The New England
Journal of Medicine

© Copyright, 1999, by the Massachusetts Medical Society

VOLUME 341

1

4

SEPTEMBER 30, 1999

Qs>

NUMBER 14

DEHYDROEPIANDROSTERONE REPLACEMENT IN WOMEN WITH ADRENAL
INSUFFICIENCY

WIeBKE ARLT, M.D., FRANK CALLIES, M.D., JAN CHRISTOPH VAN VLIUMEN, INES KOEHLER, MARTIN REINCKE, M.D.,
MARTIN BIDLINGMAIER, M.D., DoRris HUEBLER, M.D., MicHAEL OETTEL, PH.D., MicHAEL ERNST, M.S,,
HEINRICH MARIA ScHULTE, M.D., AND BRUNO ALLOLIO, M.D.

ABSTRACT

Background The physiologic role of dehydroepi-
androsterone in humans is still unclear. Adrenal in-
sufficiency leads to a deficiency of dehydroepian-
drosterone; we therefore investigated the effects of
dehydroepiandrosterone replacement in patients with
adrenal insufficiency.

Methods In a double-blind study, 24 women with
adrenal insufficiency received in random order 50 mg
of dehydroepiandrosterone orally each morning for
four months and placebo daily for four months, with
a one-month washout period. We measured serum
steroid hormones, insulin-like growth factor |, lipids,
and sex hormone-binding globulin, and we evalu-
ated well-being and sexuality with the use of validat-
ed psychological questionnaires and visual-analogue
scales, respectively. The women were assessed be-
fore treatment, after one and four months of treat-
ment with dehydroepiandrosterone, after one and
four months of placebo, and one month after the
end of the second treatment period.

Results Treatment with dehydroepiandrosterone
raised the initially low serum concentrations of dehy-
droepiandrosterone, dehydroepiandrosterone sulfate,
androstenedione, and testosterone into the normal
range; serum concentrations of sex hormone-bind-
ing globulin, total cholesterol, and high-density lipo-
protein cholesterol decreased significantly. Dehy-
droepiandrosterone significantly improved overall
well-being as well as scores for depression and anx-
iety. For the global severity index, the mean (£SD)
change from base line was —0.18+0.29 after four
months of dehydroepiandrosterone therapy, as com-
pared with 0.03+0.29 after four months of placebo
(P=0.02). As compared with placebo, dehydroepian-
drosterone significantly increased the frequency of
sexual thoughts (P=0.006), sexual interest (P=0.002),
and satisfaction with both mental and physical as-
pects of sexuality (P=0.009 and P=0.02, respectively).

Conclusions Dehydroepiandrosterone improves
well-being and sexuality in women with adrenal in-
sufficiency. (N Engl J Med 1999;341:1013-20.)
©1999, Massachusetts Medical Society.

UMANS and some other primates are

unique in having adrenal glands that se-

crete large amounts of dehydroepiandros-

terone and its sulfate ester.! In normal
subjects there is an age-related decline in dehydro-
epiandrosterone secretion,?* but whether this repre-
sents a harmful hormone deficiency or a beneficial
age-related hormonal adaptation is not known. Ad-
ministration of dehydroepiandrosterone to normal
elderly men and women has been reported to in-
crease bone density, muscle strength, the sense of
well-being, and serum concentrations of insulin-like
growth factor I (IGF-I).511 However, well-being was
not assessed with the use of validated questionnaires,
and most studies were open label, so that a placebo
effect could not be ruled out.

We hypothesized that the biologic role of dehy-
droepiandrosterone might best be evaluated in pa-
tients with adrenal insufficiency who had premature
cessation of dehydroepiandrosterone secretion. In pre-
vious studies, we and others have found that a dose
of 50 mg of dehydroepiandrosterone given orally once
daily is appropriate for women with adrenal insuffi-
ciency.1213 Therefore, we used validated questionnaires
to investigate the effect of this dose of dehydroepi-
androsterone on well-being and sexuality in a group
of women with adrenal insufficiency.

