 
three questions to the Medical Outcomes Study 36-
item Short General Form Health Survey (SF-36)21 
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to provide a further assessment of emotional func-
tion. Although the HSQ gives rise to eight dimen-
sions, or scales, of health status, it can also be 
scored to generate the two factor-derived scores 
from the SF-36 questionnaire (the physical com-
ponent and the mental component). Each summary 
score is assigned a mean (±SD) score of 50±10 on 
the basis of an assessment of a general U.S. popu-
lation without chronic conditions; individual scores 
were then compared with the normalized scores 
for the general population.21

Statistical Analysis

On the basis of preliminary estimates of the cor-
responding standard deviations, we determined 
that 30 subjects would be required in each group 
for the study to have a statistical power of 90% to 
detect clinically meaningful differences between 
groups. We therefore planned to enroll 150 elderly 
subjects (90 men and 60 women) during a 5-year 
period, with all subjects followed for 24 months. 
Difficulties in recruiting volunteers in a timely 
manner resulted in an extension of the study to 
6 years. Recruitment was terminated on June 30, 
2002; follow-up was terminated on December 31, 
2003. Thus, not all subjects had their last follow-
up visit at a full 24 months. For men receiving 
DHEA, the median duration of treatment was 
23.2 months (interquartile range, 22.6 to 23.5); 
for men receiving testosterone, the median was 
also 23.2 months (interquartile range, 22.2 to 23.8); 
and for men receiving placebo, the median was 
23.1 months (interquartile range, 22.7 to 24.0). For 
women receiving DHEA, the median duration of 
treatment was 23.0 months (interquartile range, 
22.7 to 23.7), and for women receiving placebo, 
the median was 23.3 months (interquartile range, 
22.4 to 23.5). 

Changes in the end points of interest were cal-
culated by comparing the value at baseline with 
that at the last measurement. The value at the last 
follow-up visit was used for subjects who were fol-
lowed for less than 24 months but not less than 
12 months. Univariate and multivariate associa-
tions of these changes for each end point were 
calculated for each treatment group with the use 
of multiple regression analysis. Independent vari-
ables included the group, the length of follow-up, 
the age of the subject, and the baseline value of 
the end point of interest. The dependent variable 
was the change (from lowest to highest) from 
baseline to 24 months. Four subjects for whom no 

data were available at or after 12 months were not 
included in the analysis. Two-sided tests were 
used, and P values of less than 0.05 were consid-
ered to indicate statistical significance.

Randomization and maintenance of the proj-
ect database, data editing, and data analysis were 
carried out in the Division of Biostatistics at the 
Mayo Clinic.

R esult s

Baseline Characteristics

The characteristics of the elderly men and wom-
en did not differ significantly among the groups 
at baseline (Table 1). (Additional details are listed 
in Table 1 of the Supplementary Appendix, avail-
able with the full text of this article at www.nejm.
org.) Baseline characteristics of young subjects are 
listed in Table 2 of the Supplementary Appendix.

Hormone and Metabolic Variables

Subjects in the DHEA groups (but not the placebo 
groups) had a significant increase from baseline 
to 24 months in levels of sulfated DHEA and estra-
diol (both total and bioavailable forms), and wom-
en had an increase in levels of total testosterone 
(Fig. 2; additional details are shown in Table 3 of 
the Supplementary Appendix). Men in the testos-
terone group had a significant increase in levels 
of bioavailable testosterone and total testosterone, 
as compared with men in the placebo group. Nei-
ther men nor women in the DHEA group had sig-
nificant changes in the levels of follicle-stimulat-
ing hormone or luteinizing hormone; men in the 
testosterone group had significantly lower levels 
of both hormones (data not shown). Subjects in 
both the DHEA group and the testosterone group 
had no significant changes in fasting plasma glu-
cose or in the insulin-sensitivity index. Significant 
changes in fasting insulin levels were noted in the 
testosterone group but not in the placebo group. 
Taken together, men and women in the DHEA 
group had significant reductions in the levels of 
high-density lipoprotein cholesterol, but no other 
measures of lipids were affected by treatments.

Body Composition and Physical Performance

Among the primary outcome measures, only fat-
free mass differed significantly between the treat-
ment groups and placebo groups. When men and 
women in the DHEA group were considered sep-
arately, no significant changes were seen in body-
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composition measurements. When men and wom-
en were combined, the DHEA group had a slight 
but significant increase in fat-free mass (less than 
0.5 kg) and a decrease in the proportion of body fat 
(less than 1.5%). Men in the testosterone group had 
a significant increase in fat-free mass. The chang-
es in the peak VO

2
 and the measures of muscle 

strength were similar in the combined DHEA group 
and the placebo group, as well as in the testoster-
one group and the placebo group.

BMD

In the DHEA group, women had a slight, but sig-
nificant increase in the BMD of the ultradistal ra-
dius, and men had a slight, but significant increase 
in the BMD of the femoral neck. Men in the testos-
terone group had a significant increase in BMD 
only in the femoral neck. Subjects in neither the 
DHEA group nor the testosterone group had a sig-
nificant increase in BMD at other sites.

Quality of Life

Subjects in the DHEA and testosterone groups had 
no significant change in scores on the Physical 
Component Scale and the Mental Component Scale 
of the HSQ (Table 2, and Fig. 1, 2, and 3 of the 
Supplementary Appendix).

Adverse Events

Measures of prostate volume, PSA levels, liver func-
tion, electrolyte levels, and hemoglobin levels were 
not significantly altered by treatment with either 
DHEA or testosterone (Table 3, and Tables 4, 5, and 
6 of the Supplementary Appendix).

Discussion

The administration of DHEA for about 23 months 
in elderly people with low androgen levels increased 
the levels of sulfated DHEA to values that would 
be considered in the high-normal range for young 
people. This therapy slightly increased levels of 
testosterone and estradiol in women and levels of 
estradiol in men. The administration of low-dose 
testosterone for just over 23 months significantly 
increased the levels of both total and bioavailable 
testosterone in men. However, treatment with nei-
ther DHEA nor testosterone had any detectable ef-
fect on physical performance, insulin sensitivity, or 
the physical and mental components of the qual-
ity of life. Testosterone replacement resulted in a 
small but significant increase in fat-free mass but 
no significant change in thigh-muscle area or 
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Figure 2. Changes from Baseline to 24 Months in Sulfated DHEA, Bioavail-
able Estradiol, and Testosterone Levels in Elderly Subjects Receiving DHEA, 
Testosterone, or Placebo.

Panel A shows a significant increase in median plasma levels of sulfated 
DHEA in elderly men and women after treatment with DHEA, as compared 
with placebo (P<0.001). Sulfated DHEA levels after treatment in elderly 
people were in the high-normal range for young men and women (see 
Table 2 of the Supplementary Appendix). Panel B shows a significant in-
crease in median plasma levels of bioavailable estradiol after DHEA treat-
ment, as compared with placebo, in both men and women (P<0.001). Pan-
el C shows a significant increase in levels of bioavailable testosterone in 
elderly men after testosterone treatment, as compared with placebo 
(P<0.001). The dashed lines indicate the normal range of testosterone val-
ues in young men. For data in all panels, measurements were performed at 
a single, rather than at multiple, times during a 24-hour period at baseline 
and at 24 months. I bars indicate interquartile ranges.
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muscle strength. DHEA had no effect on fat-free 
mass in men or women when the groups were 
analyzed separately according to sex. The lack of 
a significant effect on thigh-muscle area, strength, 
or fitness largely discounts the relevance of the 
change in fat-free mass. Among the five sites 
measured for BMD, the women in the DHEA 
group had a small but significant increase in 
BMD of the ultradistal radius; men in both the 
DHEA and testosterone groups had an increase 
in BMD in the femoral neck. On the other hand, 
treatment with DHEA or testosterone caused no 
detectable harm, since side effects (including PSA 
levels and prostate volume) did not differ signifi-
cantly between men in the treatment groups and 
those in the placebo group.

On the basis of the 95% CIs shown in Table 2, 
it is not likely that our negative findings can be 
attributed to the small number of subjects in the 
study. Specifically, these CIs indicate that the num-
ber of subjects was sufficient to establish that any 
treatment effects that might exist were not clini-
cally meaningful. For example, the 95% CI in the 
DHEA group for the measure of fat-free mass in 
elderly men ranged from 0 to 1.78 kg, thus ruling 
out an effect greater than 1.8 kg. If the study had 
enrolled more subjects, the CI would have been 
even narrower. The upper limit of the 95% CI for 
the effect of DHEA on fat-free mass in elderly 
women was 1.35 kg, and for testosterone in men it 
was 2.15 kg.

Similarly, the number of subjects in the study 
appears to have been adequate to rule out clini-
cally meaningful effect sizes for muscle strength, 
as measured by the upper limits of the 95% CI for 
the chest press (2.27 kg for both men and women 
in the DHEA group and 4.54 kg in the testosterone 
group), the fasting glucose level (1.37 mg per deci-
liter [0.08 mmol per liter] for men and 2.45 mg per 
deciliter [0.14 mmol per liter] for women in the 
DHEA group and 2.99 mg per deciliter [0.17 mmol 
per liter] in the testosterone group), and BMD at 
the femoral neck (0.04 g per square centimeter of 
body-surface area for men and 0.02 g per square 
centimeter for women in the DHEA group and 
0.05 g per square centimeter in the testosterone 
group). Even though women in the DHEA group 
had a significant increase in BMD at the ultradis-
tal radius (P = 0.005), the number of subjects was 
adequate to establish that the magnitude of the 
effect was less than that reported with current 
treatments, such as bisphosphonates.22 In contrast 
with our findings, 3 months of resistance exer-

cise training increased chest-press strength by an 
average of 15 kg in older people.23