METHODS

Patients

We studied 24 women who had had adrenal insufficiency for a
mean (£SD) of 9x2 years (range, 2 to 37) and whose mean age
was 42+9 years (range, 23 to 59). Fourteen of the women had
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primary adrenal insufficiency (mean age, 47+8 years): 11 from
autoimmune adrenalitis and 3 as a result of bilateral adrenalecto-
my. The other 10 had secondary adrenal insufficiency (mean age,
36+7 years): 6 as a result of pituitary surgery, 3 from Sheehan’s
syndrome, and 1 from autoimmune hypophysitis. The mean
body-mass index (the weight in kilograms divided by the square
of the height in meters) was 23.44.0 (range, 17.8 to 31.4). All
24 women had been taking a constant dose of glucocorticoid,
and 14 had been taking a constant dose of mineralocorticoid for
at least three months. Seven women were postmenopausal, 3 had
primary hypogonadism, and 7 had secondary hypogonadism; 13
of these 17 women were receiving hormone-replacement therapy
with estrogen—progestin. The women were otherwise healthy. The
results of physical examinations and routine laboratory tests at the
time of enrollment were normal, except that four women had slight
clevations in serum aminotransferase concentrations. The study
protocol was approved by the Ethics Committee of the University
of Wuerzburg, and all the women gave written informed consent.

Treatment

The study had a double-blind, placebo-controlled, crossover de-
sign with a prearranged randomization schedule. Each woman re-
ceived in random order 50 mg of dehydroepiandrosterone (Jena-
pharm, Jena, Germany) orally each morning for four months and
placebo for four months. The two treatment periods were sepa-
rated by a one-month washout period.

Evaluation

The women were assessed before treatment, after one and four
months of dehydroepiandrosterone, after one and four months of
placebo, and one month after the end of the second treatment pe-
riod. The women reported to the ambulatory unit between 9 and
11 a.m. after an overnight fast and having taken their regular
morning replacement medications but not the dehydroepiandros-
terone or placebo capsule. They underwent a physical examination,
and blood samples were obtained. The women were then given a
standard breakfast along with the dehydroepiandrosterone or pla-
cebo capsule, and the psychological evaluations were performed.

Measurements

At cach visit blood counts and tests of hepatic and renal func-
tion were performed, and serum total cholesterol, high-density lipo-
protein and low-density lipoprotein cholesterol, triglycerides, Lp(a)
lipoprotein, steroids, and other hormones were measured. Serum
hormones were measured by established radioimmunoassays with
kits obtained from Diagnostic Systems Laboratories (Sinsheim,
Germany) in the case of dehydroepiandrosterone, androstanediol
glucuronide, and estrone; Diagnostic Products Corporation (Bad
Nauheim, Germany) in the case of dehydroepiandrosterone sul-
fate, androstenedione, testosterone, and dihydrotestosterone; Bio-
Chem ImmunoSystems (Freiburg, Germany) in the case of 178-
estradiol; and Biomerieux (Marcy-I’Etoile, France) in the case of
sex hormone-binding globulin and IGF-I. Serum IGF-binding
protein 3 was measured by an enzyme-linked immunoassay (Di-
agnostic Systems Laboratories), but the secondary antibody was
labeled with biotin; after the addition of streptavidin—europium,
fluorescence was measured with a fluorometer (model 1232, Delfia,
Wallac, Turku, Finland).

Psychological evaluations were performed at each visit with five
validated questionnaires. The revised version of the 90-item Symp-
tom Checklist measures nine psychological dimensions as well as
provides a global index of severity.!4!> The women were asked to
respond to statements indicating their state of mind during the pre-
ceding seven days, including the day of testing, with one of five
answers, ranging from “I completely disagree” or “Not at all” (a
score of 0) to “I completely agree” or “Extremely” (a score of 4).
The scores for each subscale are summed and divided by the num-
ber of items. The global severity index is the sum of all scores di-
vided by the total number of items. Higher scores (maximal, 4.00)
indicate poorer well-being.
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The Multidimensional Mood Questionnaire consists of 24
items defined according to the degree of unpleasantness (pleasant
to unpleasant), sleepiness (awake to sleepy), and restlessness (calm
to restless).! The women rated the items on a five-step scale
ranging from 1 (not at all) to 5 (very much); the subscale scores
are the sums of the respective item ratings. Higher scores indicate
increased well-being.

The von Zerssen Symptom List consists of two similar ques-
tionnaires with 24 items each. Each item is rated on a four-point
scale from 0 to 3. The global score (raw value) is calculated from
the mean of the two scores. The maximal global score is 72; high-
er scores indicate poorer well-being.!” The short form of the Gies-
sen Complaint List consists of 24 items pertaining to the severity
of exhaustion, gastric symptoms, limb pain, and heart symptoms,
rated on a five-point scale from 0 to 4. The sum of the four sub-
scale scores yields the global score of discomfort.!$ The higher
the score, the greater the impairment of well-being.

The German Version of the Hospital Anxiety and Depression
Scale consists of 14 items pertaining to anxiety and depression.
Each item is rated on a four-point scale from 0 to 3. The maximal
score for each subscale (the subscale for anxiety and the subscale
for depression) is 21, with higher scores indicating more severe
anxiety or depression.!9:20

Sexual functioning was measured by four visual-analogue scales
that assessed the frequency of sexual thoughts, sexual interest,
and satisfaction with the mental and physical aspects of sexual ex-
perience. The 100-mm scale used included the words “not at all”
or “never” at the 0-mm mark and “very” or “always” at the 100-
mm mark. The women placed a mark at the point that best cor-
responded with their feelings during the preceding seven days.
The distance in millimeters from the beginning of the line to the
mark was measured and used for statistical analysis.

Statistical Analysis

The serum measurements and the scores from the question-
naires were compared by analysis of variance for data from two-
period, repeated-measurements, crossover designs, as described by
Wallenstein and Fisher.2!

RESULTS

Serum Steroid Hormone and Sex Hormone-Binding
Globulin Concentrations

At base line, all the women had low serum dehy-
droepiandrosterone, dehydroepiandrosterone sulfate,
and active androgen concentrations. During treat-
ment with dehydroepiandrosterone, serum dehydro-
epiandrosterone, dehydroepiandrosterone sulfate, and
androstenedione concentrations increased to the nor-
mal range; serum testosterone and dihydrotestoster-
one concentrations increased to the low-normal range;
and serum androstanediol glucuronide concentrations
increased to the upper level of the normal range (Fig.
1). Serum estrone and 17B-estradiol concentrations
did not change significantly during dehydroepian-
drosterone treatment. Serum sex hormone—binding
globulin concentrations were significantly lower af-
ter four months of dehydroepiandrosterone treat-
ment than after four months of placebo (1.7+0.2 vs.
2.120.2 ug per deciliter [59+8 vs. 72%8 nmol per
liter], P=0.01).

Serum IGF-l1 and IGF-Binding Protein 3 Concentrations

Serum IGF-I concentrations increased significantly
during treatment with dehydroepiandrosterone: the
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Figure 1. Mean (+SE) Serum Concentrations of Dehydroepiandrosterone, Dehydroepiandrosterone Sulfate, Androstenedione, Testos-
terone, Dihydrotestosterone, and Androstanediol Glucuronide after Four Months of Treatment with Dehydroepiandrosterone or Placebo.
The stippled areas represent the normal ranges for women, according to the manufacturers of the radioimmunoassay kits. To con-
vert the values for dehydroepiandrosterone to nanomoles per liter, multiply by 3.47; to convert the values for dehydroepiandroster-
one sulfate to micromoles per liter, multiply by 0.0027; to convert the values for androstenedione to nanomoles per liter, multiply
by 3.49; to convert the values for testosterone to nanomoles per liter, multiply by 3.47; to convert the values for dihydrotestosterone
to nanomoles per liter, multiply by 3.47; to convert the values for androstanediol glucuronide to nanomoles per liter, multiply by 2.13.

mean value was 14982 ng per milliliter (19.5*+10.7
nmol per liter) at base line and 16694 ng per milli-
liter (21.8%12.3 nmol per liter) after four months of
treatment (P=0.02). Serum IGF-I values increased
only in the women with primary adrenal insufficiency
(P=0.01 for the comparison with base-line values).
The value at four months was similar to that in the
placebo group (150%+73 ng per milliliter [19.7+9.6
nmol per liter], P=0.14). Treatment with dehydroep-
iandrosterone did not affect serum concentrations of
IGF-binding protein 3 or the molar ratio of IGF-I
to IGF-binding protein 3 in serum.