We administered 75 and 50 mg of DHEA per day 
to elderly men and women, respectively, to achieve 
circulating levels present in young people of the 
same sex.24,25 Previous studies have examined the 
effects of DHEA doses ranging from 50 mg26-28 to 
1600 mg29,30 given as a single dose or as repeated 
daily doses for up to 1 year.25,31,32 These studies 
have had inconsistent results, with some report-
ing positive effects on body composition, muscle 
strength, BMD, and glucose tolerance, and others 
showing no effect.8,9,21,25,27,29,33-41 The lack of a 
detectable effect of DHEA replacement on strength, 
peak VO

2
, quality of life, or measures of insulin 

sensitivity does not preclude the possibility that 
DHEA had short-term effects on these measures 
or that pharmacologic doses could have a biologic 
effect. However, the current data indicate that if 
short-term restoration of DHEA levels in elderly 
subjects has favorable biologic effects, they are not 
sustained.

The effect of DHEA on BMD is less clear. El-
derly women in the DHEA group had a small but 
significant increase in BMD of the ultradistal ra-
dius, and men in both the DHEA group and the 
testosterone group had an increase in BMD of the 
femoral neck. However, there was no significant 
increase in BMD at other sites in either group. 
Although this may have been a chance finding, an 
actual effect might have been influenced by the 
associated plasma estrogen levels. Since other well-
tolerated and tested pharmacologic agents result 
in a far greater increase in BMD, the value of 
DHEA for either preventing or treating osteoporo-
sis in elderly men or women is probably limited.

The administration of low-dose testosterone 
was associated with a small increase in fat-free 
mass but was not associated with a significant 
increase in the thigh-muscle area or with an im-
provement in any of the performance measures. 
In contrast to these results, a study of intramus-
cular testosterone therapy (at a dose of 200 mg 
every 2 weeks for 36 months)42 demonstrated a 
larger increase in fat-free mass (6.7%) and a larger 
decrease in the proportion of body fat (17.3%). 
A previous study in elderly people in which testos-
terone levels were increased to values that were in 
the middle of the normal range for young people 
also did not show any effect on muscle strength.43 
Thus, although a pharmacologic dose of testoster-
one may have a marked effect on body composi-
tion and function, low-dose replacement has no 
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demonstrable effect. Higher doses of testosterone 
that increase levels in older men to levels seen in 
young men may increase adverse effects (prostate 
enlargement and prostate cancer11), and any ben-
eficial effects remain to be established.

It is reassuring that men in the DHEA, testos-
terone, and placebo groups had similar changes in 
both the PSA level and prostate size. However, the 
2 years of observation may not be sufficient to 
detect subtle adverse effects of DHEA or testoster-
one on prostate growth and differentiation. Our 
study also does not preclude the possibility of ad-
verse effects from higher doses of either of these 
agents. We therefore believe that the long-term 
safety of DHEA or testosterone therapy in elderly 
people remains uncertain.

In all, we found little if any beneficial effect of 
the restoration of DHEA levels in elderly men and 
women to those in healthy young people of the 
same sex. Although DHEA replacement has no 
detectable effect on body composition, physical 
performance, insulin action, or quality of life, it 

resulted in a minimal and inconsistent effect on 
BMD, the magnitude of which was far smaller 
than that of established therapies for osteoporo-
sis. Additional long-term studies of testosterone 
are warranted to determine the risk–benefit ratio 
of higher doses. Taken together, our data provide 
no evidence that either DHEA or low-dose testos-
terone is an effective antiaging hormone supple-
ment and argue strongly against the use of these 
agents for this purpose.
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Table 3. Summary of Adverse Events.*

System Affected by Event Placebo DHEA Testosterone Total (N = 151)

Men
(N = 32)

Women
(N = 30)

Men
(N = 30)

Women
(N = 29)

Men
(N = 30)

Cardiovascular 5 2 2 6 5 20

Gastrointestinal 1 0 0 2 2 5

Genitourinary† 6 3 4 1 8 22

Hematopoietic and lymphatic 2 1 0 3 2 8

Immunologic 2 1 0 3 6 12

Musculoskeletal 0 1 3 0 1 5

Nervous 2 1 2 1 1 7

Respiratory 3 1 3 2 2 11

Other system 4 0 2 2 1 9

* There were no significant differences between placebo and treatment groups.
† Adverse events associated with the prostate occurred in four men in the placebo group, three in the DHEA group, and 

five in the testosterone group.
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