Serum Lipid Concentrations

During treatment with dehydroepiandrosterone,
serum total and high-density lipoprotein cholesterol
concentrations decreased significantly, as compared
with the absolute change from base line in the pla-
cebo group, but serum low-density lipoprotein cho-
lesterol, Lp(a) lipoprotein, and triglyceride concen-
trations did not change significantly (Table 1).

Well-Being

Treatment with dehydroepiandrosterone, but not
with placebo, resulted in a significant decrease in the
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TABLE 1. SERUM LiriD CONCENTRATIONS
BEFORE AND DURING TREATMENT WITH
DEHYDROEPIANDROSTERONE OR PLACEBO.*

VARIABLE BAsE LINE 4 Mo
milligrams/deciliter

Total cholesterol

Placebo 220*40 221%56

DHEA 232+43 210*+36t
LDL cholesterol

Placebo 133+37 125+49

DHEA 135+45 124+32
HDL cholesterol

Placebo 65+21 70x15

DHEA 74+19 64+19%
Triglycerides

Placebo 116%36 13162

DHEA 114+40 112+40
Lp(a) lipoprotein

Placebo 29.3+40.6 30.4*41.3

DHEA 22.6+x27.8 28.6+x30.9

*Plus—minus values are means =SD. DHEA de-
notes dehydroepiandrosterone, LDL low-density lip-
oprotein, and HDL high-density lipoprotein. To
convert the values for cholesterol to millimoles per
liter, multiply by 0.026. To convert the values for tri-
glycerides to millimoles per liter, multiply by 0.11.
Statistical analysis was carried out by analysis of var-
iance.

1P=0.02 for the comparison with the absolute
change from base line in the placebo group. P=
0.008 for the comparison with the value at four
months in the placebo group.

fP=0.009 for the comparison with the absolute
change from base line in the placebo group. P=0.19
for the comparison with the value at four months in
the placebo group.

scores on the revised version of the 90-item Symp-
tom Checklist for depression, anxiety, obsessive—com-
pulsive traits, and hostility, as well as for the global
severity index (Table 2). For the global severity in-
dex, the mean absolute change from base line was
—0.18+0.29 after four months of dehydroepian-
drosterone therapy, as compared with 0.03x0.29
after four months of placebo (P=0.02). The corre-
sponding changes were —0.33+0.43 and 0.10=0.59
(P=0.02) for the depression score and —0.23+0.59
and 0.03+0.60 (P=0.01) for the anxiety score. Scores
on all three subscales of the Multidimensional Mood
Questionnaire also significantly improved after treat-
ment with dehydroepiandrosterone (Table 3).

As compared with placebo, dehydroepiandroster-
one treatment also improved the scores on the Hos-
pital Anxiety and Depression Scale for anxiety (P=
0.04) and depression (P=0.01) as well as scores on
the short form of the Giessen Complaint List sub-
scale for the tendency toward exhaustion (P=0.03).
The raw scores for the von Zerssen Symptom List
decreased significantly from the base-line value after
four months of dehydroepiandrosterone treatment

1016 September 30, 1999

(P=0.001), but the scores were similar at the end of
the dehydroepiandrosterone and placebo periods.

There were no significant differences between wom-
en treated with dehydroepiandrosterone and those
given placebo in scores on any of the well-being
questionnaires after one month of treatment. The
base-line scores and changes after four months of
dehydroepiandrosterone treatment did not differ
significantly between the women with primary and
secondary adrenal insufficiency, and the order of treat-
ment had no influence on the changes.

Sexuality

Treatment with dehydroepiandrosterone resulted in
significant increases in the scores of all four visual-
analogue scales for sexuality (Table 4). The frequency
of sexual thoughts or fantasies and the degree of sex-
ual interest increased significantly after one month of
dehydroepiandrosterone treatment, but sexual satis-
faction increased only after four months. There was a
significant carryover eftect of dehydroepiandrosterone
treatment with respect to sexual interest (P=0.05).

Side Effects

Five women reported androgenic side effects (greasy
skin, acne, and increased growth of body hair) dur-
ing treatment with dehydroepiandrosterone. In one
woman the dose of dehydroepiandrosterone was re-
duced to 50 mg every other day because of hair loss,
after which the hair loss ceased. By the end of the
study, 19 of the 24 women had reported at least
some skin-related androgenic effects, most of which
were transient and mild. Four women had slightly
elevated serum aminotransferase concentrations at
base line, which persisted throughout the study. In
three other women, serum aminotransferase con-
centrations were slightly elevated after one month of
dehydroepiandrosterone treatment but returned to
normal after four months.

DISCUSSION

We found that dehydroepiandrosterone-replace-
ment therapy resulted in a significant improvement
in well-being and sexuality in women with adrenal
insufficiency. An increase in the perception of well-
being during treatment with dehydroepiandroster-
one has previously been reported in normal men
and women, but structured psychometric evalua-
tions were not done.5%1° In our study, the greatest
improvements during dehydroepiandrosterone treat-
ment occurred in the levels of depression and anxi-
ety and their physical correlates (e.g., a tendency to-
ward exhaustion), a finding that supports previous
studies suggesting a neurosteroidal action of dehy-
droepiandrosterone.22

In rodents dehydroepiandrosterone has an anxio-
lytic effect?324 and increases hypothalamic serotonin
levels.?® In vitro dehydroepiandrosterone can act as
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TABLE 2. SCORES ON THE REVISED VERSION OF THE 90-ITEM SYMPTOM CHECKLIST BEFORE,
DURING, AND AFTER TREATMENT WITH DEHYDROEPIANDROSTERONE OR PLACEBO.*

FinAL NoRmMAL RANGE
VARIABLE BAse LINE 1 Mo 4 Mo EXAMINATION FOR WOMENT
Somatization 0.71%+0.65 0.41x0.31
Placebo 0.61+0.45 0.53+0.43 0.64+0.55
DHEA 0.70+0.51 0.57+0.53 0.56+0.43
Obsessive—compulsive traits 0.79+0.79 0.51%+0.39
Placebo 0.68+0.42 0.67+0.49 0.67+0.64
DHEA 0.77+0.70 0.59+0.61 0.52+0.46%
Interpersonal sensitivity 0.48+0.53 0.47+0.41
Placebo 0.48+0.42 0.39+0.38 0.38+0.44
DHEA 0.47+0.42 0.33+0.48 0.34+0.40
Depression 0.76+0.77 0.49+0.42
Placebo 0.61+0.46 0.54+0.47 0.66+0.74
DHEA 0.74+0.59 0.52+0.54 0.41+0.37§
Anxiety 0.53+0.63 0.35+0.35
Placebo 0.48+0.44 0.44+0.46 0.45+0.54
DHEA 0.58+0.52 0.40+0.54 0.35+0.349
Hostility 0.45+0.52 0.38+0.36
Placebo 0.39+0.42 0.35%+0.29 0.45+0.61
DHEA 0.47+0.54 0.32+0.35 0.30+0.34|
Phobic anxiety 0.28+0.37 0.17+0.26
Placebo 0.26+0.39 0.19+0.36 0.23+0.48
DHEA 0.24+0.36 0.19+0.41 0.17+0.28
Paranoid ideation 0.39+0.54 0.38+0.38
Placebo 0.42+0.54 0.32+0.37 0.26+0.36
DHEA 0.44+0.49 0.26+0.42 0.28+0.31
Psychotic tendencies 0.26+0.32 0.21+0.26
Placebo 0.20+0.26 0.19+0.23 0.18+0.27
DHEA 0.21+0.24 0.17+0.26 0.15+0.23
Global severity index 0.56+0.54 0.39+0.26
Placebo 0.49+0.35 0.43%+0.33 0.48+0.46
DHEA 0.55+0.40 0.40+0.42 0.37+0.31**

*Plus—minus values are means =SD. Scores can range from 0.00 to 4.00; higher scores indicate poorer well-being 1415
DHEA denotes dehydroepiandrosterone.

TA total of 505 women were evaluated.!®

$P=0.08 for the comparison with the absolute change from base line in the placebo group. P=0.03 for the comparison
with the value at four months in the placebo group.

§P=0.02 for the comparison with the absolute change from base line in the placebo group. P=0.05 for the comparison
with the value at four months in the placebo group.

{P=0.01 for the comparison with the absolute change from base line in the placebo group. P=0.09 for the compar-
ison with the value at four months in the placebo group.

|P=0.03 for the comparison with the absolute change from base line in the placebo group. P=0.13 for the comparison
with the value at four months in the placebo group.

**P=0.02 for the comparison with the absolute change from base line in the placebo group. P=0.07 for the compar-
ison with the value at four months in the placebo group.

an antagonist of the y-aminobutyric acid, receptor2¢
and as an agonist of the N-methyl-D-aspartate recep-
tor.27 An antidepressant effect of dehydroepiandros-
terone was also suggested by an open-label study in
six patients with major depression.?8 Thus, the brain
seems to be a physiologic target of dehydroepian-
drosterone action.

In our study significant improvement in well-
being occurred after four months of dehydroepian-
drosterone treatment, but not after one month. This
delay in the action of dehydroepiandrosterone may
explain why some recent studies found no psycho-
logical effects in normal subjects who were treated
with dehydroepiandrosterone for two weeks.29-31

We found a significant improvement in sexuality,
as assessed by visual-analogue scales, in association
with an increase in serum androgen but not estro-
gen concentrations. Although serum androgens are
commonly linked to libido in women, the few clini-
cal studies that have been conducted were not blind-
ed, randomized, or placebo-controlled.3?

Dehydroepiandrosterone is the precursor of an-
drogens in women.!3:33 In keeping with the findings
of previous single-dose pharmacokinetic studies,213
we found that women with adrenal insufficiency had
a pronounced deficiency of active androgens and
that a single daily dose of 50 mg of dehydroepian-
drosterone overcame this deficiency, which is usually

Volume 341 Number 14 1017

Downloaded from www.nejm.org by ALVIN B. LIN MD on December 7, 2006 .
Copyright © 1999 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

TABLE 3. SCORES ON THE MULTIDIMENSIONAL MOOD QUESTIONNAIRE BEFORE, DURING,
AND AFTER TREATMENT WITH DEHYDROEPIANDROSTERONE OR PLACEBO.*

FinAL
SUBSCALE BASsE LINE 1 Mo 4 Mo EXAMINATION
Degree of unpleasantness (unpleasant—pleasant) 32%7
Placebo 31+7 33+6 29+9
DHEA 326 34+*6 34+61
Degree of alertness (sleepy—awake) 29+8
Placebo 29+8 30+6 28+8
DHEA 29=+7 31x7 31+6%
Degree of restlessness (restless—calm) 32+7
Placebo 30+8 32+6 30x7
DHEA 30+6 32x7 33+6§

*Plus—minus values are means =SD. The lowest possible score is 8 (unpleasant, sleepy, and rest-
less), and the maximal score is 40 (pleasant, awake, and calm). DHEA denotes dehydroepiandros-
terone.

1P=0.03 for the comparison with the absolute change from base line in the placebo group.
P=0.008 for the comparison with the value at four months in the placebo group.

fP=0.08 for the comparison with the absolute change from base line in the placebo group.
P=0.03 for the comparison with the value at four months in the placebo group.

§P=0.05 for the comparison with the absolute change from base line in the placebo group.
P=0.01 for the comparison with the value at four months in the placebo group.

TABLE 4. SCORES ON VISUAL-ANALOGUE SCALES OF SEXUAL ACTIVITY BEFORE, DURING,
AND AFTER TREATMENT WITH DEHYDROEPIANDROSTERONE OR PLACEBO.*

FINAL
VARIABLE Base LINE 1 Mo 4 Mo EXAMINATION
Frequency of sexual thoughts or fantasies 31220
Placebo 4021 34+23 27+19
DHEA 29+14t 44+23% 42+23§
Degree of sexual interest 3522
Placebo 33+24 35+19 27+20
DHEA 31x15 48239 45+22
Level of mental satisfaction with sex 46+30
Placebo 41+26 44+31 36%30
DHEA 34+25 46+28 55+25%*
Level of physical satisfaction with sex 4227
Placebo 44+26 43+31 34+29
DHEA 32201 49+27 51+26tt

*Plus—minus values are means =SD. The total length of the scale was 100 mm; lower values indi-
cate a lower frequency, degree of interest, or level of satistaction. DHEA denotes dehydroepiandros-

terone.

1P=0.04 for the comparison with the placebo group at base line.

fP=0.007 for the comparison with the absolute change from base line in the placebo group.
P=0.07 for the comparison with the value at one month in the placebo group.

§P<0.001 for the comparison with the absolute change from base line in the placebo group.
P=0.006 for the comparison with the value at four months in the placebo group.

{P=0.03 for the comparison with the absolute change from base line in the placebo group.
P=0.06 for the comparison with the value at one month in the placebo group.

[P=0.01 for the comparison with the absolute change from base line in the placebo group.
P=0.002 for the comparison with the value at four months in the placebo group.

**P=0.002 for the comparison with the absolute change from base line in the placebo group.
P=0.009 for the comparison with the value at four months in the placebo group.

11P=0.001 for the comparison with the absolute change from base line in the placebo group.
P=0.02 for the comparison with the value at four months in the placebo group.
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neglected.?* Accordingly, the significant decrease in
serum sex hormone-binding globulin and high-
density lipoprotein cholesterol concentrations in our
dehydroepiandrosterone-treated patients was proba-
bly due to an androgenic effect. However, since de-
hydroepiandrosterone sulfate can be converted to
androgens in peripheral target cells, the androgenic
potential of dehydroepiandrosterone may be more
correctly reflected by concentrations of androgen
metabolites such as androstanediol glucuronide,3¢
which increased to the upper-normal range during
treatment with dehydroepiandrosterone.

It has been suggested that the beneficial effects of
dehydroepiandrosterone on well-being result from an
increase in serum IGF-I concentrations.>$1011 In our
patients, serum IGF-I concentrations increased only
in the women with primary adrenal insufficiency, sug-
gesting that the effect of dehydroepiandrosterone on
IGE-I production is dependent on growth hormone.
Since the increases in well-being did not differ sig-
nificantly between those with primary adrenal insuf-
ficiency and those with secondary adrenal insufficien-
cy, changes in the serum IGF-I concentrations seem
to be of minor importance with respect to the bene-
ficial effects of dehydroepiandrosterone on mood.

The side effects of dehydroepiandrosterone dur-
ing the four months of treatment were few and tran-
sient. Some women were pleased by the androgenic
skin effects, because they had previously had dry
skin and loss of axillary and pubic hair. However, in
one woman a reduction in the dose was required be-
cause of androgenic side effects. Therefore, for some
women a lower dose of dehydroepiandrosterone (25
to 30 mg daily) may be more suitable for long-term
treatment. Larger trials with a longer duration of
treatment will be needed to evaluate the safety of
long-term treatment with dehydroepiandrosterone.
Because dehydroepiandrosterone is rapidly convert-
ed into potent sex hormones, treatment might be
contraindicated in women with hormone-dependent
diseases, such as breast cancer. Thus, it should only
be taken under medical supervision.

In conclusion, we found that replacing dehydroepi-
androsterone in women with adrenal insufficiency im-
proved well-being and sexuality as a result of a direct
effect of dehydroepiandrosterone on the nervous sys-
tem, an increase in peripheral androgen synthesis, or
both. Our findings suggest that dehydroepiandroster-
one should become part of the hormone-replacement
regimen in women with adrenal insufficiency. Wheth-
er it has similar beneficial effects in men with adrenal
insufficiency is not known but should be evaluated.

We are indebted to Drs. D. Nawmann and U. Mellinger for their
skillful performance of statistical analysis.
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